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Theory of Olfaction 

PASSIVE VERSUS AN ACTIVE THEORY OF OLFACTION: 
NOZZLE EXCITATION 

Larry L. Smalley 
Department of Physics 

University of Alabama, Huntsville 

The present vibrational theory of olfaction due to Wright1 favors a 
an active rather than the usual passive sensing role for receptors. An 
alternate model is chosen which employs the vibrational theory but uses 
passive receptors that are activated by energy transfer from odor mole¬ 
cules. Furthermore the importance of the inhalation process has been 
recently demonstrated by Macrides and Charover.2 Here we propose that 
the molecule itself is activated by the small amounts of energy availa¬ 
ble through nozzling. Although nozzling is an old and discredited the¬ 
ory, we propose to show how fruitful ideas may still be obtained. 

The proposed model uses the energy available from the small fraction 
of air molecules that are in their first vibrational excited state. For 
example, we carry out the calculation for the N2 molecule alone. In a 
very simplified theory of nozzling,3 we have 

where T is the temperature after nozzling, TQ is the ambient temperature, 
Y is the ratio of the specific heats, and M is essentially the Mach num¬ 
ber. For air y ~ 1.4, T0 : 300 K and let M* = 0.1; we then get 

= 1.6 X 10"3 
0 

which is indeed a small change in T. But now calculate the change in 
population, nj, for just the first excited vibrational level of nitrogen. 

where 4>j : 2330.7 cm-1 is the energy of the first excited level, and 
primes refer to temperature and population after nozzling. For a con¬ 
vergent nozzle this temperature is lower, therefore let T' = T0—|AT|. 

3R. H. Wright, Nature, Vol. 209 (February 5, 1966), pp. 571-573; 
R. H. Wright and A. Robson, Nature, Vol. 222 (April 19, 1969), pp. 290- 
292. 

2F. Macrides and S. L. Charover, Science, Vol. 175 (January 7, 
1972), pp. 84-87. 

3J. A. Owcyarek, Fundamentale of Gas Dynamics, (International 
textbook Co., Scranton, Penn., 1964), p. 156. 
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For the first vibrational level of N2, <JiA/kT0 ~ 11.3, so that 

and 

exp 
*1 

0.982, 

An i n -J — n -j 
0.018. 

Thus, statistically, this change represents only a small fraction of the 

N2 molecules which are in the first excited state. However, if N repre¬ 

sents the number of N2 molecules/volume, then (for the excited state) 

the number of transitions/volume for the first excited state of nitrogen 

alone is 

"i (^)-211 ,0'7n- 

This means that 2 x 10-7 of the N2 molecules will make transitions to 

the ground state in order to restore equilibrium distribution of excited 

states for the new temperature; for this state of N2, the transition is 

generally accomplished by collision. For a single component gas, this 

usually represents a change from internal to transitional energy. For 

a multicomponent system (say for N2 plus odor molecules), this can addi¬ 

tionally be realized by excitation of internal degrees of freedom of 

one component of the gas by another. We note further that simple con¬ 

siderations of normal volume flow rates into the lungs indicate that 

the air velocity at the entrance to the nostrils would be of the order 

of 3-4 m/sec. Inside the nasal passages, a constriction from the open¬ 

ing diameter by one half would increase the velocity to about 12-16 

m/sec. We estimate that another factor of two results from sniffing 

which has the added effects of increasing flow rates and further con¬ 

stricting air passages. Thus Mach numbers can reasonably be expected to 

lie in the range 0.01 to 0.1. We have purposely chosen the upper limit 

since this gives the largest effect. 

It is to be noted, the above number of transitions is favorable with 

minimum concentrations of odorous molecules in air that can be detected 

by humans. Thus, this could provide a mechanism for excitation of odor¬ 

ous molecules in energy ranges not possible from biological sources. The 

mechanism does require that the quantum mechanical nature of the excita¬ 

tion as well as the various line spectra be taken into account. 

As an example, consider the following situation depicted in Figure 

1: let N2 be in the first vibrational state and the odor molecule be a 

three level system with the upper level near 2300 cm-1 and the middle 

4 
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FIGURE 1. Energy level diagram depicting energy transfers between N2 

molecules and odor molecules. 

level metastable to infrared radiation. [Tables of infrared spectra 

show that most odorous molecules have infrared absorption bands in or 

near the region discussed above.] Transitions (1) from the ground 

state of the odor molecule to the upper excited state and subsequent de¬ 

cay (2) to the middle metastable state represents the pumping of the 

middle level by N;. transitions (3) to its ground state after a V-V re¬ 

action1* with the odor molecule. Finally the transition (4) from the 

metastable state to the ground state could occur in the receptors again 

by a V-V type reaction. Transition (4) then determines the character of 

an odor whereas the transition (1), i.e. the upper level of the odor 

molecule, affects the sensitivity. Consequently for two different mole¬ 

cules with nearly identical line structure in some parts of the spectrum, 

the odor may be different or absent unless excitation is the same. It 

should be pointed out that the final V-V interaction with the sensor 

through its band structure could also affect sensitivity. 

The first vibrational level of U2 was chosen only as an example of 

a possible mechanism. Certainly other levels might be used or even the 

levels of oxygen molecules. The general idea is to integrate over all 

possible transitions for air. In fact the contribution from 0.. mole¬ 

cules Is at least one order magnitude larger due to a lower energy for 

the first excited vibrational state. 

4J. T, Yardley, J. Chan. Phys., Vol. 50 (1969), p. 2464. 
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Other temperature fluctuations are present, but the one described 

above is in one direction and it does occur in the nose. Thermodynamic 

fluctuations or temperature variations effects on population compete 

destructively with themselves since they are statistical and require on¬ 

ly conservation of energy. On the other hand, heating and friction 

could be important. 

Finally, it should be pointed out that the above mechanism, which 

may not be the answer to the detection of odor molecules, is presented 

as an alternative to the active pumping of receptors. The overall gen¬ 

eral passive role of sensors indicates that we should actively investi¬ 

gate other alternatives. 
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Supermarket Analysis 

AN ANALYSIS OF THE COMPETITIVE ENVIRONMENT, OPERATING COSTS, 

AND MARKET BASKET PRICES FOR SUPERMARKETS IN A RURAL 

LOW INCOME AREA, URBAN LOW INCOME AREA, AND AN 

URBAN HIGHER INCOME AREA 

J. B. Wilkinson 

Department of Marketing 

University of Alabama, University 

Much has been written in the last decade about food marketing in 

the ghetto, and the question, "Do the poor pay more for food?" has been 

debated. In addition, considerable research effort has been directed 

toward determining the existence of inequitable marketing arrangements 

for food in the ghetto. As might be expected in a new research area, 

the resulting literature has suffered from a serious problem. Most of 

the research efforts have not complemented existing research in the area 

nor have the empirical results been molded to a conceptual frame. Thus, 

determination of unresolved research questions and isolation of these 

characteristics of food marketing which influence food prices have been 

difficult. Therefore, the objectives of this article are to synthesize 

the empirical findings on food marketing conditions in low-income neigh¬ 

borhoods using an economic conceptual frame and to suggest a relation¬ 

ship between food prices, characteristics of the competitive environ¬ 

ment, and operating costs based on empirical research in three income 

areas—a rural low income area, an urban low income area, and an urban 

higher income area. 

DETERMINANTS OF FOOD PRICE DIFFERENTIALS 

Considerable disagreement exists among food studies on the question 

of food price differentials between low and higher income areas. At 

least five of the food studies included in the bibliography do not sup¬ 

port the statement that food prices are higher in low income areas (6, 

7, 8, 30, 31). A partial explanation for their findings, however, may 

be that three of these studies either compared only the supermarkets in 

low and higher income areas or compared only the smaller stores in these 

areas; therefore, an analysis of the entire food distribution system in 

low and higher income areas was not considered.1 Alternately, the 

Goodman study concluded that low income consumers do not pay more for 

^he 1966 BLS study found "no significant differences in prices 

charged by food stores located in low income areas vis. those charged by 

stores in higher income areas, when the same types of stores (chains, 

large independents, small independents), the same qualities of foods, 

and the same sizes of packages are compared." The 1968 Department of 

Agriculture study stated that "prices charged for food items purchased 

in stores of two chains in each of six cities showed no identifiable 

pattern of differences between sample stores of the same chain operating 

in high and low income areas. Dixon and McLaughlin concluded that the 

market basket cost in the inner city supermarkets was not higher than in 

the sample of higher income supermarkets, and that the market basket 

cost for the small inner city stores was not higher than that for the 
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food because they shopped outside their residence area if necessary, 

patronized more than a single store, and perceived the relative levels 

of prices of different stores (8). 

Seven other studies listed in the bibliography plus the House 

Report No. 1851 on consumer problems of the poor conclude that low in¬ 

come families do pay more for food than higher income families (2, 3, 

13, 14, 22, 23, 28, 32). The findings of these studies are discussed 

first from the demand side of the market system and then from the supply 

side. 

From the Demand Side 

Investigation into the low income consumer's shopper sophistication 

reveals that his patronage decisions and purchase strategies tend to in¬ 

crease the prices he pays. Researchers have consistently found that the 

poor pay more when they patronize small, independent mom-and-pop stores 

located in the low-income neighborhoods (.2, 3, 6, 13, 32). Such stores 

generally charge higher prices than chains whether located in low or 

high income areas. The Madden study found that 53.3 percent of the res¬ 

idents of the defined low income area patronized independent supermar¬ 

kets and 13.9 percent patronized "mom-and-pop" independent stores (13). 

Looking at the reasons why low income consumers may not shop outside 

ghetto areas, several studies have mentioned physical immobility (3). 

Also, low income consumers appear to do very little comparison shopping 

and do not communicate among themselves about shopping experiences (11, 

12). Thus, they may be unaware of the advantages of shopping outside 

their immediate neighborhoods. 

The low income consumer's purchase strategies also result in his 

paying more. Low income consumers often purchase uneconomical size 

packages (6). For example, flour, milk, bread, sugar, and cola drinks 

were commonly found to sell in smaller sized containers in poor neigh¬ 

borhoods than in higher income areas (10). Also, many low income con¬ 

sumers buy national brands even when private label items of similar 

quality are substantially less expensive (5, 32). In addition, low in¬ 

come families seem to patronize stores offering services such as credit, 

delivery, and telephone ordering (3). All these characteristics of the 

low income consumer's purchase strategy tend to increase the prices he 

pays. 

From the Supply Side 

Most of the research conducted in ghetto areas has been more con¬ 

cerned with defining variables which contribute to the existence of 

higher prices from the supply side of the market system. These influ¬ 

ences on the supply side are discussed under structural inefficiencies, 

small stores in the higher income area. However, each study refused to 

consider the predominance of small stores in low income areas or the 

volume of food sales accounted for by small stores in low income areas 

when evaluating the question, "Do the poor pay more?" 

8 
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merchandising practices, and the operating environment. 

Most researchers agree that the competitive structure and type of 

store found in ghetto areas contribute significantly to the existence of 

higher prices. Ghetto areas have a markedly unfavorable competitive 

structure. Low income areas seem to be dotted with small, inefficient 

establishments more closely related to stores in less developed countries 

than to the sophisticated network of retail institutions dominant in 

most of the U.S. economy. For example, with the exception of one out¬ 

dated supermarket, no national nor regional food retailing firms were 

represented on the main street of Watts before the 1965 riots (22). 

Researchers investigating ghetto areas in other cities have made similar 

comments. For instance, the few supermarkets that do locate in poor 

neighborhoods are often owned by one chain (32). Table 1, prepared by 

the Federal Trade Commission, shows the high concentration of supermar¬ 

ket ownership in the District of Columbia. In the low income sections 

of the District of Columbia, the leading chain, Safeway, operated 28 

supermarkets, while a total of four other supermarkets were operated by 

three other chains. Thus, a single chain operated nearly 90 percent of 

the chain supermarkets in the low income sections of the District of Col¬ 

umbia (32) . - 

Sometime's, supermarkets located in poor areas are difficult to get 

to by low income residents because of transportation problems (3, 32). 

Regardless of the type of grocery store found in ghetto areas, the num¬ 

ber of stores in these areas is comparitively limited (32). The reason 

for this condition is that barriers to entry are numerous—little park¬ 

ing space, availability of land in the inner city, few sources of fi¬ 

nancing, difficulty of obtaining insurance, manpower problems, and pro¬ 

duct lines and merchandising strategy nontransferable from middle income 

areas to low income areas (32). 

Because of this type of unfavorable competitive structure, grocery 

stores operating in low income areas generally face less intense compe¬ 

tition than they would elsewhere. This lack of competition means there 

is less pressure to maintain tight managerial control, to improve quali¬ 

ty and service, or to lower prices. 

General agreement exists as to the quality of the goods offered by 

ghetto merchants. Selling commercial grades of meat and low-quality 

produce is prevalent (14,22, 32). Slow turnover and insufficient care 

in handling produce and disposing of old produce contribute to the poor 

quality of produce.2 Also, food store facilities are often old and in 

a shabby state of upkeep (3, 31). 

In a study on food chain selling practices, certain merchandising 

2The Marcus study commented on the commercial grades of meat in the 

Watts stores as opposed to the choice meats carried by Culver City 

stores. "The meat featured in the Watrfs stores was brown and aged, and 

was poorly displayed." Also, produce appeared to be of lower quality 

in the Watts stores since fruits were smaller and bruised. 

9 
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Supermarket Analysis 

practices of food chains were found to increase prices in low income 

areas. Advertised special items were more frequently unavailable in less 

competitive low income area stores than in more competitive higher income 

area stores. Since customers could save 10 percent or more on total food 

bills by taking advantage of specials, high unavailability rates increase 

the cost of food to the poor, and unavailability of specials represents 

an inconvenience. Sometimes the prices on specials were not marked down 

in accordance with advertisements. In general, items were mispriced far 

too often, and low income areas had more overpriced than underpriced 

items. Also, distribution of prize money was systematically allocated to 

stores outside the central city (32). Other studies did not find this 

type of variation in store policies between income areas (7). Therefore, 

variations in merchandising practices between income areas by food chains 

may not be widespread. 

Specific comments about the operating costs of grocery stores locat¬ 

ed in low income areas are difficult to make. Host research studies have 

not investigated the differences in operating costs between income areas. 

Studies that have compared operating costs, such as gross margin, ex¬ 

penses, insurance, labor costs, lease, pilferage, and advertising, fail 

to advance firm conclusions about the higher cost of doing business in 

ghetto areas even though the researchers themselves felt that cost dif¬ 

ferences must exist3 (7, 28, 31). 

A TEST OF THE ASSOCIATION BETWEEN 

MARKET BASKET PRICES, COMPETITIVE CHARACTERISTICS, 

AND OPERATING COSTS 

The findings of previous research studies indicated a possible rela¬ 

tionship between food prices, characteristics of the competitive struc¬ 

ture for food marketing, and operating costs of food stores. In particu¬ 

lar, the suggested relationship appeared to be that areas of low competition, 

such as found in low income areas and stores with higher operating costs, 

would be associated with higher food prices. 

In order to test this suggested relationship, market basket prices 

and information pertaining to characteristics of the competitive struc¬ 

ture and certain operating costs of full-line grocery stores were col¬ 

lected for three income areas—a rural low income area, an urban low in¬ 

come area, and an urban higher income area in West Alabama. 

3The interviewers for the Marcus study personally observed blatant 

examples of pilferage. Sturdivant also mentioned pilferage and the high¬ 

er insurance costs in low income areas but indicated that certain super¬ 

market chains in depressed areas of Los Angeles have a satisfactory pro¬ 

fit return (22). The Donaldson and Strangways study (7) found payroll ex¬ 

pense for Buehler's supermarkets (a chain operating in low income areas 

of Atlanta, Georgia) to be significantly higher than the average chain 

costs. 
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The Research Design 

Three geographical locations were selected to represent the three 

income areas. Census data from the 1970 Census of Population and Housing 

provided the basis for selection of each of these areas. One of South 

Alabama's urban places of 2,500 to 10,000 population was chosen to repre¬ 

sent a rural low income area. Tuscaloosa, Alabama was the urban area 

from which two contrasting income areas were defined. Since census data 

regarding inner-city income levels were unavailable, the contrasting 

areas were selected on the basis of value of housing. The rural low in¬ 

come area and the urban low income area differed from the urban higher 

income area with respect to value of housing. 

A complete listing of full-line grocery stores was compiled for each 

area. Information about store type and sales volume was collected from 

each full-line store. For income areas in which there were more than 

three chain stores or independents, figures for grocery sales made by 

chains and independents were obtained from the Alabama State Department 

of Revenue. 

Data pertaining to operating costs and market basket prices were 

collected from a sample of stores. Ten stores were selected for this 

purpose—six chain stores and four independents. The classification of 

sample stores by income area is shown in Table 2, 

The commodities included in the market basket represented a large 

proportion of the household food budget of average families. Therefore, 

food items were selected according to the weekly expenditures reported 

for families living in an urban area with incomes from $5,000 to $5,999 

(29). An attempt was made to represent each commodity group by one or 

more items which together represented a large proportion of the total 

expenditure reported for that group. Also, items were chosen such that 

the quantities purchased by low income and higher income families did not 

vary significantly. A listing of the chosen food items can be found in 

Table 3. 

Since price differentials of some food items are more important than 

for others, weights were attached to the price of each food item. Weights 

TABLE 2. Number of Chains and independents in store sample by income 

area. 

Chain Independent Total 

Rural Low Income 1 1 2 

Urban Low Income 2 2 4 

Urban Higher Income 3 1 4 

Total 6 4 10 

12 
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Supermarket Analysis 

for each food item in the market basket were calculated from the quantity 

bought per week by a family with income of $5,000 to $5,999 (29). These 

weights are shown in Table 3. 

Analysis of the Data 

During a two-week period in June, 1971, market basket prices were 

collected from each sample store twice a week. Total market basket 

prices were then averaged for chains and independents in each income 

area. The average market basket price for the sample chain stores and 

independents by income area is shown in Table 4. 

Granting that the differences in these average market basket prices 

are quite small, an interesting pattern of small differences emerges. 

The national brands market basket prices for the independents in the 

urban higher income area and the independents in the urban low income 

area are higher than for the chains in the urban higher income and the 

urban low income areas. The reverse was true for the rural low income 

area; the chain commanded the highest market basket price while the in¬ 

dependent charged the lowest market basket price. This pattern suggests 

that greater market basket price variation exists between chains and in¬ 

dependents with respect to market basket prices than between income 

areas. 

In order to assess the effect of the difference in the type of 

store found in the three income areas on the price of a national brands 

market basket, weighted national brands market basket prices were com¬ 

puted for each income area. The weighted national brands market basket 

price for each income area is the sum of the average national brands 

market basket price for the chains included in the market basket survey 

for that area, multiplied by the percent of sales accounted for by 

chains in that area and the average national brands market basket price 

for the independents included in the survey for that area, multiplied 

by the percent of sales accounted for by independents in that area. For 

example, the rural low income weighted dollar value of the national 

TABLE 4. Average dollar value of the national brands market basket by 

income area and type of store for a family of 3.29 persons. 

Number Average 

Area Type of Store of Stores 

in Sample 
$ Value 

Rural Low Income Chain 1 $ 21.57 

Rural Low Income Independent 1 $ 21. 12 

Urban Low Income Chain 2 $ 21.23 

Urban Low Income Independent 2 $ 21.39 

Urban Higher Income Chain 3 $ 21.28 

Urban Higher Income Independent 1 $ 21.52 

17 



Journal of the Alabama Academy of Science 

brands market basket, $21.40, was computed in the following manner: 

$21.57 x .63 + $21.12 x .37. 

As Table 5 indicates, very little difference can be observed in the 

prices of weighted national brands market baskets for the income areas. 

Notice, however, that the urban low income area had the lowest-priced 

national brands market basket while the rural low income area had the 

highest. 

Data pertaining to the following characteristics of the competitive 

structure were collected for each study area: 

1. The number of full-line grocery stores located in each area. 

2. The number of chains and independents located in each area. 

3. The percentage of sales accounted for by chains and indepen¬ 

dents in each area. 

The total number of full-line grocery stores classified as chain or 

independent in each income area is shown in Table 6. The number of 

chains located in each study area shows little variation. However, the 

urban higher income area and the urban low income area have more full¬ 

line grocery stores than the rural low income area. 

The percentage of sales accounted for by chains and independents in 

each study area is presented in Table 7. Chain stores clearly dominate 

the sales in each income area. The urban higher income area has the 

TABLE 5. Weighted dollar value of the national brands market basket by 

income area for a family of 3.29 persons. 

Area Weighted Dollar Value 

Rural Low Income $ 21.40 

Urban Low Income $ 21.29 

Urban Higher Income $ 21.34 

TABLE 6. Number of full-line chains and independents located in each 

income area, 1971. 

Number 

Area Chains Independents Total 

Rural Low Income 1 1 2 

Urban Low Income 2 6 8 

Urban Higher Income 3 3 6 
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TABLE 7. Percentage of sales accounted for by chains and independents 

in each income area, 1970. 

Percentage of Sales 

Area Chains Independents Total 

Rural Low Income 63 37 100 

Urban Low Income 65 35 100 

Urban Higher Income 81 19 100 

highest percentage of chain sales. The two low income areas are quite 

similar with respect to percentage of sales accounted for by chains even 

though the urban low income area has two chains and the rural low income 

area has only one. 

Considering the number of full-line stores and the dominance of 

chain store sales, each of the income areas had a favorable competitive 

structure—favorable being used in the sense that the competitive 

structure would favor low food costs. This conclusion is supported by 

the weighted market basket prices computed for each area. Possibly, the 

rural low income area could be selected as having a slightly less fav¬ 

orable competitive structure, but this too would be supported by the 

weighted market basket prices since the rural low income area had slight¬ 

ly higher weighted market basket prices (See Table 5). In general, 

little difference could be detected in the competitive structure of the 

income areas, and this finding was compatible with the conclusions on 

weighted market basket prices. 

A comparison of certain average operating costs for chains and in¬ 

dependents and market basket prices for the same are shown in Table 8 

for each of the income areas. If operating costs have a strong influ¬ 

ence on market basket prices, then lower gross margins, and higher total 

expenses, labor costs, and spoilage estimates would be expected with 

higher market basket prices. However, the highest gross margin was as¬ 

sociated with the highest market basket price and, with the exception of 

the urban higher income independent, this type of association formed a 

pattern. Excluding the urban higher income independent, slight varia¬ 

tion in a market basket price combined with differences in cost of 

goods sold and sales volume appear to affect gross margin rather than 

vice versa. 

With this in mind, the pattern now becomes clearer. The rural low 

income chain had both a higher market basket price and lower cost of 

goods sold resulting in a high gross margin. The rural low income inde¬ 

pendent had a lower market basket price, presumably to compete with the 

rural low income chain which accounted for 63 percent of the area sales. 

It may also have had a higher cost of goods sold along with a lower 
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sales volume which resulted in a low gross margin. In the urban area 

the chains have lower gross margins which are reflected in lower market 

basket prices. The higher income independent had a noticeably low gross 

margin which, considering the higher market basket price, must indicate 

a higher cost of goods sold. A reasonable hypothesis to fit the gross 

margin pattern with the exclusion of the urban higher income independent 

is that small differences in market basket prices combined with differ¬ 

ences in cost of goods sold and sales volume affect the gross margins 

rather than higher market basket prices being necessary to cover higher 

costs of goods sold. These stores appear to be adjusting their operat¬ 

ing expenses and trying to manipulate cost of goods sold in order to 

achieve reasonable profits—perhaps because their sales volume and 

prices are restrained by competitive influences. 

The pattern for total expenses follows the pattern for market bas¬ 

ket prices; higher prices are associated with higher total expenses. 

Again, the differences in market basket prices are not as extreme as 

differences in total expenses, which indicates that some type of mani¬ 

pulation in costs of goods sold or sacrifice in profits is necessary. 

The sacrifice of profits is evident in the figures for the urban low in¬ 

come chains which have lower market basket prices and higher expenses 

than urban higher income chains. 

Labor costs do not follow a consistent pattern, although they ap¬ 

pear to be high for all of the stores in the low income areas except the 

rural low income independent. The labor costs for the urban low income 

independents are quite high and reflect the services found within the 

stores, such as clerks behind the meat counter. 

Spoilage costs were also the highest for urban low income indepen¬ 

dents, but the average was somewhat deceptive, since one of the stores 

had an exceptionally high spoilage rate which resulted in a lower profit 

for the year rather than higher prices. 

In general, fairly large variations appear in store operating costs 

among the three income areas. However, this variation in store operat¬ 

ing costs is not matched by a corresponding variation in market basket 

prices. Therefore, a strong association between operating costs and 

market basket prices cannot be supported by this study. 

CONCLUSIONS 

If market basket prices are an accurate indication of food prices 

in general for those full-line grocery stores included in the market 

basket survey, little difference appears to exist for food prices be¬ 

tween the selected income areas. As the findings of this study suggest, 

the competitive environment appears to restrict price differentials be¬ 

tween and within income areas. All three areas—the rural low income 

area, the urban low income area, and the urban higher income area—had 

a favorable competitive structure, since all three areas had large 

chain stores which accounted for the majority of food sales by full¬ 

line grocery stores in these areas. 
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Operating costs did not appear to have a strong influence on market 

basket prices. Operating costs such as cost of goods sold and total ex¬ 

penses seemed to adjust to sales volumes and food prices which operated 

as restraints. Given a sales volume level and an upper limit on food 

prices, store owners or managers appeared to manipulate cost of goods 

sold and total expenses in order to achieve adequate profits. 
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COMPUTER AIDED CITY MANAGEMENT 

James P. Ignizio 
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University of Alabama, Huntsville 

INTRODUCTION 

It has become increasingly clear during recent years, that the 

greatest handicap faced by government officials and urban planners, is 

the lack of basic information in a useable form. For example, the Na¬ 

tional Academy of Science reported after an extensive study of urban 

planning that "The design of systems for community improvement is not 

fundamentally limited by available funds, materials and technologies; 

rather, it centers on the lack of knowledge of sociological and behavior¬ 

al requirements and the ability to assess the relative value and desira¬ 

bility of various alternatives." 

One of the greatest difficulties facing the modern city is that 

of finding a means to organize and utilize the vast amount of data that 

exists and which is constantly being generated within the city. The 

problem is rarely that of having too little data, but is rather that of 

being overwhelmed by the amount of raw data available but in a nonuseable 

form. 

All cities are composed of complex, dynamic, interlocking subsys¬ 

tems of services. One can readily recognize in any city the numerous 

interrelated subsystems such as health systems, educational systems, em¬ 

ployment systems, transportation systems, recreational systems, metabol¬ 

ic systems (food, clothing, housing, fuel, etc.) and governmental sys¬ 

tems. Furthermore, the services provided by these subsystems may be 

supplied by either individuals or organizations, either public or pri¬ 

vate. The interrelatedness of the total community system, spanning 

numerous jurisdictions of different levels of government, and complex 

physical and social interacting subsystems, underlines the importance of 

having available, useable and integrated information portraying the cur¬ 

rent status of the city. In order for governmental authorities to be 

able to make intelligent decisions, they must have the information re¬ 

quired for planning new programs and evaluating their effectiveness. Be¬ 

cause resorces are not unlimited, hard choices must be made as to what 

projects to undertake and when. In addition, it goes without saying 

that if we are to make intelligent decisions as to whether to continue, 

alter, expand, contract or terminate existing projects and programs, we 

must have valid, empirical evidence as to needs, and how effective and 

efficient our programs are. 

From the viewpoint of the decision maker, existing data systems 

are not responsive to the changing needs. One reason is that the decis¬ 

ion maker is not usually the sponsor of the data, that is, the agency 

which causes the data to be gathered and recorded. Numerous different 

agencies are responsible for the data that are gathered currently. Much 

of this collection of data is dictated by laws and statutes as to form 

and frequency of collection. Unfortunately, this decentralization of 
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responsibility for collecting and publishing basic statistics has meant 

that the form in which the data are collected or tabulated may be inef¬ 

ficient and ill adapted to other uses. In addition, valuable informa¬ 

tion may be collected, but due to budgetary constraints or bureaucratic 

red tape never processed. Existing systems at best tend to be sluggish 

in presenting new data that has entered the system. 

The treatment of urban statistics is further confounded by the 

functional and jurisdictional boundaries that usually separate the in¬ 

formation subsystems a user is interested in. Thus because of their 

varied sources, the body of available statistics comprises a tangle of 

incompatible definitions, time intervals and geographic jurisdictions. 

Although definitions and geographic boundaries may be internally con¬ 

sistent within a data collecting agency, they may differ radically from 

those used by other departments or agencies. 

Time incompatabilities also exist. In order to assess changes 

taking place, time series data is required. Some types of information 

require monitoring, whereas for others, observations repeated only oc¬ 

casionally are sufficient. Continuous monitoring is expensive and may 

often be a waste of valuable resources. The establishment of the appro¬ 

priate time intervals to assess interim change is a difficult problem. 

In addition, there is often a considerable lag between the time data 

are collected and the time released. This leads to the outdating of 

some of their usefulness, before they are available. For example, the 

most useful of the U.S. Census data is generally not available until two 

to three years after collected, even though data processing is now com¬ 

pletely computerized. 

The result of the problems mentioned above is that it appears 

that access to data is a more important problem than their availability. 

That is to say, data are available that would be extremely useful if 

access to it could be facilitated. The problem seems reasonably solv¬ 

able using existing data processing and information system techniques 

if the organizational and financial problems can be overcome. The basis 

for such a system is presented in the remainder of this report. 

TYPES OF DATA 

In order to make intelligent planning decisions and evaluate 

program results, quantifiable yardsticks or measures are needed. It is 

important to recognize that there are at least four distinct types of 

information needed for planning and evaluation purposes. These might be 

characterized as: 

Type I—Information required for planning purposes. These data 

include certain socio-economic, demographic and environmental 

data needed for identification of problems, measuring their mag¬ 

nitude, and planning specific projects for their aleviation. 

This is also sometimes referred to as baseline data. 

Type II—Data needed for the evaluation of individual projects to 

assess management and operational efficiency; i.e., is the imple- 
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menting agency doing what was proposed within the time and budget¬ 

ary constraints? 

Type III—Information needed to evaluate the relative effectiveness 

of different strategies or approaches; i.e., which alternative tech¬ 

niques for carrying out a program are most effective and productive? 

Type IV—Measures required for the assessment of the overall impact 

and effectiveness of all the projects and programs acting together, 

upon the achievement of the basic objectives; i.e., are we really 

improving the quality of life for the residents? 

In this study we are concerned with an information gathering and 

data analysis system of Types I and IV. Type II information is more 

readily handled by a combination of automated accounting techniques and 

PERT or CPM (Critical Path Methods). Type III information is more read¬ 

ily handled by design of experiments, simulation, or special tailor-made 

systems. 

Examples of the types of data which we are concerned with for Type I 

and Type IV applications are: 

1. Population characteristics such as distribution by age, sex, 

race, etc. 

2. Social characteristics such as family size, family relationships, 

family unity, etc. 

3. Economic characteristics such as level of income, employment 

status, etc. 

4. Health characteristics such as mental, physical and dental 

needs being unfulfilled, disease rates, etc. 

5. Housing characteristics such as extent of substandard housing, 

overcrowding, etc. 

6. Educational characteristics such as levels attained, school 

drop-out rates, absenteeism rates, academic achievement rates, 

etc. 

7. Crime attitudes related to both victims and perpetrators. 

8. Citizen attitudes as reflected through voter registration, voter 

participation and various attitude surveys, etc. 

INFORMATION SYSTEM CHARACTERISTICS 

After a thorough review of the literature on Urban Information 

Systems and on analysis of the availability of local statistical data, it 

was determined that an improvement in local data utilization was certain¬ 

ly obtainable. In order to be implemented, however, it became clear 

that the costs to input and maintain the data had to be kept low. Thus 
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a vast complex, dynamic, and costly Information system (such as is so 

often proposed) was ruled out in favor of the more simple system des¬ 

cribed herein. However, its very simplicity provides the system with a 

more favorable chance of being implemented and used. The Urban Infor¬ 

mation and Display System provides a basic framework for gathering and 

comparing a vast array of data for various parts of the city. When 

fully implemented, it would provide both numerical and visual outputs 

for planning and/or evaluation purposes. 

The basic goal of the development of the system was to provide a 

tool to evaluate the needs of the city. The basic purpose of the city 

program is to provide a good "quality of life" for residents living in 

the city. Unfortunately, there is not a universally accepted definition 

of what we mean by quality of life (at least not in quantifiable terms). 

This implies that we must define quality of life in terms of differenti¬ 

als or gaps between the conditions of specific city areas or residents 

and the conditions of the wider community at large. 

In order to provide these comparisons, the city of Huntsville and 

its immediate environs has been divided into 128 geographic areas. 

Three of these are the Model Neighborhood Areas as defined by the City 

Demonstration Agency. The other 125 geographical areas are defined by 

a square grid system such that each grid is one mile square. Note that 

each grid square thus defines or is associated with a specific area of 

the City. The characteristics or specific data for each grid area can 

then be compared singly (or in combination) with the rest of the city 

or with other specific areas of the city. 

Any type of data can be inputed into the system so long as a street 

address or block number is associated with it. The input cards for the 

computer program have ten data fields containing the street address (or 

block number), postal zone (if available), cross street (if any), data 

type, three data scores, the date of input, and a field for miscellane¬ 

ous information. The cross street provision is made so that an inter¬ 

section of two streets can be used for location identity if desired. 

For example, certain crime or accident data are reported by intersec¬ 

tions. Thus any data which contain or can be associated with an address 

(or block for U.S, Census Data) can be fed into the system. The computer 

program then associates each data input card with the appropriate grid 

and the data scores are tallied. The numerical output can be in the 

form of sums, averages, or ratios. The output for each grid area is 

then printed in a visual format so that the result for each grid area 

may be displayed behind a transparent city map. With appropriate buffer 

programs, the outputs can then be directed to computer library statisti¬ 

cal subroutines for further analysis such as regression, correlation, 

tests for differences of means, etc. 

THE SYSTEM DESCRIPTION 

The operating concept of the urban information display system final¬ 

ly developed can be explained as follows: 

1. The data of interest are inputed via a "score" card. This card 
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contains the data type identification number, the corresponding 

city address code number, the data score(s) or value(s), and 

the date. 

2. A control card is then read-in. This card signals the computer 

program as to what type(s) of analysis are to be run on the 

data and the characteristics of the data output display desired 

For example, a statistical test may be desired to establish 

whether there is a significant difference between auto theft 

in one particular portion of the city as opposed to the rest 

of the city. 

3. The computer program begins by first matching and assigning 

each "score" card to its corresponding city grid area. To ac¬ 

complish this, all of the city is overlaid with a grid of 

equally spaced horizontal and vertical lines. Each street 

within each grid is identified by an address code number and 
its grid number. The score card includes this address code 

number. 

A. After all data (score cards and control card) are read-in and 

after each score is matched to a grid area, a tabulation and/ 

or average of total scores for each grid is performed. 

5. The tallies for each grid are printed out onto the computer 

paper. A map of the city, on a transparent plastic sheet, is 

then laid over the print-out. The resulting display provides 

a quick-look visual display of data for each grid section. 

6. Also included in the final print-out are the results of the 

statistical tests that were requested via the control card. 

(The program output is run through the proper buffer program 

so as to be in the input format required for the computer 

statistical packages.) Statistical packages are usually a- 

vailable as a part of the computer’s equipment or, if desired, 

may be specially written to accompany the main program. 

EXAMPLE 

To clarify the system description, an illustrative example is pre¬ 

sented in a somewhat simplified form. Consider just the crime incident 

information flow. Many cities utilize a procedure similar to the follow 

ing. Each police call is recorded on a "call-card" which includes such 

information as date, adress, type of crime, and so forth. Our score 

card for the computer input would then include: 

Data Type 

Address 

Score 

Date 

Crime classification (car theft, shooting, etc.) 

The address or street or intersection where the 

incident happened 

The number of incidents per call 

The date the incident occurred. 
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Of course, all of the above data are in a pre-established coded 

numeric form so as to reduce the total computation effort. The score 

card may be either key-punched or, alternately, read-in to an OCR (Op¬ 

tical Card Reader) and stored on magnetic tape. 

Let us assume that we wish to compare the crime rate of one section 

(grid section) of the city with the rest of the city. This being the 

case, we would provide the information on the control card as follows: 

* Code number for data type (crime type) 

• Code number co select pertinent statistical data package 

The score cards and data card are then read-in to the program. The 

output of the program, called the quick-look visual indicator, is com¬ 

posed of two components. The first component is a map of the city parti¬ 

tioned into square grid areas by horizontal and vertical lines. This 

map is on a transparent plastic sheet and is overlaid on the second com¬ 

ponent, the computer data print-out, to form the complete visual display 

system. 

Each grid square is associated with a specific area of the city. 

Thus, each area may then be compared singly or in combination with the 

rest of the city or with other specific areas of the city. The second 

component, the computer print-out, has been tailored so as to allow each 

grid tally or average score to fall within the grid square when the trans 

parent city map/grid map is overlaid on the print-out. 

Consequently, one needs only to look at this visual display to de¬ 

termine, for example, the average scholastic test scores for each area 

of the city. 

SUMMARY 

The urban information and display system discussed in this paper, 

while not as grandiose and expensive as often envisioned and proposed, is 

believed to be an efficient and economical means of providing pertinent 

information to the busy city manager. The simplicity of the system re¬ 

duces development and implementation cost, which in turn makes it a more 

attractive system.. After implementation, the running costs of the system 

are also reasonable and, since computation time is quick, the availabil¬ 

ity time is minimal. 

The two primary difficulties encountered in the development of this 

system have been: 

(a) An occasional reluctance on the part of some agencies to re¬ 

lease any of their data. 

(b) The large amount of manual effort required to convert the 

various data types to a form suitable for inputing to the com¬ 

puter program. 
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The first problem is a natural problem that would occur with the 

development of any centralized information system. A certain amount of 

salesmanship may often change the agencies' mind. However, it is be¬ 

lieved that, for the most reluctant, the only remedy is to convince them 

of the use of the system by satisfying the requirements and simplifying 

the tasks of others within the city. 

The second problem area can only be overcome by convincing each de¬ 

partment within the city that it is to their advantage to utilize a sin¬ 

gle generalized data record format. They will only be convinced of this 

if shown that the information system is truly useful to them. 

One possible area of difficulty, that of the large amount of labor 

involved in coding street addresses and associating these code numbers 

with grid squares, was considerably alleviated by the use of volunteer 

workers. Such an effort, devoted toward the best interest of the city 

as a whole, is one in which one can expect such volunteer work. 
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ENVIRONMENTAL SURVEYS AS A TOOL FOR TEACHING ECOLOGY 

Mary Nell Gonce 

Bradshaw High School 

Florence, Alabama 

INTRODUCTION 

Mercury poisoning, nuclear power plants, thermal pollution, sewage 

disposal, the rapid, uncontrolled growth of aquatic plants, and many 

other factors have produced a genuine community awareness of pollution 

in our environment. Here within the Tennessee Valley area are some of 

the most valuable, yet most endangered, natural resources in the state. 

Highly concerned about what Is happening to the earth, and more immedi¬ 

ately to their own surroundings, many high school students are asking 

questions like "How much mercury is really in Pickwick Lake?" "How are 

pollution counts taken?" "Why is it taking so long to clean up our en¬ 

vironment?" "Can noise really be harmful?" Certainly answers to these 

questions are not easy to obtain, but young adults who want to know the 

facts are not deterred by difficulties. An excellent way to encourage 

their study of the local ecology and help inquiring students understand 

the problems environmentalists face is through a general survey of air, 

water, noise, radiation and solid waste pollution. 

PROCEDURE 

Students in Bradshaw High School recently had a rare opportunity to 

see firsthand what is happening to their own particular bit of earth. 

In early January of this year, Oak Ridge Associated Universities, funded 

by the National Science Foundation, selected 25 high schools throughout 

the United States to conduct a short environmental survey in the areas 

of air, water, noise and radiation pollution. Bradshaw High School was 

one of two schools chosen from Alabama to participate in this program. 

Our school had one month to construct survey meters, organize research 

teams, collect data, and complete the ecology report for Oak Ridge. 

The 32 students in our experimental, honors Biology II class formed 

four eight-student team6. Each team had a chairman whose responsibility 

was to organize his group, assign tasks, choose survey sites, supervise 

the work of the team, select reliable resource personnel, research the 

literature, and finally draw together all data and compile one repre¬ 

sentative report. The chairman also had a secretary to help with the 

typing, prepare reports, keep the log, organize the data, and generally 

account for the team's progress. Each team operated independently of 

the others with minimum faculty supervision. Unless a team had a speci¬ 

fic problem and sought the aid of one of the teachers, the science 

faculty offered neither solutions nor advice. 

Before beginning the work each student in the class asked his par¬ 

ents to grant permission for his participation in the survey, with the 

understanding that the student would be away from campus for a part of 

each day. The faculty and the administration agreed that the students 

involved in this project would be allowed to leave school at any time 
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during the day and miss any classes conflicting with their survey time, 

provided the students made up all class work to the satisfaction of the 

teacher whose class he missed. The arrangement proved satisfactory; no 

student abused his freedom. Understanding and helpful teachers, patient 

and tolerant administrators, and cooperative and considerate parents are 

essential for a project of this type to succeed. A teacher and his stu¬ 

dents cannot manage alone. 

OBSERVATIONS 

In this survey, time was a critical factor. One month of collecting 

data is insufficient to yield any acceptable, conclusive results in a 

study of this magnitude. Nor was the period, January 15 through February 

15, the ideal time of the year to do such work. None of our students 

complained about weather conditions; however, these conditions were im¬ 

portant factors influencing many observations. For example, the air 

quality and noise levels groups had to consider wind velocity, tempera¬ 

ture, and relative humidity in all of their readings, while radiation 

study was least affected by prevailing weather conditions. So that all 

weather conditions may be observed as they relate to the ecology of a 

given survey of an area, this type of survey should run a full calendar 

year, or at least a full school year. 

Also, such a project should be prefaced by at least six weeks of 

intensive instruction before the teams are put into the field. The stu¬ 

dents should be completely familiar with the survey area, the nature of 

the pollutant, proper procedure and correct laboratory techniques for 

making adequate tests, and fully aware of all dangers involved in the 

study. It is imperative that enough time be allowed for the students to 

research all recent literature relating to their area of study. When 

the participants must build their own survey meters, they also need in¬ 

structions in the basic elements of electronics. 

In addition, each school conducting such a survey needs a definite 

operating budget. There are many hidden expenses: additional electronic 

parts, batteries, photographic supplies, chemicals, specimen jars, carbon 

monoxide ampules, and maps. Our students provided their own transporta¬ 

tion. One student traveled more than two hundred miles the first day 

selecting tenative sites for the water quality study. Collectively, the 

students logged several thousand miles during the month. 

These students had total freedom to work, and because they had a 

vital interest in the study, they did a tremendous amount of work, often 

performing extra experiments. For instance, the instructions for the 

water study made no mention of measuring the dissolved oxygen in the 

samples taken, but after studying the nature of water pollution, the 

committee felt that measuring dissolved oxygen was necessary to make 

their data acceptable. 

The air pollution study committee were at their monitoring points 

by 6:00 a.m. and often did not finish until after 6:00 p.m. Water qual¬ 

ity study requires many samples, some of which were taken at -2°C. The 

noise Study committee made more than 2,500 readings before they were 
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ready to graph their averages. Perhaps the radiation study group had 

the most difficult assignment because their meter failed to function 

properly, forcing them to seek out other resources. Working seven days 

a week these students worked in shifts, in teams, as individuals. But 

they worked very hard to achieve a professional level of research. 

CONCLUSIONS 

We found the program, originally designed as a pilot study to test 

the abilities of high school students in obtaining reliable data in 

ecological and environmental studies, well within the talents of the ac¬ 

celerated high school student. Questioned about the survey, the students 

themselves stated that the most important things they had learned in 

this project were patience in collecting data and tolerance of others 

working in similar areas. They were the first to agonize over the lack 

of time, insufficient data, inadequate survey meters, and the need for 

more depth in their research. As a result of this survey, most partici¬ 

pating students are now critical of any ecological data, and begin at 

once to challenge its validity. 

Judging from an educator's point of view, one may say the class 

learned to work as a research team, realizing that their data were vital 

to the work of the whole team. They accepted the challenge and respon¬ 

sibility of this survey and cheerfully worked many long hours proving 

they could indeed do professional research. The project was successful 

in teaching research technique and team work, stimulating interest in 

the local environmental problems, and acquainting the student with the 

wealth of resources in our area. In short, they are still searching and 

questioning; what more could any science teacher ask? 
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THE DEMISE OF NONPAR BANKING IN ALABAMA 

William D. Geer 

Samford University, Birmingham, Alabama 

and 

Byron L. Bohannon 

Birmingham Branch, Federal Reserve Bank of Atlanta* 

Birmingham, Alabama 

Commercial banking in Alabama has undergone great change in recent 

years, but one important change has received very little notice. Alabama 

has been one of the last states to allow nonpar banking. However, at mid¬ 

night on June 30, 1972, this ancient practice would no longer be permit¬ 

ted as a result of action taken by the Legislature of Alabama at its 1971 

session.1 Alabama has thus joined with ten other states that have out¬ 

lawed nonpar banking since 1969. When Alabama became a par state there 

were only five states left that permitted nonpar banking.2 

Nonpar banking is the practice of collecting an exchange charge on 

checks presented to the drawee bank for collection through the mails. 

Most nonpar institutions pay items presented over the counter at their 

banking facility at par, or at full face value. Only when an item is pre¬ 

sented for collection by a party outside the immediate market area of the 

bank, is an exchange or remittance charge imposed. 

For example, suppose that a person having an account with a nonpar 

bank in one state writes a check on his account in payment of an obli¬ 

gation to a person in another state. The person receiving the check ac¬ 

cepts it as payment in full. But, he may find that when he cashes it at 

his local bank, a charge of 1/8 of 1 percent3 of the face amount is de¬ 

ducted. This is because the bank cashing the check realized that when 

the check is forwarded to the drawee bank for collection, this amount 

will be deducted from the remittance the bank receives. The nonpar draw¬ 

ee bank charges its customer's account for the full face amount of the 

check and remits to the Georgia bank for the face amount less the exchange 

charge. Thus, the nonpar bank has earned the amount of the exchange 

charge. On a check of $1,000 these earnings would amount to $1.25. 

* Views expressed in this paper are those of the authors and do not 

necessarily reflect the view of the Federal Reserve Bank of Atlanta. 

legislature of Alabama, "An Act. To Amend Section 133 of Title 5," 

Code of Alabama, 1940, relating to banks and banking; requiring banks to 

remit at par. 

2Federal Reserve Bulletin, February 1972, p. A98. 

3Alabama State Banking Department, The Banking Laws of Alabama, re¬ 

printed from the Code of Alabama 1940 and 1955 Cumulative Pocket Part, 

1956, p. 49. 
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Early Justification for Nonpar Banking 

What is the logic behind a nonpar bank charging a fee for simply 

honoring its customer's demand to pay a third party? In the early days 

of banking, population centers were far apart and the nation's communi¬ 

cation and transportation systems as we know them were nonexistent. A 

bank located in one population center, in order to honor a check received 

from another population center, would probably have to effect an actual 

transfer of money or gold. An alternative would be for the bank to main¬ 

tain a deposit with a bank in the other population center. In either 

case there would be an actual expense involved. It was generally accepted 

in those times that this expense should fall on the party demanding pay¬ 

ment, since the transfer was performed as a service to him.4 

With the advent of correspondent banking and the Federal Reserve 

Bank's central facility, it became possible to clear checks without the 

actual movement of funds. Thus, the main justification for deducting ex¬ 

change charges was removed. Actually, the inefficiency and high exchange 

cost caused by the nonpar banking practices contributed significantly to 

the establishment of the Federal Reserve System as a central check clear¬ 

ing facility. The Federal Reserve Act, leading to the establishment of 

such a facility, was partially the result of a study by the National Mon¬ 

etary Commission of 1908. This study cited as deficiencies in the na¬ 

tion's monetary system (1) the inefficient process of clearing checks 

through correspondent banks, (2) the high exchange charges, and (3) the 

indirect routing of checks to avoid exchange charges.5 

Scope of Nonpar Banking 

On December 31, 1939, twenty-five years after the establishment of 

the Federal Reserve System, there were still 2,656 nonpar banks in the 

United States, accounting for 18 percent of the1 nation's commercial banks.6 

By the end of 1971 this number had been reduced to 262 or less than 2 

percent of the 13,702 banks in the country.7 

Table 1 traces the decline of nonpar banking in recent years. It 

notes that as late as 1964 nonpar banking was practiced by 1,547 banks in 

16 states with a heavy concentration in the mid-Northwestern and South¬ 

eastern regions of the country. By 1969 the number of nonpar banks had 

been reduced by approximately 50 percent from 1964 to 1967, it should be 

noted that five Southern states, Alabama, Florida, Georgia, Louisiana, and 

4Richard S. Wallace, "Nonpar Banking in Georgia: A Holdover Problem 

in a Developing State?" Southern Journal of Business, April 1968, p. 176. 

5"Non Par Banking: Near the End of an Era?" Monthly Review (Federal 

Reserve Bank of Minneapolis), May 1966, p.5. 

6George B. Vest, "The Collection System of the Federal Reserve 

Banks," Federal Reserve Bulletin, February 1940, p. 94. 

7Federal Reserve Bulletin, February 1972, p. A98. 
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TABLE 1. Nonpar banks classified by state, December 31, 1964, December 

31, 1969, and December 31, 1971. 

State Nonpar 

Number 

1964 

Percent 

Nonpar 

Number 

1969 

Percent 

Nonpar 

Number 

1971 

Percent 

Alabama 76 4.9 62 7.8 57 21.8 

Alaska 2 0.1 0 0 0 0 

Arkansas 96 6.2 72 9.1 64 24.4 

Florida 36 2.3 0 0 0 0 

Georgia 265 17.1 172 21.7 0 0 

Louisiana 98 6.4 98 12.4 90 34.4 

Minnesota 405 26.2 0 0 0 0 

Mississippi 128 8.3 92 11.6 0 0 

Missouri 47 3.1 0 0 0 0 

North Carolina 51 33.0 29 3.7 21 8.0 

North Dakota 98 6.3 91 11.5 0 0 

Oklahoma 2 0.1 0 0 0 0 

South Carolina 44 2.9 21 2.7 12 4.6 

South Dakota 104 6.7 88 11.1 0 0 

Tennessee 67 4.3 47 5.9 0 0 

Texas 28 1.8 20 2.5 18 6.8 

Total 1,547 100.0 792 100.0 262 100.0 

Sources: Federal Reserve Bulletin, February 1965, p. 325; March 

1970, p. 108; February 1972, p. A98. 

Mississippi, accounted for 53.5 percent of the total. These states ac¬ 

counted for only 39.0 percent of the total in 1964. 

Between 1969 and 1971 the number of nonpar banks in the country was 

reduced from 792 to 262, or by 66 percent, with only six states allowing 

banks to charge exchange for paying their own checks at the close of 1971 

(Table 1). The Alabama banks on the nonpar list on March 31, 1972 ac¬ 

counted for 21.8 percent of the remaining nonpar banks in the nation. 

When Alabama became a par state on June 30, 1972, the outmoded practice 

of nonpar banking existed only in Arkansas, Louisiana, North Carolina, 

South Carolina and Texas. 

Characteristics of Alabama's "Holdout" Nonpar Banks 

In a 1959 study of nonpar banks in North Carolina, Professor Clifton 

Kreps, Jr. found that nonpar banks in that state tended to be smaller 

than banks that remit at par and were located in small one-bank towns.8 

8Clifton H. Kreps, Jr., "Characteristics of Nonpar Banks: A Case 

Study," Southern Economic Journal, July 1959, p. 49. 
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The same conclusions can be reached for Alabama according to the distri¬ 

bution of Alabama's nonpar banks by deposit size as shown in Table 2. 

TABLE 2. Alabama nonpar banks classified by deposits, one bank towns, 

two bank towns, and towns with competing par and nonpar banks, March 31, 

1972. 

Deposits in 

Millions of Dollars 

(December 31, 1971) 

Nonpar 

Bank 

One Bank 

Town 

Two Bank 

Town 

Towns with Com¬ 

peting Par and 

Nonpar Banks 

1 - 3 8 7 1 0 

3-6 19 15 4 0 

6-10 14 12 2 0 

10 - 13 3 1 1 1 

13 - 16 4 2 1 1 

16 - 18 1 0 1 0 

Totals 49 37 10 2 

Sources: Alabama Nonpar List supplied by the Birmingham Branch of 

the Federal Reserve Bank of Atlanta and Southern Bankers Directory, Spe¬ 

cial Alabama Edition, 1972. 

It is noted that over half of the nonpar banks in Alabama had depos¬ 

its of less than $6 million at the end of 1971 and 37 were located in 

one-bank towns. Only two nonpar banks were found in towns that had one 

or more banks remitting at par. The pressure of competition from local 

par remitting banks tends to cause nonpar banks to also remit at par. 

However, the two banks in Alabama that operated in towns with competing par 

banks were relatively large when compared to other Alabama nonpar banks. 

Usually the only way a nonpar bank can compete in this type of market 

situation, particularly for larger accounts, is to agree to absorb the 

exchange charge on preferred customers. 

The Cost-Burden of Nonpar Banking 

Sufficient data are not available to make an actual comparison of 

the operating characteristics of Alabama par and nonpar banks. Since it 

has been pointed out that the structure of nonpar banking in Alabama did 

not differ significantly from that of other nonpar states, it should be 

useful to refer to a national study on nonpar banking made in 1964 by Paul 

F. Jessup9 for comparative operating characteristics. This study found 

nonpar banks to be more profitable than banks remitting at par despite 

9Paul F. Jessup, The Theory and Practice of Nonpar Banking. Evanston, 

Illinois. Northwestern University Press, 1967, p. 33. 
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the fact that Alabama nonpar banks carried a greater portion of their as¬ 

sets in nonearning assets. 

The greater profitability of nonpar banks in Alabama according to 

the Jessup study can be accounted for by the fact that they depend signif¬ 

icantly more on all other revenue (including exchange charges). The per¬ 

centage of total revenue received from these two sources in 1964 for par 

banks was 8.2 percent and for nonpar banks 10.8 percent. Exchange 

charges appear to have been a very important source of income to nonpar 

banks in Alabama. Some critics of nonpar banking allege that nonpar 

banks, because of their steady stream of income from exchange charges, 

are likely to hold a larger percentage of cash assets and be less progres¬ 

sive in meeting the legitimate borrowing needs of their communities. 

Kreps points out that "exchange income is an easier substitute for income 

that would otherwise have to be earned the hard way—through the more ef¬ 

ficient utilization of bank funds."1® 

It can be implied from the foregoing analysis that profitability is 

not the crucial question in nonpar banking discussions. Instead, the 

question is one of cost—cost to the customers, other banks, and commerci¬ 

al enterprises. 

The 1964 Jessup study indicated that all nonpar banks in the country 

received some 15 to 16 million dollars in exchange charges in that year.11 

This study goes on to demonstrate that to provide this additional revenue 

to nonpar banks it cost other banks and persons not only this 15 to 16 

million dollars, but an estimated additional 10 percent because of speci¬ 

al procedures required for clearing and billing a nonpar item. So the 

crucial questions seem to be: Is it morally right to levy exchange 

charges for which no service is rendered on other parties, and is it eco¬ 

nomically efficient to create additional cost in the nation's check 

clearing operation. 

Efforts to Eliminate Nonpar Banking 

The Jessup study in 1964 concluded that "there is no reason to ex¬ 

pect a rapid end to the practice of nonpar banking.” By 1970 when the 

original research for this study was undertaken, considerable progress 

had been made in eliminating nonpar banking, but at that time there was 

no indication that the legislature of Alabama would outlaw nonpar banking 

in the near future. We can only speculate about the reasons for the sud¬ 

den change. 

The Federal Reserve Board has long sought to have the antiquated 

practice of nonpar banking outlawed. One of the original purposes of the 

formation of the Federal Reserve was to avoid the indirect routing of 

checks and provide a more effective check clearing system without ex¬ 

change charges. Nonpar banking has thus thwarted one of the major goals 

10Kreps, p. 49. 

^Jessup, p. 33. 
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of the Federal Reserve for sixty years. 

In more recent years the Federal Reserve has increased its efforts 

to eliminate nonpar banking. In 1965 the Board of Governors of the Fed¬ 

eral Reserve System submitted to Congress legislative recommendations 

that would require all insured banks to pay at par all checks drawn upon 

them. At the very least, the Board recommended that the absorption of 

exchange charges by banks constitute the payment of interest, and this is 

unlawful under the act preventing the payment of interest on demand depos¬ 

its and would tend to discourage nonpar banking.12 

Although the American Bankers Association in 1964 endorsed the prin¬ 

ciple that all banks should clear checks at par. Congress failed to take 

action. Evidently seeing the handwriting on the wall, a ra6h of state 

legislatures have outlawed nonpar banking in recent years. In 1968 and 

1969, Minnesota, Mississippi, Florida, South Dakota, Georgia and Tennes¬ 

see all passed bills which eliminate nonpar banking. Suddenly in 1971 

the Alabama Legislature passed an act that ended nonpar banking in this 

state on June 30, 1972 and thus brought to a close an era of nonpar bank¬ 

ing in Alabama banking operations. Could it be that the ending of the 

era of nonpar banking in Alabama was related to the beginning of the mul¬ 

ti-bank holding company era in Alabama? 

The application for Alabama's first multi-bank holding company to be 

made up of the First National Bank of Montgomery, the Exchange Security 

Bank of Birmingham and the First National Bank of Huntsville was filed by 

Alabama Bancshares, Inc., on July 29, 1970.1 3 On April 20, 1971, in a 

five to two opinion, the Board of Governors of the Federal Reserve Board 

approved the application. It is significant to note part of the concur¬ 

ring statement of Governor Brimmer: 

While the matter did not enter into my consideration of 

the case (since it was not part of the official record), the 

approval of the application will have another salutary effect 

on the public interest: it will strike another blow against 

the undesirable practice of non-par banking. 

Alabama is one of the few States that still permits banks 

to pay checks other than at par. While two of Applicant's pro¬ 

posed subsidiaries pay checks at par, they absorb exchange 

charges and thus encourage the continuation of non-par banking. 

The two banks have agreed in writing to discontinue the absorp¬ 

tion of exchange charges within 90 days of approval of the ap¬ 

plication. While this was not before the board in its consid¬ 

eration of the application, I think it desirable to note public¬ 

ly this additional benefit which will accrue to the public from 

12Fifty-second Annual Report of the Board of Governors of the Fed¬ 

eral Reserve System, 1965. 

l3Federal Reserve Bulletin, May 1971, pp. 404-414. 
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approval of the application. 

It appears that Alabama Bancshares was of the opinion that its ap¬ 

plication to become a multi-bank holding company would be strengthened 

if assurance was given in writing that its subsidiaries would not con¬ 

tinue the practice of absorbing exchange charges which has the effect of 

encouraging nonpar banking. 

Central and State National Corporation of Alabama's application for 

the state's second nulti-bank holding company to be made up of Central 

Bank and Trust Company of Birmingham and State National Bank of Alabama 

of Decatur was approved on October 7, 1971. Again the Board in its opin¬ 

ion approving the application gave as one of the advantages of the hold¬ 

ing company the agreement of one of the subsidiary banks to "discontinue 

its absorption of exchange charges on items drawn on nonpar banks within 

90 days after approval"15 of the application. 

Legislators sponsoring the bill to outlaw nonpar banking in Alabama 

have expressed the desire not to reveal the names of the banks that urged 

the passage of the act. Representative James T. Waggoner of Jefferson 

County who is listed as sponsor of the bill points out that the Alabama 

Bankers Association did not take a position on the legislation, but that 

he was urged by a cross section of banks in the state to introduce the 

bill. Considering the large number of one-bank nonpar towns in the state, 

it is interesting to note that the act passed both houses without a no 

vote. 

Viewing the changing climate of commercial banking in Alabama, it is 

reasonable to assume that there is a relationship between the developing 

holding company movement in Alabama and the demise of nonpar banking in 

the state. In any event, the end of nonpar banking is a forward step as 

Alabama's banking system prepares to better serve the state's economy. 

14Andrew F. Brimmer, 

tin, May 1971, p. A12. 

"Concurring Statement," Federal Reserve Bulle- 

l^Federal Reserve Bulletin, October 1971, p. 86A. 
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RADIAL FLOW OF A NON-NEWTONIAN FLUID BETWEEN TWO POROUS DISKS 

M. S. Khader and R. I. Vachon 

Department of Mechanical Engineering 

Auburn University, Auburn, Alabama 

ABSTRACT 

A theoretical solution is given for the laminar flow of a non-New¬ 

tonian fluid between two porous circular parallel disks. The fluid un¬ 

der consideration is assumed to obey a model proposed by Rivlin [1]. 

The flow field is considered to result from either suction or injection 

at the boundaries of the two disks. The velocity, pressure and shear 

stress have been obtained and compared with the case of a Newtonian fluid. 

INTRODUCTION 

Recently there has been increased interest in the flow behavior of 

fluids which do not obey Newton's law of viscosity. A number of theo¬ 

retical and experimental models for the relationship between stress and 

rate of strain for various non-Newtonian fluids have been proposed. Each 

model is usually adequate for describing fluid properties in a certain 

restricted range. In this paper, a theoretical solution is given for la¬ 

minar flow of a non-Newtonian fluid between parallel porous circular 

disks where the fluid under consideration is assumed to obey a model pro¬ 

posed by Rivlin [1]. Mathematically the Constitutive Equation can be 

written as 

Tij P6ij + ylEij + y3EikEkj 

where is the stress tensor, P the hydrostatic pressure, p^ and pj are 

the coefficients of viscosity and cross-viscosity respectively, and 

Ji,j 
+ U 

j.i 
(2) 

where U^ is the velocity vector and a comma denotes covariant differenti¬ 

ation with respect to the symbol following it. 

A solution for the above model will therefore yield the important 

relationship between the suction or injection velocity at the boundaries 

and the pressure distribution for radial flow between two circular porous 

disks—a geometry often encountered in bearing design, radial diffusers, 

and cushioning. The flow between non-porous parallel disks with source 

flow at the center has been studied by several investigators for Newton¬ 

ian fluids [2-4]. Most of the solutions available were obtained either 

by neglecting the inertia terms in the equation of motion or by using a 

momentum-integral technique. Recently, Savage [5] obtained a solution by 

perturbing the creeping flow solution. In the case of porous disks 

Rasmussen [6] obtained a solution for the Newtonian case for large injec¬ 

tion or suction Reynolds' numbers. For non-Newtonian fluids and a porous 

boundary, nothing has been reported in the published literature for the 

present case. 
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ANALYSIS 

The analysis is limited to steady laminar, isothermal, symmetrical 

flow of non-Newtonian fluids of the type governed by Equation (1). The 

flow passage consists of two parallel circular porous disks. Figure 1. 

Flow results from either uniform suction or uniform injection through 

the disks. With these assumptions the basic equations become 

Continuity 

3u u _3w 

3r r 3z 
= 0 

Momentum 

/ ^u 
P (u ir~ + w 

3r 

3u. 

z' 

3Trr 3xrz Trr ~ T69 

3r 3z r 

3w 3w 

P(u 3? + w 3? 

3xrz 8tzz Trz 

3r + 3z + r 

(3) 

(4) 

(5) 

where the components of the rate of strain tensor are 

3u 
E = 2 „ , 
rr 3r 

E = 2 — 
96 r 

E „ = E„ =0 
r0 0z 

3u 3w 

^rz ~ 3z + 3r 
E = 2 — 
fizz 3z (6) 

The constitutive formula, Equation (1), then reads in matrix form 

z 

rnrnn h t) i n rrmTmTTTrrrrrn v. 

FIGURE 1. Geometrical configuration and coordinate system. 
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On the disks the axial velocity, w, is prescribed and the radial velocity 

u, is zero. Thus we have 

u(r,±t) = 0 

w(r,±t) = ±Vq 

(8) 

(9) 

For a constant injection velocity of magnitude Vq, a suitable choice of 

a stream function is 

ip (r,Y) = V0 r2 f(Y) (10) 

where Y = — 
t 

such that 

= _i. ii = Isll f' (y) 
rt 3Y t 

(ID 

w = - 7 If = "2v°f(Y) 

The boundary condition transforms to 

f'(±l) = 0 

f(±l) = ±H 

The non-dimensional quantities are defined 

Re T = ^3. 
t2 

(12) 

(13) 

(14) 

The Equations of motion (4) and (5) after substituting the stress compon 

ents. Equation (7), reduces to 

x(f'2 - 2ff") = - + _* f"' + T(f"2 - x (15) 
9x Re 
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4f f' = - —-^ f" + 2T(x2f "f" ' + 14f' f") 
3Y Re 

(16) 

Differentiating Equation (15) with respect to Y and Equation (16) with 

respect to x and subtracting the second from the first, one obtains the 

integrability condition as 

3_ 
9Y 

(2f f " 2Tf'f"1 +Tf"2) 4Tf"f'" 

Integrating, 

Re [2ff" - f'2 - T(f"2 + 2f'f"')] = -f"' + A (17) 

where A is an integration constant. 

Since equation (17) is nonlinear, it is very unlikely that an exact sol¬ 

ution satisfying the boundary conditions (13) and (14) can be found. 

We are therefore forced to consider methods for calculating approximate 

solutions which are obtained in the following section. 

SOLUTION 

Equation (17) represents the governing differential equation for 

the velocity. 

It appears that for small Reynolds number (Re<l), a solution can 

be obtained by treating Re as a perturbation parameter, Ames [7], Since 

non-Newtonian fluids obeying Equation (1) exhibit a relatively high 

kinematic viscosity, small Reynolds numbers are of practical interest. 

Expanding both f and A as a power series in Re as follows 

£ -2_, Re” f„ 

n=0 

and 

00 

A - ^ Re11 An 

n=0 

(18) 

(19) 

in which the fn's and A's are taken to be independent of Re. The 

boundary conditions (13; and (14) become 

fA (±1) =0 n = 0, 1, 2. (20) 

fQ (±1) = ±4, fn (±1) =0 n >_ 1 (21) 

Introducing Equations (18) and (19) into Equation (17) and equating the 

coefficient of like powers of Re on both sides, one obtains the follow¬ 

ing system of Equations. 
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fb" = -A0 (22) 

f'2 - 2f'f" + T(2f'f" 
0 0 0 0 0 - + fj2) = f;1 + A] (23) 

2f' f' - 2f f" - 2f"f 
0 1 0 1 0 1 + 2T(fq f Y + f'f'" + fJf"') = f^" + A2, 

etc. (2A) 

solutions of the above equations for the fn's and An's give 

f0 « A (3Y - Y3) (25) 

. 3 
A0 “ ~2 (26) 

f 1 = —A- [ (A2y - 22y 3 
1 160 1,1 7 7 

+ 3Y5 - j-) + T(12Y - 2AY3 + 12 Y5)] (27) 

A - 27 27 T 
Al 35 20 T 

(28) 

The higher order functions get smaller compared to the zero and first 
order functions. For example, the second order solution gives 

Al 
151 151 

5391 3080 
T 

_L 
which is approximately 27 of Aj. Therefore the first order perturba¬ 
tion will be considered sufficiently accurate especially with small 
Reynolds numbers. Hence the solution of Equation (17) 

f A (3Y - Y3) + [(A2y - 22y3 + 3Y5 - iZ.) + 
A 160 7 7 7 

T(12Y - 2AY3 + 12Y5)] (29) 

and A » 2 + 27 Re [_i - _Al] 
2 35 20 

(30) 

Velocity distribution 

The velocity components in both the radial and axial directions 
can be written now as 

u - V.X {2(1 - Y2) + [(12 - AAZy2 + 15Y4 - Y6) + 
0 A 160 7 7 

T(12 - 72Y2 + 60Y4)]} (31) 
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and w = -2V0{i(3Y - Y3) + [ (^yY - ^yY3 + 3Y5 - j~) + 

T(12Y - 24Y3 + 12Y5)]} (32) 

Pressure distribution 

The pressure distribution in the radial and axial directions can be 

found from Equation (15) as 

= x[2ff" - f'2 + |~ + T(f"2 " 2f'f’")] 

Using Equation (17), therefore 

(33) 

g = x(2Tf"2 - & 

Integration of the above Equation gives 

P = [2Tf"2 - A_] - g(Y) 
2 Re 

Substituting for P into Equation (16) leads to 

4ff' + f" - 28f’f" 
Re 

(34) 

(35) 

(36) 

Integration with respect to Y of Equation (36) between the limits Y and 

1 gives 

g(Y) = P + 2(f2 - 1) + i_ f» _ 14T f'2 (37) 
B ° 4 Re 

where P0 is the pressure at Y = 1; therefore, the pressure distribution 

can be found by substituting Equation (37) into P to read 

P = ^i[2Tf"2 - A_] - P 2(f2 - i) - f' + I4f'2 (38) 
2 Re 4 Re 

The pressure variation on either disks (i.e. at Y = 1) then will be given 

by 

P(x,l) = x2[Tf"(1)2 - -*-] - PQ (39) 
ZR© 

Shear stress at the wall 

The shear stress at the wall can be calculated from the following 

equation 

in 3u 
t ^8Y> 

y l 
p V rf"(±l) 

Y±1 

(40) 
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Equation (29) gives 

f"(l) 

Hence, the shear stress at wall is 

U1 v r[- — + (— + —) Re] 
~ 2 70 10 

(41) 

One can define a skin function coefficient at Y = 1 as 

(42) 

DISCUSSION 

Figures 2 and 3 show the graphs of the functions, f and f', for dif¬ 

ferent values of T and injection or suction Reynolds number of 0.5. The 

curves corresponding to T =0.0 are the case for flow of Newtonian fluids 

The effects of the cross viscosity term is noticeable in the velocity 

distribution as expected. In the injection case the cross viscosity re¬ 

tards the flow near the walls and accelerates the central portion, and 

the reverse happens for the suction case. Interestingly, the function f, 

consists of two separate parts. The first part is the solution for New¬ 

tonian fluids and the second part is the contribution of the cross viscos 

ity for the present case. The pressure at the wall has a parabolic dis¬ 

tribution in the radial direction and increases with the increase of T. 

Equation (42) represents the wall shear stress which is a straight line 

distribution in r direction. One notices that for high values of T the 

wall shear stress decreases in the case of injection and increases for 

suction. 

The above discussion shows that the behavior of a non-Newtonian 

fluid of the type governed by Equation (1) is completely different in 

character from Newtonian fluids under the same conditions of flow and con 

figuration. 
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Y 

FIGURE 2. A plot of the functions f and f' for suction Reynolds number 

of -0.5. 
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Y 

FIGURE 3. A plot of the functions f and f' for Injection Reynolds num¬ 

ber of 0.5. 
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THE OVERTON FARM 

James A. Norwood 

Tennessee Valley Authority 

This paper is an abstract of a more detailed study done by the au¬ 

thor while employed by the Tennessee Valley Authority as an Area Devel¬ 

opment Intern. 

The purpose of the original project was to provide a teaching tool 

for the social sciences and to enhance the usefulness and educational 

value of the Overton Farm as an outdoor educational center. 

While the purpose of most studies in geography is to describe and 

explain the world of the present, certain types of studies, like this 

one, focus primarily on the past. Diverse cultural processes have in¬ 

teracted with diverse environments through time, shaping and reshaping a 

variety of habits. William Morris Davis once said, "To look upon a land¬ 

scape . . . without any recognition of the labor expended in producing 

it ... is like visiting Rome in the ignorant belief that the Romans of 

today had no ancestors."1 Or as J. 0. M. Broek put it, "The here and 

now must be understood in the light of the past."2 Thus geography, al¬ 

though primarily concerned with arrangements in space, has a historical 

dimension. 

This study of the social and economic conditions of the Bear Creek 

Watershed Pioneers gives an insight into the present situation of its 

citizens. Four generations of Overtons have lived on the farm. Recently 

the land was sold to the Tennessee Valley Authority and was put under 

control of the Office of Tributary Area Development. 

Plans now are to generate interest among the several school dis¬ 

tricts in the Watershed to aid in the restoration of the Overton Farm so 

that it may be better used as an outdoor educational site. 

MIGRATION 

The movement into North Alabama before the War of 1812 was slow and 

painful. Routes of travel and transportation facilities were the most 

important factors in settlement.3 Safety from Indians, availability of 

drinking water, abundance of wildlife and building materials were the 

criteria for selecting a home site. Abner Overton found these necessities 

on a piece of land in a bend of Bear Creek. He and a friend from 

^oolridge, S. W. The Geographer as a Scientist. London, 1956, p. 

90. 

2Broek, Jan 0. M. Geography, Its Scope and Spirit. Charles E. Mer¬ 

rill Books, Inc., 1965, p. 27. 

3Davidson, Donald. The Tennessee Frontier to Secession. J. J. Lit¬ 

tle and Ives Company, Inc., New York, 1946, p. 287. 
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Virginia, Tom Pounders, traveled from Raleigh peddling a wagon load of 

tobacco. Abner's father, Aaron Overton, a Frenchman, had taught him the 

methods of producing good quality tobacco. After a successful crop Abner 

decided to move westward. He and Tom traveled with their tobacco and be¬ 

longings to the area that is now Hodges, Alabama. While camping near 

Hawkem Branch, Abner noticed the abundance of wild animals, tall trees, 

rich soil and fresh water. He scouted a few days and chose the site for 

his home, 160 acres of fertile land on Bear Creek. Tom Pounders contin¬ 

ued westward. Abner went north to a trading post at Tuscumbia and traded 

his tobacco for farm equipment and supplies. 

A few years later Abner met a young lady, Judy May. They were mar¬ 

ried about 1820. By 1830 Abner had constructed a 20 by 50-ft log cabin 

containing two rooms with a breezeway in the center, sometimes referred 

to as a "dog trot." This cabin is still standing along with a stable, 

two barns, a grain house, a tool shed, potato house, smoke house and com 

crib. 

ECONOMIC CONDITIONS 

The Overtons, like most pioneers of the area, were very dependent on 

com. It fed both family and livestock and was relatively easy to raise. 

Com was grown in all four major fields on the farm. The "upper field" 

always produced the best com, the "middle field" at times was used as a 

hog pasture, and the "fuller" and "bend" fields both were used to grow 

com. Each row of com had peas and beans planted with it. They would 

entwine among the com stalks thus eliminating the need for bean poles. 

Garden vegetables were grown between the rows of corn and peas. Tomatoes, 

potatoes, pumpkins and watermelons were the favorites. ** 

Around the edges of the corn fields near the creek were fruit trees. 

There were apples (Rusty coats, horse apples. Red June and Banana apples), 

and peaches (Alberta, Indian and clear seed).4 5 Peas, potatoes and fruits 

were dried and stored in the fruit house. This small structure had outer 

and inner walls, the space between being filled with ashes to provide 

enough insulation to prevent freezing during the winter months. 

Near the well in front of the house were two wild bee stands. They 

provided enough honey for the family, with plenty left over to sell. Oc¬ 

casionally, sugar cane was grown along the creek bottoms. When the cane 

was "right," Wayne Chamblee, a neighbor, would hitch mules to his portable 

sugar mill and press the cane for the Overtons, 

Abner was able to buy a few cows to provide milk. These cows were 

belled and allowed to roam freely and forage. Rail fences were construct¬ 

ed around the crops to keep cattle out. There were also hogs, tame and 

4Joseph Wheeler Overton, private interview held in Hodges, Alabama, 

July 9, 1971. 

5Mrs. E. L. Davis, private interview held in Vina, Alabama, July 15, 

1971. 
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wild. Swine were the most successful domestic animals in early days. 

They were allowed to roam freely through the nearby woods, living on nuts 

and various roots. 

The old smoke house on the Overton farm was well used. Abner, his 

son, Marion, and Marion's son, Dow, kept hams and bacon hanging in the 

smoke house. The children of Dow Overton, remember as many as sixteen 

hogs being slaughtered at one time.6 The Overtons had a special method 

of smoking meats. Hickory wood was blended with other woods, ignited and 

covered with cotton seed to keep the flames down. Then, ground red pep¬ 

per was strewn over the bed to keep insects and animals out. Strips of 

leatherwood bark were attached to the hams, and the other end of the bark 

was tied around a pole attached to the rafters. 

Fresh meat was also provided by wild deer, beaver and, in earlier 

years, bear. Deer were quite large, often weighing two hundred pounds. 

Among fowl were pigeons, turkeys, ducks, quail and doves. Mature wild 

turkeys dressed out at twenty-five pounds. The most plentiful animals 

were squirrels and rabbits. The family also obtained a great deal of 

fish from Bear Creek by use of fish traps. 

The kitchen was originally a separate building, but was connected to 

the main house in later years. Here the Overton ladies prepared meals on 

the huge rock fire place. The earliest utensils used were wooden but 

later, after the Cedar Creek furnace was built, iron pots and skillets 

were made available. 

Com was the basic food for the Overtons. It could be eaten on the 

cob, used for bread or creamed. At first there was apprehension about 

the Indian method of treating com with lye to remove the hard outer 

shell to make hominy. But, soon, "hog and hominy" was served often. 

Milk, honey or fruit could be added for flavor. Wheat was seldom used 

for bread. Although some wheat was grown, there was not enough to jus¬ 

tify a flour mill in the area. The price of flour often fluctuated and 

many simply refused to buy it when the price went up. The only time 

biscuits were served with a meal at the Overton's was Sunday morning 

breakfast.7 

Other than food for the family, corn was food for twenty to thirty 

head of cattle, mules, horses, sheep and hogs. The sheep produced wool 

to be sold, and enough was reserved to make socks and sweaters for every¬ 

one for winter. At the turn of the century, wool was shipped to Memphis 

to a factory that bought it for 30q a pound.8 

6Mrs. Arrie Overton West, private interview held at Hodges, Alabama, 

July 14, 1971. 

7Mrs. Sarah Overton Turberville, private interview held at Vina, 

Alabama, July 14, 1971. 

8Bedford Forrest Overton, private interview held at Hodges, Alabama, 

July 15, 1971. 
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There were few medical doctors in the early days; nearest to the 

Overton farm was Doctor Flippo at Hodges or Doctor Weatherford at Red 

Bay. Both rode horse-back to visit the sick. To supplement doctor's 

visits, Dow Overton sold patent medicines which he ordered from Chicago. 

These medicines included Japanese Oil for arthritis, Sasparilla for con¬ 

stipation and Sloan's Liniment for rheumatism. 

Although Dow Overton never used tobacco he continued growing, pro¬ 

cessing, and selling it as his father and grandfather had done. One acre 

of tobacco was grown per year. The dried com stalks and brush were 

piled in the tobacco patch and burned. The ashes were spread over the 

soil, thus adding potash. Tobacco seeds were planted in January, and 

while the plants grew they had to be wormed, suckered and topped. In 

early fall the brown leaves were stripped off, stemmed and twisted. Dow 

Overton sold the twists for 25c per pound. Money earned from tobacco 

sales went into the purchase of more land. Over 160 acres were bought 

from William Fuller with tobacco money. 

Like tobacco, furs also were a source of extra income. Beaver, mink 

and pole cat traps were set as far up Bear Creek as Pleasant Site. The 

hides were dressed, stretched, and tacked on the walls of the fruit house 

and com crib. Dow Overton had a market for squirrel tails at the F. C. 

Taylor Company in Chicago. 

Wool, hams and bacon, peas and apples were all sold or traded. The 

local farmers who hunted and fished along Bear Creek were the market for 

the medicines, tobacco, honey, fruit and hams. When the Illinois Central 

Railway was under construction Dow would load a wagon of meat, tobacco, 

fruit and medicines and peddle it to the railroad workers where they were 

camped. 

During the first half of the nineteenth century, a trip twice a year 

to Russellville was necessary to obtain supplies that could not be pro¬ 

duced on the farm. The families along Bear Creek would gather at a des¬ 

ignated time and place to travel together wagon train fashion. The trip 

would take an entire day. Everyone would go prepared to spend the night 

at the "camp house" in Russellville, and start back the next morning with 

their coal oil, matches, salt, coffee and flour. 

In 1967 the Marion Overtons enjoyed the convenience of a store and 

post office at Burleson only three miles away operated by Joel Parris and 

James P. Carr. 

SOCIAL CONDITIONS 

In the 1840's, after the separation of the northern and southern 

wings of the Methodist, Baptist and Presbyterian Churches, church member¬ 

ship leaped ahead. In Alabama, by 1860, the Baptists had 805 churches, 

the Methodists had 777, and the Presbyterians had 135.9 Revivals and 

9Brown, Virginia Pounds and Helen Morgan Akens. Alabama Heritage. 
Strode Publishers, Huntsville, Alabama, 1967, p. 130. 
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camp meetings were very popular. Hot debates would rage over creeds, 

baptism, missions and morals. Marion Overton was a Methodist, but his 

son, who was named after the firey Methodist circuit rider Lorenzo Dow, 

became a Baptist. The Overtons attended church at every opportunity. 

There was a Missionary Baptist Church at Holley Springs and a "hardshell" 

or Primitive Baptist Church at Macedonia. The original church became 

delapidated and was tom down in 1906. Dow Overton provided the materi¬ 

als for the new church to be built. 

As in all the Primitive Baptist Churches, the custom of foot-washing 

was practiced at Macedonia Church. The preacher stood on a rostrum. In 

front of him were two long, low benches about four feet apart parallel to 

the long axis of the room. On each of these sat a dozen people facing 

each other. Between them on the floor were six basins, one for each cou¬ 

ple. The rest of the benches faced the rostrum. After the sermon the 

footwashing would begin when the preacher said, "Only them that is fit 

subjects, been baptized all over and bom of the spirit, is invited to 

take part in this footwashin'. Jesus washed the feet of his disciples 

after the feast of the Passover an' he said, 'As I have done to you ye 

shall also do to each other.'"10 The congregation might then begin sing¬ 

ing a hymn such as, "How long, 0 savior, shall this bright hour delay?" 

With this all twelve people on the benches at the front would untie the 

left shoe of the person he faced. No one wore socks so it wasn't long 

until all feet were bared and washed. A towel was passed down. Then the 

preacher would invite everyone to change places and get ready for the 

next washing. This continued until all had washed each other's feet. 

Alabama did not have an effective public school system until after 

the Civil War.* 11 Macedonia Church served as the school room for the 

Overton children. From the farm there was a three mile walk to school 

and a crossing of Bear Creek by row boat. The children went to school in 

July, August and September of each year. There was not enough money a- 

vailable to keep the school operating the year round. Classes were di¬ 

vided into readers. Beginners were in the first reader, older ones were 

placed in the second reader and so on until the sixth reader. 

Four generations of Overtons lived on the farm. The last one was 

Bedford Forrest, who lived there until 1946, at which time he moved to a 

new home on nearby Alabama Highway 72. From that time until 1969 the 

farm was used solely for pasture, with the exception of a two-year period, 

1959-1960, when it was rented to Lit Vickerstaff. In 1969 TVA acquired 

the farm as a part of the Bear Creek Water Control Project but left the 

Overtons the right to continue to use the family cemetery. 

The Bear Creek Project, consisting of four reservoirs and limited 

channel imporvement, was planned and is being built by TVA as a part of 

10Carmer, Carl. Stars Fell on Alabama. New York, Hill and Wang, 

1934. 

11Franklin County Times. "Private Schools Taught Early Pioneer 

Children," September 24, 1931. 
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a cooperative area development program being jointly carried on by Bear 

Creek Watershed Association, a citizens' group; Bear Creek Development 

Authority, a state agency; and TVA. Responsibility for the areawide re¬ 

source development program lies with the Association. Administration and 

development of the four lakes and adjoining shoreline lands are the pri¬ 

mary concern of the Authority. TVA, in addition to building the project, 

provides both the Bear Creek organizations with technical assistance. 

Very early in the planning for the Bear Creek Reservoir unit of the 

project, the Overton farm was identified as a potential site for an Out¬ 

door Education Center. The farmstead and the cemetery, dating back be¬ 

fore the Civil War, were recognized as valuable teaching tools in the 

field of social studies. Other features such as a wide variety of plants 

and animals, a varied terrain, and lake frontage were noted for their 

potential in teaching the natural sciences. 

During the past two years the farm has been used by outdoor educa¬ 

tion classes from Florence State University for camping and field trip 

activities, including projects to improve and preserve the site. The 

Bear Creek organizations promoted a very successful three-day Outdoor 

Education Adventure attended by over 350 grade-school students and 

teachers representing 9 of the 11 school systems serving the area. Most 

recently the farm and nearby Hodges school served as the site for a one- 

week teacher outdoor education workshop. 

Understanding of, and appreciation for, the outdoor education con¬ 

cept are growing in the area. The next major step toward establishing a 

permanent outdoor education center on the site is the development of some 

type of formal cooperative arrangement among the participating school 

systems for financing and administering the center. 
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A CLOSER LOOK AT KEYNES 

Dorothy N. Sherling and E. D. Chastain* 

Economics Department 

Auburn University, Auburn, Alabama 

The term "Keynesian Economics" was introduced to all of us as a part 

of standard economic vocabulary in sophomore economics. However, it is 

doubtful that the full impact of Keynes' influence on economic theory 

and public policy is well understood or appreciated by many people in the 

world today. He has had, perhaps, greater influence on the material well¬ 

being of man than any other economist in more than a century. The pur¬ 

pose of this paper will be to take a closer look at Keynes—the man, his 

ideas, the period in which he wrote and taught—with some reflections as 

to the effect some of his predecessors had on his thinking. This will be 

followed by a look at some of the criticisms of Keynesian economics and 

an examination of the relevance of his theories for economic policies in 

contemporary life. 

KEYNES—THE MAN 

John Maynard Keynes was bom in Cambridge, England, the latter part 

of the nineteenth century—1883 to be exact. His father, John Neville 

Keynes, a distinguished economist himself, wrote proficiently in politi¬ 

cal economy and logic. His mother was also a person of remarkable abili¬ 

ty and took an active part in the political affairs of Cambridge. She 

was a justice of the peace, an alderman, and finally mayor of Cambridge 

in 1932, this last office held when she was quite advanced in years—a 

part of women's lib forty years ago! When Keynes was quite young, his 

parents realized that he possessed unusual abilities and gave him the 

best education England could offer. He went to Eton where he concentrated 

his studies on the classics, history, and especially mathematics. He 

then won a scholarship to King's College of Cambridge to study mathema¬ 

tics and the classics. He did much debating, reading, and competing for 

prizes. When his interest in math waned, he turned to economics studying 

under Alfred Marshall, considered by many to be the most brilliant of the 

economists of the period. Keynes' outstanding performances as a debator 

at Cambridge had a great deal to do with the development of the tremen¬ 

dous persuasive ability which he used in later years in winning students 

who were to help spread Keynesianism, in influencing Treasury official 

policy to an entirely new axis of thought, in his performance in the Bret- 

ton Woods debates on international monetary policy and in his presenta¬ 

tion of the British case for a United States loan. 

In 1906 he ranked second in the Civil Service exam; he got his worst 

mark in economics but this did not perturb him. He reportedly commented 

"The examiners presumably knew less than I did!" For his term of service 

he chose the India Office because he was interested in Indian currency 

which was the liveliest monetary issue of the time. During his two years 

*We acknowledge helpful reviews by R. W. Ritland, B. T. Lanham, and 

H. E. Steele with the usual reservations for any errors. 
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there he worked on his fellowship dissertation on Probability which 

gained him a prize fellowship at King's College. Marshall was very anx¬ 

ious to have him come back to Cambridge and paid him a hundred pounds a 

year out of his own pocket to supplement the fellowship. Keynes returned 

in 1908 and began lecturing on money. 

PROFESSIONAL ACTIVITIES 

It was about this time that one could begin to say of Keynes that he 

was not only a man of many talents but a man of many lives for in the 

years to follow he was a teacher, civil servant, writer, economist, ad¬ 

ministrator, editor, party worker, financier, theatrical manager, farmer, 

art and book collector—the amazing thing is that he excelled in each of 

these roles. E. A. G. Robinson's final appraisal of Keynes bears repeat¬ 

ing: 

I can with difficulty think of others who were nearly Keynes's 

equal in a fastidious forensic ability; of others who approached 

him in the power to clothe perfect clarity of thought in a per¬ 

fect choice of words; of others, again, who shared his mastery 

of technical and administrative necessities; of yet others who 

have grasped the fundamental economic problems of our age, if 

not so well, yet not very markedly less well. But no other man 

in our age has combined all these rare qualities so remarkably 

in one person. It was because he was all these things and more 

that Maynard Keynes was utterly unique.1 

Keynes' greatest influence was as a prolific writer, mainly on eco¬ 

nomic theory and policy, but he also found time to write some forty bio¬ 

graphical essays and numerous articles on non-economic problems. His ed¬ 

itorial work was also outstanding; in this area his major contribution 

was as editor of The Economic Journal in Great Britain. During a period 

of more than thirty years he raised it to the top journal of its kind in 

the world. Keynes realized early that if his theories were to be ac¬ 

cepted by governments he must first convince the economists. In his 

journals, as in his books, he presented his views to his critics as well 

as to his followers and used his journals to debate crucial issues of the 

day. He was also unique as a teacher. Except for the first few years, 

his lectures were few but stimulating; his greatest influence was through 

the Political Economy Club which Austin Robinson, one of his best pupils, 

later described as "fascinating but alarming." His effectiveness as a 

teacher could be explained in part because he was extremely fond of 

youth; he would take infinite trouble with the obtuse student, but would 

rarely show mercy to the giants of public life. Keynes' students, serv¬ 

ing as guinea pigs, repaid him, helped him clarify his thoughts, remove 

obscurities and errors in his Treatise on Money which prepared the way 

for The General Theory of Employment Interest and Money published in 1936. 

Keynes served in the British Treasury from 1915-1919 and was princi¬ 

pal representative of the Treasury at the Paris Peace Conference. He saw 

1E. A. G. Robinson, "John Maynard Keynes," The Economic Journal, 

March 1947, p. 68. 
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that the conference settled nothing but the inevitability of another di¬ 

saster and resigned in protest. His book which followed. The Economic 
Consequences of the Peace, stirred an international sensation by fore¬ 

telling the crisis to come. He returned to his teaching at Cambridge but 

at the same time,was also operating skillfully in the business world. He 

was named chairman of the National Mutual Life Assurance Company—it is 

said that, when he gave his annual reports to stockholders, the London 

Money Market suspended trading to hear his forecasts for interest rates 

in the years ahead. He was made a director of the Bank of England and 

served on numerous expert committees on National Debt and Taxation and, 

in the late twenties, on the famous Macmillan Committee. 

Probably his greatest achievement as an administrator was as Bursar 

at King's College. Here he applied a principle which dominated his think 

ing on public issues: it is sinful to hoard. He skillfully handled the 

college's investments and helped replan and rebuild Kingfe. Interested in 

literature he became a noted book collector—in fact, he had the world's 

finest collection of Newton's manuscripts. He was also extremely Inter¬ 

ested in the arts, was given trusteeship of the National Gallery, organ¬ 

ized London's Camargo Ballet and the Cambridge Arts Theatre, and later 

was asked to head Britain's Arts Council. 

He married Lydia Lopokova, a renowned star of the Russian Imperial 

Ballet, in 1925. His aged mother said that this was "the best thing 

Maynard ever did." His wife was blonde and buxom; Keynes was frail and 

stoop-shouldered, but she sacrificed her career to marry him and made a 

delightful home for him. Her high spirits and gay abandon—she was com¬ 

pletely unpredictable as to what she might do and especially what she 

might say—stimulated his own natural gaiety. In the years following hii 

serious heart attack in 1937 she was a tireless nurse and vigilant guard¬ 

ian against the pressures of the outside world. 

Keynes might best be described as candid. In debate, he was relent¬ 

less but he expected to be treated with equal candor. Keynes' critics 

have charged him with inconsistency and one can find examples where he 

sometimes changed his position almost overnight. However, serious stu¬ 

dents of his work will not endorse this statement; instead they claim th 

his views changed in the sense that they developed. Keynes, himself, wa 

never satisfied but always seeking to improve and correct. Unlike most 

professionals who establish a theory and spend their lives buttressing i 

and defending it against attack, he was very quick to adapt his theory t 

changes in the circumstances. Keynes' arguments and emphasis changed 

whenever the practical problems changed. He was interested in his anal¬ 

ysis insofar as it contributed effectively toward the solution of the 

problem at hand. Above all, he wanted to solve the problems of instabil 

ity and unemployment. He was frequently Impatient and would take a posi 

tion without adequate consideration but he was ordinarily ready to admit 

his mistakes. He felt that there was no harm in being sometimes wrong, 

particularly if "one is promptly found out." Probably because he was 

prematurely exposing his views, he advanced more than he otherwise would 

have for he could profit from the criticisms of others. In a sense he 

forced upon others the task of helping clarify his ideas, which in turn 

led to a further advancement of his theories. 

60 



Keynes 

First and foremost among economists who influenced Keynes were 

Jevons and Malthus. Keynes' biographers claim that his immediate pre¬ 

decessor, Marshall, also had far more influence than Keynes cared to ad¬ 

mit. Pigou, his Cambridge teacher and colleague, was probably the most 

frequent target for Keynes' assaults; the reason for this is perhaps be¬ 

cause Pigou was the outstanding neo-classicist in economics and through 

attacking Pigou he was striking at classical economics per se. Even 

though they violently disagreed, Pigou's appraisal of Keynes in the Cam¬ 

bridge Memoirs bears repeating, "He was, beyond doubt of challenge, the 

most interesting, the most influential and the most important economist 

of his time."2 There was scarcely an economist over a period of thirty 

years at Cambridge who failed to be influenced by Keynes; the list would 

include D. H. Robertson, Kahn, Joan Robinson, Harrod, Hicks, Kaldor, 

Lemer, and many others. His influence was also being felt in the United 

States—both in a direct and an indirect way. It is still being felt to¬ 

day . 

A man's accomplishments do not depend only on his mind but also upon 

his body. Keynes put an excessive strain on his body and unfortunately, 

despite the long lives of his parents, (they both survived him and both 

lived to an age beyond ninety), Keynes died at the age of 63. After his 

heart attack in 1937, he was urged to retire but he said that he would 

rather wear out than rust. Even if he had not been handicapped by a 

serious ailment, his accomplishments from 1937 until 1946 would have been 

unusual. During these years, he dominated British financial policy, was 

created Lord Keynes of Tilton in 1942, served as the chief architect of 

international monetary co-operation, almost single-handedly achieved the 

British Loan of 1946, continued to edit the Economic Journal as well as 

correct, amplify and defend his great book, The General Theory. 

CONTEMPORARY PERSPECTIVES 

Keynes, as we know, examined the economy in a larger or extended 

point of view—what is called today the "macroeconomic" view. His analy¬ 

sis was in terms of aggregates in the economy such as total output, total 

income, and total employment. He perceived that the primary goal of any 

economy was to achieve "full employment" and, by this, he meant not only 

full employment of the labor forces but of materials and machines as well. 

Keynes took issue with the classical economists who assumed that the 

economy was naturally regulated, and was always tending toward full em¬ 

ployment because of wage and price flexibility. He showed that the hard 

facts of history contradicted their claims. There had been previous per¬ 

iods of inflated prosperity and impoverished deflation, but the climax 

came during the depression of the 1930's. Unemployment skyrocketed and 

wages plummeted and the self-regulatory forces which should have brought 

the economy back to full-employment did not work. Keynes applied logic 

and historical example to show that the automatic stabilizers that the 

clasical economists depended upon could actually aggravate rather than 

2John Maynard Keynes, Essays in Biography as quoted in Seymour 

Harris, John Maynard Keynes, Economist and Policy Maker (New York, 

Charles Scribner's Sons, 1955), p. 10. 
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prevent a depression. The key to solving the problem, according to 

Keynes, was to maintain a high level of aggregate demand. This included 

demand for consumption and for investment, both private and public. He 

contended that, if private demand faltered, it was necessary for it to 

be revived and stimulated by government spending. The classical econo¬ 

mists had thought of the government, too, but in an entirely different 

manner. With their assumption of "full employment," they believed that 

government spending was at the expense of private spending. They con¬ 

tended that, in times of depression, the government should raise taxes 

and reduce spending in order to balance the budget. Keynes advocated a 

complete reversal of this and said that the only way to revive aggregate 

demand, during a severe depression, was for the government to cut taxes, 

reduce interest rates, spend heavily—"deficits be damned." 

Keynes simply realized that the hey-day of laissez-faire capitalism 

had passed. He was keenly aware that such things as unions, monopolies, 

and wage and price rigidities prevented any free enterprise economy from 

being self-regulated. He did not want to abolish capitalism with his 

strong pleas for government spending for he argued just as strongly that 

the government should not interfere with individual freedom in choosing 

jobs, in buying and selling goods, and in earning respectable profits. 

His argument ran as follows: the free economy can be relied upon to al¬ 

locate resources to the best advantage. It was the level of economic 

activity—determined by total spending, saving, and investment—that 

Keynes felt must be managed by government in the interest of the nation 

as a whole with the economy left free to respond to the decisions of in¬ 

dividual consumers and producers. Keynes firmly believed that individu¬ 

al freedom and social order can be and are consistent with each other 

within the framework of possible prosperity for all. 

There is ample evidence that what Keynes had to offer in The General 
Theory was of profound importance. The December 31, 1965, issue of Time 
magazine, in an article on the Keynesian influence, stated "It is an un¬ 

even and ill-organized book, as difficult as Deuteronomy and open to al¬ 

most as many interpretations. Yet for all its faults, it had more influ¬ 

ence in a shorter time than any other book ever written on economics, in¬ 

cluding Smith's The Wealth of Nations and Marx's Das Kapital."3 The per¬ 

sistence of the critics, both during his lifetime and since, also attest 

to this fact. Publications, discussions, and debates resulting from con¬ 

cern with his general theory or some particular aspect of it abounded im¬ 

mediately after The General Theory was published in 1936. They continue 

in great number today. Critics have claimed that many of his ideas were 

not original and that he simply bundled together many ideas of other 

economists into his general theory. This does not seem to be an import¬ 

ant issue in criticizing his work. It really does not matter who had the 

idea first but who was able to put the ideas into a general theory and, 

what is more important, put the "new" economies across. Other critics 

have argued that other economists of Keynes' time called for more or less 

the same policy recommendations as Keynes; the significant point, again, 

3"We Are All Keynesians Now," Time Magazine (December 31, 1965), p. 

66. 
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is that Keynes was the only one with the force of ideas persuasive 

enough to get governments to sit up and pay attention. Perhaps it was 

the climate of the times which made his ideas have such a revolutionary 

impact on economic thinking; nevertheless, credit should be given, even 

by his critics, to his forceful logic and his analysis of the economy at 

the time during which he wrote; it would appear "He was the right man at 

the right time." 

Critics also contend that Keynes' economics was a "depression" eco¬ 

nomics. Indeed, it is true, as noted, that he was writing at a time of 

severe depression and unemployment. However, Keynes could be better 

characterized as an anti-cyclical economist for he also made important 

contributions to anti-inflationary measures in the years 1919-1924, in 

significant passages in The General Theory, and in his last book, How to 
Pay for the War. Keynes gave birth to the idea of the inflationary gap 

and proposed measures to deal with it. He recommended not only relying 

on increases in voluntary savings and in taxation but proposed a bold 

and vigorous attack on inflation by a program of forced savings or de¬ 

ferred pay. 

Another weakness of the theory which the critics have attacked is 

that the Keynesian model is "too aggregative"—that it should contain 

more variables than it does. Still another general criticism is that the 

model is "too static." This may be taken as a criticism that the model 

cannot deal with dynamics of income changes in the short-run or that it 

is not applicable to analyzing the problems of growth in the long-run. 

Empirically, change of inventory investment has been found to be the 

largest single item in short-run fluctuations. Keynes limited the model 

to the short-run and assumed a given stock of capital. This assumption 

is reflected in his making output a function of employment only. This 

perhaps can be defended on the basis that changes in the stock of capi¬ 

tal, though taking place, are only very small in the short-run as annual 

net investment is a very small fraction of total capital stock. 

In addition to these general criticisms of the Keynesian model, ad¬ 

ditional criticisms have been leveled at specific parts of the general 

theory such as the consumption function hypothesis, the money and inter¬ 

est rate analysis, the failure to take into account the "real-balance" 

effect, his emphasis on expectations for investment decisions, his lack 

of emphasis on expectations in consumer expenditures--in fact, there is 

no part of the theory that some critic at one time or another has not at¬ 

tacked. 

Yet, with all deficiencies that are generally recognized, the Keynes¬ 

ian analysis still stands as the foundation of the macroeconomics of the 

past three decades. As Peterson states. The General Theory "has become 

the intellectual foundation of all modern employment theory."4 It has 

provided a useful point of departure in macroeconomic theory and has been 

the basis for most governmental analysis of economic conditions and fore- 

4Wallace C. Peterson, Income, Employment and Economic Growth (New 

York, W. W. Norton & Co., 1967), p. 106. 
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casts; this has been particularly true in the United States since 1961. 

With an emphasis on Keynesian economics, the record of the economy over 

the eight years of 1961-68 is unprecedented. There was a rise of GNP of 

70%; most of this represented real growth. More than 10 million jobs 

were added to civilian employment so that the unemployment rate was re¬ 

duced, during this period, from 6.8% to 3.3%. Even after adjusting for 

inflation, per capita income was one-third higher. After-tax profits of 

corporations ran more than double the rate of the first quarter of 1961. 

Skeptics of this prosperity might argue that, although the above was 

true, nothing much was done about income inequality and poverty, two 

vital issues of the sixties. This was unfounded criticism for here, too, 

progress was made. The number of Americans living below the poverty line 

declined by 18 million between 1961 and 1968. The unemployment rate for 

adult black males declined significantly—from 11.4% in the winter of 

1961 to 3.9% in late 1968. Despite the notable gains mentioned, there is 

the question of "what went wrong" in the economy to cause the fastest 

rate of inflation in seventeen years, the greatest weakness in the dollar 

since the years of the Great Depression, and the highest interest rates 

in the nation's history. The costs of the war in Vietnam and the large 

expenditures on the Great Society programs plus an Administration and a 

Congress that did not want to boost taxes constituted a partial answer. 

An underestimation of the strength of the boom was another factor. Per¬ 

haps, the most serious factor of all was overconfidence in the ability of 

economic policy to be able to reverse the situation quickly, if the need 

arose. "Economic oversteering" or too great an attempt to "fine tune" th< 

economy are the labels some economists use in describing what tarnished 

the "new" economics. 

Now to the question of the last three years — fiscal policy and mon¬ 

etary manipulations which have been the traditional tools for regulating 

the economy no longer seem to produce the predictable results. The econ¬ 

omy was burdened with a recession, with continuing inflation, and with 

rapidly rising enemployment in 1969 and 1970. Business recovery was 

still faltering in fiscal 1971 even with a $23 billion deficit in govern¬ 

ment spending. President Nixon's recommendation for 1972 for an even 

larger deficit to speed up the recovery has a very familiar Keynesian 

ring. The slow rate of recovery through 1971 suggests that additional 

fiscal policy stimulus will be of greatest value now rather than later. 

In 1971 the economy, though operating above the $1 trillion rate, was 

still far from hitting its full potential. The economy clearly has the 

ability currently to absorb strong fiscal stimulus without triggering a 

new round of demand inflation. 1972 can indeed be a different story than 

the year just past. It makes good economic sense, therefore, to put as 

much muscle as possible into government spending now rather than later. 

The goal of the administration is a $100 billion gain in GNP, a drop in 

the unemployment rate to around 5% by the year's end and an inflation 

rate of no more than 3*4%. The forecast for a more solid, broader-based 

expansion than last year's advance was noted by Herbert Stein, Chairman 

of the Council of Economic Advisors, when he predicted in late January,IS 

"sturdy, strong growth—certainly not a runaway boom." Whether the unem¬ 

ployment rate will go down to 5% is of course complicated by the fact 

that, as job openings expand, teen-agers, older workers and especially 

women enter the market as job-seekers. It is significant as Treasury 
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Secretary Connally reported recently that during the last six months of 

1971, an additional 1.1 million people were gainfully employed—but the 

unemployment percentage rate did not change even one-tenth of 1%. 

One of the prime criticisms of macroeconomists today is that the 

models used over-simplify our complex economic system. This was cited 

earlier and deserves serious consideration. There is really nothing 

wrong with the models in isolating important variables in the economy— 

the money supply, government spending, individual saving, etc.—to show 

how they affect expansion or contraction but, just as philosophy students 

are often reminded that the map is not the territory, the model is not 
the economy. The length of lags in an economic system the size of the 

U.S., the importance of expectations of consumers as well as businessmen, 

today's deeply imbedded inflationary psychology, and a world bound to¬ 

gether by jet transportation and instantaneous communication are some of 

the forces at work in the real economy which prevent one from saying with 

assurance that a given action will produce a specific result. It seems 

imperative in today's world to take a closer look at the motivations and 

behavior of individuals, unions, and firms. If macroeconomic models 

could incorporate micro-analysis enriched by interdisciplinary analysis 

of behavioral psychologists and sociologists, for example, perhaps more 

sophisticated thinking in areas such as union activities, family budget 

practices, and financial techniques of corporations would help to provide 

insight toward a rational reconstruction of macroeconomics. 

It has been noted that Keynes was the kind of restless, responsive 

intellectual who adjusted his theories to the changing world. He was al¬ 

ways re-examining his postulates, abandoning old ideas, incorporating 

new relationships in the gradual evolution of a more realistic and fruit¬ 

ful analysis. If he were alive today, no doubt The General Theory would 

not have been his last word. Instead, he would be striving for a new 

and better post-Keynesian theory with an aim at eliminating poverty and 

gross inequality of income distribution, and attempting to improve the 

quality of daily life. He would probably be amused at the attempts of 

economists to advocate continuing policies of the conservative Keynes and 

cheerfully set to work to change or discard his theories in favor of bet¬ 

ter substitutes. 

There should be a continuing challenge for all economists in the 

true spirit of scientific inquiry to constantly re-examine the basis of 

not only Keynes' theories but all existing theories and be zealous in 

continuing efforts to build analytical structures that are realistic and 

useful in guiding present day economic development. In the final analy¬ 

sis there seems to be a dilemma for economists which might be phrased as 

follows: today's solutions to yesterday's problems bring a different 

set of problems for solving for tommorrow's world. Just as Alice's cro¬ 

quet mallets kept turning into flamingoes in the familiar fairy-tale, 

answers for yesterday's economics keep turning into more questions for 

today's world. Is this the time for a new Keynes? 
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Analysis of Laminar Flow 

ANALYSIS OF LAMINAR FLOW BETWEEN TWO PARALLEL DISKS1 

M. S. Khader, Y. K. Gayed, and E. A. Hirst2 
Mechanical Engineering Department 

Tuskegee Institute, Tuskegee, Alabama 

ABSTRACT 

The laminar flow between two parallel disks is investigated theo¬ 
retically. Attention is restricted to the case of pure outflow for which 
an analytical solution is developed for the radial velocity profile and 
the pressure gradient in terms of Jacobian elliptic functions. 

The shape of the velocity profile at any radial station and the 
value of the pressure gradient at that station are functions of a single 
parameter, called e in this paper. In section 4 it is shown that e is 
a simple function of only two non-dimensional parameters, t/r and Re, 
where the first is the ratio of half the clearance between the two disks 
to the radial distance from the origin, and the second is the channel 
Reynolds number. It is also shown that the solution for all r is com¬ 
pletely determined by specifying the channel Reynolds number and the 
spacing between the two disks. 

Solutions are presented for the velocity profile, the local Reynolds 
number, the pressure gradient and the wall shear stress, all as functions 
of e. These functions are derived from the elliptic integral solution 
to the governing differential equation. 

The theoretical solution derived here is compared with the experi¬ 
mental results of Moller (1963) and the series solution of Peube (1963). 
The agreement in both cases is quite good. However, the solution devel¬ 
oped here is applicable over a wider range of pressure gradients and is 
much simpler than is Peube's solution. 

1. INTRODUCTION 

A solution for the axisymmetric creeping flow between two parallel 
disks (Figure 1), applicable for both convergent and divergent flows, 
was obtained by Licht and Fuller (1954). They specified the radial 
pressure distribution and then showed that the velocity profile was par¬ 
abolic. 

Livesy (1959) used the von-Karman momentum integral approach by in¬ 
tegrating the z-momentum equation across the gap between the two disks. 
Assuming a parabolic velocity distribution, the integral equation yielded 
the radial pressure gradient. His solution showed that the sign of the 

^he work reported here is based on an M.S. Thesis written by the 
first author. 

2 
Currently at Auburn University, Auburn, Alabama; Cairo University, 

Egypt; Oak Ridge National Laboratory, Tennessee, respectively. 
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pressure gradient was dependent on the relative magnitudes of the vis¬ 
cous and inertia terms in the momentum equation. The weakness in this 
solution lies in the fact that the velocity profile assumed is valid 
only for the case of creeping flow. 

Hagiwara (1962) studied the problem of boundary layer growth in the 
inlet section of a channel for divergent flow. His method also makes 
use of the momentum integral equation and the parabolic velocity distri¬ 
bution. Hagiwara's method has several shortcomings. First, it assumes 
an initial zero boundary layer thickness, although the central portion 
of the lower plate may more properly be regarded as a stagnation surface. 
Second, the velocity distribution at the inlet radius is assumed uniform, 
which ignores the effects of the bend. Third, assuming the velocity 
profile to be parabolic is valid only for very large radii. 

Peube (1963) retained the following terms in the equations of con¬ 
tinuity and momentum: 

where 

ilml + r 
3r 3z 

3u , 3u 1 3P , /ri2 u N 
3r 3z p 3r r2 

3w , dw i dr , 
u — + w -—  --— + vV^w 

3r 3z p 3z 
3w 1 3P 

(1) 

(2) 

(3) 

V2 i 
1 3 

3r2 
+ — 

r 3r Zz* 

Peube assumed series solutions for u, w, and P and found polynomial sol¬ 
utions for u and w. The solution for P included a leading logarithmic 
term. According to Peube's solution the z component of velocity, w, is 
very small relative to the r component, u. A comparison between Peube's 
series solution and the present closed form solution is given in section 
6. 

Moller (1963) extended Livesy's solution by using a two-term veloc¬ 
ity profile in the momentum equation. The first term in his profile was 
the usual creeping flow parable, while the second term took into account 
the lack of similarity in the velocity distribution. Unfortunately, 
Moller had to make several assumptions before he could obtain a solution 
for the pressure distribution. 

The method developed in this paper yields a closed form solution 
for the velocity profile in terms of the Jacobian elliptic functions. 
No assumptions need be made in this method concerning the pressure grad¬ 
ient and the velocity profile. Thus, the solution developed is exact. 
However, the solution is valid only for the region of pure outflow in 
which the streamlines are nearly parallel to the r-axis. 
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FIGURE 1. Geometrical configuration and coordinate system. 

2. PROBLEM STATEMENT 

The geometry considered and the cylindrical coordinate system used 
are shown in Figure 1. The flow is assumed to be pure outflow, i.e., in 
the direction of increasing r. In addition, the flow is taken to be 
laminar, incompressible, isothermal, and steady. Further, attention is 
restricted to the region in which the flow is very nearly parallel to 
the r-axis. Thus, the v and w components of velocity are neglected and 
the usual equations of continuity and momentum (equations 1, 2, 3) be¬ 
come: 

3u + ii 
3r r 

0 (4) 
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3u 
u 3r 

1_ _?P , r 32u 1_ 3ju 32u _ u_ 
p 3r V 3r2 r 3r 3z2 r2 

0 = - 1 IP 
p 3z 

Equation (4) can be immediately integrated to give: 

u = q f(s)/r 

(5) 

(6) 

(7) 

where q/r = a0 i the velocity at z = 0 and s = z/t. This arbitrary 
de: ■ ition c.f q serves to normalize f(s), the non-dimensional velocity, 
so that f(0) = 1. 

Substituting equations (6) and (/) into (5) yields: 

_ q2 fiM - - A dP + f^OO (8) 
r^ p dr t2 r 

which is an ordinary, non-homogeneous, non-linear differential equation 
of second order. The boundary conditions for equation (8) are: 

f(±l) = 0 (9) 

Physical considerations indicate that the solution will be symmetrical 
about s = 0. Hence the equation can be solved just for the region 
0 s 1 with the boundary conditions: 

f'(0) = 0 f(1) = 0 (10) 

Thus, th governing partial differential equations have been reduced 
to a single ordinary differential equation for f(s). Because the pres¬ 
sure gradient is a function of r, equation (8) has no general solution 
independent or r. However, one can obtain solutions for specified val¬ 
ues of r which yield different velocity profiles at different r stations 
through the channel. These profiles are then matched together at every 
station along the channel. This matching process is possible since q, 
in equation (7), is a function of r and can therefore be adjusted at 
each station o satisfy continuity. Finally, the pressure gradient is 
found at each station from the local velocity profile. 

The solution to equations (8) and (10) is developed in the next sec¬ 
tion and the matching process is carried out in section 4. The solution 
for the pressure gradient and the wall shear stress is developed in sec¬ 
tion 5. 

3. METHOD OF SOLUTION 

Multiplying equation (8) by f'(s) and integratin once yields: 

f'2(s) = - I (I)2(£) f3(s) + 2rtildPf(s) + f'2(1) (11) 
3 r v qv p dr 

74 



Analysis of Laminar Flow 

where the constant of integration has been eliminated by using the bound¬ 
ary condition, f(l) = 0. 

With 

e2 = I (I)2 i (12) 
3 r v 

and 

b = 2rti 1 dP (13) 
qv p dr 

equation (11) becomes: 

f ,2(s) = e2[-f3 + iyf + ^ f’2(D] 

= e2[(a1 - f)(f - a2)(f - a3)] (14) 

a1, a^, and a3 are the three roots of the cubic within the brackets of 
equation (14). They are defined by: 

al a2 a3 = ~ f’2(D 

+ a2a3 + a3ai 
(15) 

The three roots of a cubic are either all real, or one real and two 
complex conjugate. It can be shown (see Abroraowitz and Stegun, 1964) 
that, for 

T = -[ b ]3 + [ILO)]" 
3e2 e 

greater than zero there is only one real root. On the other hand, if T 
is less than or equal to zero all three roots are real. 

For ^ < 0, b is negative and T is always positive. Thus, for nega¬ 
tive pressure gradients there is only one real root. For positive pres¬ 
sure gradients such that 

1 rllOii4 
4 1 e 1 (16) 

T is positive and the cubic still has only one real root. If the pres¬ 
sure gradient is further increased the solution, with three real roots, 
oscillates between inflow and outflow, a condition which will not be dis¬ 
cussed here. Hence, attention is restricted to cases in which the pres¬ 
sure gradient satisfies equation (16) and the cubic has only one real 
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FIGURE 2. Velocity profile shapes: (a) cubic in equation (14) has one 
real root, at s “ 0; (b) cubic has three real roots. 

root, aj is taken to be the real root and, since f(0) » 1, al = 1. 
Then a2 and a3 are complex conjugates. 

The solution, with one real root, is sketched in Figure 2a. The 
single real root of the cubic must occur at s ”0, where f' *= o; see 
equations (10) and (14). The solution with three real roots is sketched 
in Figure 2b which clearly shows the regions of inflow. This backflow 
is a direct consequence of the three real roots which imply that f' = 0 
at three points across the gap. 

Formally Integrating equation (14) from f(s) to f(0) ■ 1 yields: 
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1 

es 

f (s) 

df_ 

(f -a2)( f a3> 

(17) 

The integral on the right hand side can be transformed, using 243.00, 
page 91 of Byrd and Friedman (1954), so that equation (17) becomes: 

es ,-l A - 1 + f 
A + 1 - f 

1 
k (18) 

where: 

A2 = (1 - a2)(1 - a3) 

and 

(19) 

(20) 

k is the modulus of the Jacobian elliptic function, cn. See Bowman 
(1953), Byrd and Friedman (1954), or Davis (1962). 

Inverting equation (18) yields 

A '+ “ cnfi/I es, k] (21) 

where the - sign has been dropped since cn(x) is an even function. Solv¬ 
ing for f(s) yields: 

f(s) 
1 - cn[i^ es, k] 

1 + cn[i/A es, k] 
(22) 

The boundary condition at s = 1 is used to establish the relation¬ 
ship between A and e. [Equation (22) already satisfies the boundary con¬ 
dition at s * 0.] Applying f(l) = 0 to equation (22) yields: 

A = 1 + cn[e/A, k] (23) 

1 - cn[ev^, k] 

which is a transcendental equation for e. The solution to equation (23) 
is obtained as follows. 

For a given value of A, k is determined from equation (20). Then 

y _■ is plotted versus ev^A / K, where K is the quarter period of the 

complete elliptic function of the first kind, i.e. 
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K 
d0 

A - k2sin20 

The intersections of this periodic curve with the line A = constant give 
the values of e/S/K and hence, the values of e corresponding to the giv¬ 
en value of A. 

The above procedure defines an infinite set of values for e for 
each value of A. However, physical constraints eliminate all but one 
value of e, thus providing a unique relationship between e and A, as ex¬ 
plained below. 

Equation (22) requires that f(1) = 0. Physically, the velocity can 
be zero only at the wall, which implies that f(s) * 0 only at s = 1. 

f(s) = 0 implies: 

0 1 - A 1 - cn[/A es, k] 

1 + cn [ fh es , k ] 

or 

cn[/A ens ± 4nK, k] = —-- 
A + 1 

(24) 

because cn is periodic with period 4nK. Inverting the second equation 

of (24) gives: 

±s 
.[A- k] 
La + i» + 

en SK 

4nK 

en/A 
(25) 

where en > e^j.. eo* 

The boundary condition at s = 1 requires that f(l) = 0, which must 
be true for any value of n. For n = 0: 

'jjrrr > kj = eD 

Substituting equation (26) into equation (25) gives: 

±s 

*41 

4nK 

en/A 

(26) 

(27) 

Equation (27) shows that, for n 4 0, f(s) will have a zero for s < 1, 
which is physically inadmissible. Hence ec is the unique value of e 
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corresponding to each value of A. 

Values of A, k, and e were found using a computerization of the a- 
bove technique and are presented in Table 1. Representative velocity 
profiles corresponding to different values of e are shown in Figure 3. 
The profiles show a point of inflection which is a direct result of the 
elliptic solution. Except for the case of e = 0.0, the profiles are 
definitely not parabolic. 

TABLE 1 

e A k f'(l) y e2 - f,2(l) 
y 

0.0 00 0.707 -2.0000 0.6662 -6.042 
0.0491 40.761 0.72 -1.9993 0.6662 -5.996 
0.0878 22.796 0.73 -1.9977 0.6662 -5.979 
0.1271 15.756 0.74 -1.9951 0.6662 -5.951 
0.1671 12.000 0.75 -1.9916 0.6659 -5.914 
0.2915 6.918 0.78 -1.9745 0.6646 -5.738 
0.4238 4.804 0.81 -1.9460 0.6623 -5.447 
0.4699 4.350 0.82 -1.9336 0.6613 -5.319 
0.5661 3.648 0.84 -1.9036 0.6589 -5.013 
0.6680 3.130 0.86 -1.8655 0.6558 -4.626 
0.7772 2.733 0.88 -1.8178 0.6518 -4.143 
0.8954 2.419 0.90 -1.7577 0.6467 -3.537 
1.0257 2.165 0.92 -1.6815 0.6402 -2.773 
1.1725 1.955 0.94 -1.5830 0.6315 -1.791 
1.3443 1.779 0.96 -1.4508 0.6195 -0.480 
1.5589 1.629 0.98 -1.2604 0.6015 1.399 
1.6955 1.562 0.99 -1.1252 0.5881 2.736 
1.8513 1.506 0.999 -0.9586 0.5709 4.394 
1.8715 1.500 0.99999 -0.9361 0.5685 4.619 
1.8718 1.488 1.00000 -0.9359 0.5685 4.621 

Equation (12) shows that, as e approaches zero the radius becomes 
infinite. Thus, for e = 0 the left hand side (inertia term) of equation 
(8) becomes zero and the equation reduces to: 

f"(s) 
rt2 _1 dP 
qv p dr 

The solution to this equation is the well-known parabolic velocity dis¬ 
tribution, valid for creeping flow. 

A. THE MATCHING PROCESS 

In the preceding section, the solution has been developed for the 
velocity profile, equation (22), in which both k and A can be considered 
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S = 
Z 

t 

FIGURE 3. Velocity profiles for different values of e: (a) e = 0.0; 
(b) 1.173; (c) 1.559; (d) 1.872. 

functions of e. Thus one can write f as f(s;e). In order to uniquely 
define the velocity profile at each station in the channel e must be de¬ 
termined as a function of radial position and flowrate through the chan¬ 
nel. The appropriate value of e is determined by matching solutions at 
different radii so that mass is conserved in the channel. 

The flowrate in the channel is: 

Q 4n rudz + constant (28) 
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which may be rewritten as: 

Q = 4ntq r 1 - cn(/X es, k) 
J 
0 

1 + cn(«^ es, k) 

(29) 

upon substitution of f(s) from equation (22) in equation (28). 

Using 124.02, page 24 of Byrd and Friedman, the integral in equa¬ 
tion (29) becomes: 

I 

where u 

2 

e»^ 

sn2u dn2u 

l] 
du 

This integral can be evaluated 
Byrd and Friedman (314.02, page 194 

using the table of integrals in 
and 321.02, page 198) as: 

I 

/Ke/2 

2E(U) + d-5(.u_) sn(u) 
cn(u) 

where E is the complete elliptic integral of the second kind. 

Then equation (29) becomes, upon substitution of equation (23) into 
the integral: 

Re (30) 

where Re = -7—*— is the channel Reynolds number, constant for each flow, 
q/v is a local number, a function of r. 

e is defined by equation (12) as: 

Then 

2 
3 (Vo1) r v 

a 
v 

3 
2 

or 

Re 1(E)V 
2 t t(e) 

(12) 

(31) 
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where 'l'(e) is the function within the square brackets on the right hand 
side of equation (30). 

Equation (31) shows that e is a function only of r/t and Re. Thus, 
for a particular flow (which defines Re), e can be evaluated at any sta¬ 
tion in the channel. This, in turn, allows the velocity profile to be 
determined at each station. 

With the tabulation of t given in Table 1, the solution for the ve¬ 
locity profile is completely specified. It now remains only to develop 
the expression for the pressure gradient as a function of r. 

5. DETERMINATION OF THE PRESSURE GRADIENT 

An expression for the pressure gradient can be derived from equation 
(11) by setting s = 0 in the equation and applying the conditions 
f(0) = 1 and f* (0) = 0. The final equation for dP is; 

dr 

if - ['2-£'2<1>] <32) 
Substituting Re from equation (30) into equation (32) gives the 

pressure gradient at any r-station: 

8irrt3 ldP e2 - f,2(l) 
Qv p dr T(e) (33) 

The non-dimensional pressure gradient [left hand side of equation (33)] 
depends only on e. Values of this parameter are given in Table 1. When 
e = f'(1) the pressure gradient is zero, as shown by equation (33). 
This occurs at a value of e = 1.40. For larger values of e, correspond¬ 
ing to smaller values of r, the pressure gradient is positive. Thus, 
for a typical flow, the pressure gradient is initially positive and be¬ 
comes negative as r. 

The wall shear stress can also be determined from the solution de¬ 
veloped here. The non-dimensional wall shear is: 

4urt2 Tw _ f'(1) 
Qv p f(e) 

(34) 

where: 

f’(l) = -2/A e fdn[^ e,k] 
Lsn[/A e,k]_ 

from equations (22) and (23). When e = 0, f’(1) = -2.00 which is the 
appropriate value for the parabolic velocity distribution. 

6. COMPARISON WITH PREVIOUS WORK 

Holler (1963) measured the pressure distribution between two parallel 
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circular disks 18" in diameter, spaced 0.03" apart, for Re = 0.54 x 105. 

Moller's measurements are compared with the theoretical distribution 

computed with the present method in Figure 4. Also shown is the pres¬ 

sure distribution calculated using Peube's series solution. For large 

values of r/D (where the pressure gradient is quite negative) the two 

theoretical curves provide excellent predictions of the actual data. 

For smaller radii, near the point where -gp = 0, the two theoretical so¬ 

lutions begin to diverge, with the present method providing more accu¬ 

rate predictions of the actual pressure distribution. 

FIGURE 4. Pressure gradient through the channel for Moller's experiment. 

Re = 0.54 x 105: x - experimental results;-elliptic solu¬ 

tion; ------ Peube's series solution. 
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Unfortunately, Moller presents no data for the positive pressure 
gradient regime. Hence, no comparisons are possible there. However, 
Peube's solution diverges for values of r/t less than 1.0 and this sug¬ 
gests that an increasing number of terms in the series is required as 
one approaches this limit. Peube recognized this and suggested that his 
pressure distribution series should not be used except at large radii, 
but no specific limit was given. 

Velocity profiles at three r-stations are shown in Figure 5. As r 
gets larger and the velocities smaller, the profile approaches the 
creeping flow parabolic distribution. Peube's series solution gives 
velocity profiles at the radii shown which agree with the present pro¬ 
files to within less than 0.1%. 

7. CONCLUSIONS 

It has been shown that the non-dimensional velocity profile, pres¬ 
sure gradient, qnd wall shear stress at any radial position in the chan¬ 
nel are functions of a single parameter, e, which depends on only two 
non-dimensional physical characteristics: the normalized radial posi- 

0 .2 .4 .6 .8 1.0 

S 

FIGURE 5. Velocity profiles at different radii. Re = 0.54 x 105: (a) 
r = 2"; (b) 4"; (c) 9”. 
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tion, r/t, and the channel Reynolds number. Re, 

The solution developed shows that the velocity profile is definite 
ly non-similar. It is, therefore, surprising to find such an elegant 
solution for this problem. It must, however, be kept in mind that this 
solution is valid only for the case of pure outflow where the stream¬ 
lines are nearly parallel to the disk, i.e. w/u << 1. 
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OCCUPATIONAL TRAINING IN TIMBER HARVESTING IN NORTH ALABAMA 

John H. Hinton, Jr. 

Forest and Upland wildlife Resources Branch 

Tennessee Valley Authority 

Muscle Shoals, Alabama 

INTRODUCTION 

Technology finally has appeared in timber harvesting. "Logging," 

a term that for years connoted "crosscut saws and axes," "oxen and 

mules," "rough and rowdy men," "forest destruction," etc., no longer ac¬ 

curately portrays current timber harvesting. This once drudgery occu¬ 

pation is on the threshold of becoming scientific in every aspect of its 

many phases—from severing the tree from its base to transporting it to 

the processing plant. 

This scientific approach has been brought about due to several fac¬ 

tors. First, fewer people in recent years have adopted woods work as a 

means of livelihood. Nearby plants and factories have attracted a con¬ 

siderable portion of the work force once available for logging. Conse¬ 

quently, industry has been forced to mechanize to provide the ever in¬ 

creasing volume of wood required by our expanding and affluent society. 

A second factor, and one that recently has surfaced, is a recogni¬ 

tion of the responsibility for protecting our forest environment. The 

value of water as a resource has been recognized for some time and water 

management has been applied to many forest watersheds. Now, considera¬ 

tion and protection must also be given to fauna, flora, and terrestrial 

life of the forest. 

A third factor, and one that constantly pressures environmental 

protection and mechanization development, is an ever increasing demand 

for wood products. Lumber, plywood, poles, railroad crossties, fiber, 

and chemicals are utilized in huge quantities. Consumption of paper and 

reconstituted wood products steadily increases each year. The U. S. 

Forest Service reported that wood harvested in 1962 totalled 11.5 bil¬ 

lion cubic feet. Five years later (1967) wood removal increased 16 per¬ 

cent to 13.3 billion cubic feet. More recently the Federal Government 

reported that 26 million new homes will be needed by 1978. A housing 

boom of this dimension could cause a 50 percent increase in demand for 

southern pine lumber—73 billion board feet as compared to 43 billion 

board feet in 1968! A 60 percent increase in the need for southern pine 

plywood would also result. 

The need for clothing, containers, newsprint, and other paper pro¬ 

ducts is expected to increase the South's production of pulpwood 100 

percent by 1985. Pulpwood is now a billion dollar business in the South. 

The Southern Forest Resource Analysis Report projects that by the 

year 2000 the South must produce more than half the nation's wood pro¬ 

ducts—an annual total of 13 billion cubic feet. This is a volume 2.3 

times as great as the region produces today! Harvesting this volume of 
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wood becomes a momentous undertaking. Coupled with a dwindling woods 

work-force and strict adherance to watershed and environmental values, 

such a job will require the best that our society can provide. 

TRAINING ACTIVITIES 

"Problems" create the environment for "opportunity." In this in¬ 

stance the opportunity is for new and exciting enterprises for those 

who like to work outdoors, have an affinity for mechanical equipment, 

and a sincere desire to enhance rather than destroy the forest resource 

and its related values. Qualifications for this type occupation are 

greatly enhanced when some formal training has been acquired prior to 

on-the-ground apprenticeship. To this end, several schools and training 

programs have been developed—which brings me to the subject of my 

paper, "Occupational Training in Timber Harvesting in North Alabama." 

Case number one is the "Timber Production and Harvesting" course 

offered at Northwestern Alabama State Junior College, near Phil Camp¬ 

bell in Franklin County. I have a personal and professional interest 

in this course since it was upon my suggestion that Dean Kenneth B. 

Taylor and President James A. Glasgow became interested in the idea and 

worked unceasingly with the expert assistance of Jim Altman of American 

Pulpwood Association to make the course a reality. Offered for the 

first time in the fall of 1968, the course was designed to train students 

for employment in forest industries, self-employment in timber harvest¬ 

ing, and forestry aids in various forest conservation fields. In addi¬ 

tion to forest production and harvesting, the curriculum provides for a 

well-rounded two-year college academic training in English, history, 

business, accounting, psychology, and mathematics. 

The Forest Production and Harvesting curriculum is patterned after 

"Forest Technology, a Suggested Two-year Post-High School Curriculum" 

prepared by the University of New Hampshire for the Office of Education. 

Training credits are not transferable to forestry schools. The course 

is terminal and upon satisfactory completion of all required subjects of 

study, students receive an associate in applied science degree in Forest 

Production and Harvesting. The first year of this program is designed, 

in general, to teach students appreciation for forest values and conser¬ 

vation, tree identification, forest terminology, forest production, re¬ 

forestation, stand improvement, and introduction to logging. The second 

year emphasizes more detailed training in timber harvesting skills and 

techniques, operation and maintainance of harvesting equipment, business 

aspects of logging (including requirements of workman's compensation 

laws, wage and hour laws, social security, safety, and other related 

factors). Students spend considerable class time on field assignments 

at actual operations. A land surveying course, which includes map read¬ 

ing and use of transits and compass, is required during the spring quar¬ 

ter. 

In additon to class training, students are required between the 

first and second year to complete three months of summer employment in 

the woods obtaining practical experience. Local forest industries and 

forest agencies are providing this employment. 
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The Northwest Alabama State Junior College's Forest Production and 

Harvesting curriculum is coordinated with local forest industries 

through a 13-man advisory committee composed of foresters, forest engi¬ 

neers, and executives of forest industries. They assure full coopera¬ 

tion in student training and employment of graduates. Local state and 

regional forestry agencies contribute to the program by providing lec¬ 

tures and conducting field trips. Local vocational agricultural teach¬ 

ers and high school counselors are helpful in recruiting students for 

the course. 

Demand for these students is good. Local pulp and paper interests 

have indicated potential use for all employable graduates produced at 

Northwest Alabama State Junior College. One local industry has need for 

80 trained wood producers. Indicated beginning salaries range upward 

from $6,000 per year. 

A second activity in north Alabama that is having a beneficial in¬ 

fluence on logging efficiency is the North Alabama Logging Equipment 

Demonstration. This "in-the-woods-show" of latest types and makes of 

power logging equipment was first staged in 1969. The activity was in¬ 

stigated by TVA and has been under the continuing assistance of local 

USFS, TVA, and State Forestry personnel. Its purpose is to provide the 

forest industry the opportunity to observe and compare new developments 

in logging equipment operating under local conditions. Demonstrations 

have all been located on tracts where a timber sale is underway so the 

equipment demonstrators will have plenty of trees and logs with which to 

work. Each equipment company is assigned a specific area alongside a 

woods road. The road is reserved for spectators. Attendance for three 

demonstrations to date has averaged 325. The number of equipment com¬ 

panies has averaged 18 and the average value of the equipment demonstrat¬ 

ed each year approaches a half-million dollars. This activity can be 

credited with substantial beneficial influence in upgrading logging ef¬ 

ficiency in north Alabama. 

A third training activity is a logging contractor training course 

offered at Alabama Agricultural and Mechanical University, Huntsville, 

Alabama, with co-sponsorship of the TVA and assistance from American 

Pulpwood-Champion Papers, Inc. This project tests and demonstrates a 

method of conducting on-the-job contractor training employing modern 

methods and systems of production to ensure a working understanding of 

new and sophisticated logging regulations, and forest conservation prac¬ 

tices. Special emphasis is made to attract trainees from minority 

groups. This program is offered to juniors, seniors, and persons recom¬ 

mended by forest products industries. The first class began with the 

University's 1972 summer session. Education and training activities 

consist of lectures, demonstrations, and on-the-job experiences. Work 

experineces and skill training occur on timbered sites provided by U. S. 

Plywood-Champion Papers, Inc. Their training program lasts 12 weeks. 

One period per day is devoted to group discussion led by a crew leader 

or guest instructor followed by 7 hours of on-the-job instruction. Up 

to 20 persons can be accepted as class participants in the summer. 
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SUMMARY 

Wood is being harvested faster and with more production per man-day 

than ever in the history of man. Logging is becoming a highly technical 

business requiring more skills, knowledge, and business ability than 

many of today's occupations. Gone are the days when anyone with a help¬ 

er, a saw, and an axe could go into the logging business. Tomorrow's 

logging operation will be a highly efficient enterprise headed by a man¬ 

ager with business and technical capabilities commensurate with the job. 

Assisting him will be a crew of five to eight men, each skilled in his 

particular function. They will be higher paid, will work under safer 

conditions, and for the most part will work in an air conditioned equip¬ 

ment cab. Capital investment for this business will run from 1/4 to 3/4 

million dollars. Equipment will consist of mobile tree shears that clip 

trees at ground level, lift them from stump and place them in an orderly 

position for transporting. Powerful rubber-tired skidders with grapples, 

controlled in an air conditioned cab, will snake several trees at one 

trip to a central landing. Here trees are limbed, topped, and the tree 

length logs are picked by hydraulic loaders and put on trailers pulled 

by heavy-duty tractors—rigs sufficiently large to transport in one load 

all the trees harvested on an entire acre. 

Such an operation is not the ultimate by any means. In order to 

provide even greater protection for the forest environment, helicopter 

logging is being developed in which the tree is lifted to the processing 

plant with no resultant damage to the forest floor. Also in development 

is the use of the laser ray, which silently severs the tree from the 

stump. Yes, the term "logging" is undergoing a drastic change of conno¬ 

tation from yesteryear. It is becoming a highly technical business re¬ 

quiring more skills, knowledge, and business ability. Loggers of tomor¬ 

row are going to be well trained professionals in their own right. 
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MARKETING HEALTH INFORMATION IN AMERICA 

Edgar Charles 

School of Community and Allied Health Resources 

Medical Center 

University of Alabama, Birmingham 

INTRODUCTION 

The proportion of the Gross National Product spent on health care 

increased from 4.6% in the 1949-50 fiscal year to 7.0% in the 1969-70 

fiscal year. Total expenditures on health increased from $12.1 billion 

to $67.2 billion—an increase of 555%. Per capita expenditures rose 

from $79.01 to $324.32.1 Allowing for the 224% increase in the index of 

medical care prices, expenditures in constant dollars rose by 331%.2 3 

During approximately the same period, 1950 to 1967, the number of 

people employed in health occupations more than doubled—1,682,800 to 

3,515,000 or 108.9% (Table 1). The number of physicians and dentists 

increased by 31%, the number of nurses by 138%, and allied health per¬ 

sonnel by 182%. In 1950 approximately 2.75% of the labor force was em¬ 

ployed in the health occupations, and by 1967 approximately 4.75% of 

the labor force was employed in the health occupations.^ 

Both of these measurements (expenditures on health and employment) 

of the allocation of resources in the American economy reveals a mass 

shift of funds and people into the health sector. However, aggregation 

measures of the quality of health, which is not necessarily a measure¬ 

ment of the quality of health care delivered, reveals only a moderate 

improvement in America's health. Between 1950 and 1967 the death rate 

per 1,000 of population decreased from only 9.6 to 9.4 (Table 2); the 

life expectancy of males increased from 65.6 to 67.0 and females from 

71.1 to 74.2 (Table 3). 

Although deaths and illness from specific disease where extraordi¬ 

nary medical advances have been made such as tuberculosis and poliomye¬ 

litis (Table 4) decreased, the American people are generally dissatis¬ 

fied with the delivery of health care in the United States. This dis¬ 

satisfaction takes basically two forms—complaints about accessibility 

and cost. 

Dorothy P. Rice and Barbara S. Cooper, "National Health Expendi¬ 

tures, 1929-70," Social Security Bulletin, Vol. 34, No. 1 (January 1971), 

p. 5. 

2Ronald Andersen and J. Joel May, "Factors Associated with the In¬ 

creasing Cost of Hospital Care," The Annals of the American Academy of 
Political and Social Science, Vol. 399 (January 1972), pp. 62-72. 

3U. S. Department of Commerce, Bureau of the Census, Statistical 
Abstract of the United States, 1970, p. 225. 
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TABLE 2. Death rates of population. 

Year Death rate per 1000 

1950 9.6 
1960 9.5 
1965 9.A 
1967 9.A 

Source: U. S. Department of Commerce, Bureau of the Census, Sta¬ 
tistical Abstract of the United States, 1970, p. 55. 

TABLE 3. Expectation of life at birth. 

Year Total Male Female 

1950 68.2 65.6 71.1 
1960 69. 7 66.6 73.1 
1965 70.2 66.8 73.7 
1967 70.5 67.0 7A.2 

Source: U. S. Department of Commerce, Bureau of the Census, Sta¬ 
tistical Abstract of the United States, 1970, p. 53. 

It is clear to most students of health in the United States that 
there is no assurance that additional funds or manpower will signifi¬ 
cantly improve the quality of health in the nation, for in the last 
twenty years Americans have been quite liberal in their allocations to 
the health sector. Various innovative approaches such as health main¬ 
tenance organizations and physician's assistants are undergoing experi¬ 
mentation to determine if an increase in productivity can be achieved 
by a partial reorganization of the health system. 

Even the most ardent exponents of such experiments realize that 
these developments will fall short of solving the greatest problem of 
health care in America today—the American people accept very little 
responsibility for their own health care and expect the medical commun¬ 
ity to provide complete care from cradle to grave. 

This paper provides a hypothesis of why the rapid expansion of 
funds and manpower into the health sector resulted in only a moderate 
improvement in the quality of America's health since 1950 and submits 
that "social marketing" has a very important role in future health 
systems. 
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TABLE A. Death rates from selected causes in each of four years. 

Deaths per 100,000 population1 

Causes of death 1950 1960 1965 1967 

All causes 963.8 95A.7 9A3.2 935.7 

Tuberculosis, all forms 22.5 6.1 A. 1 3.5 

Syphilis and its sequelae 5.0 1.6 1.3 1.2 

Meningococcal infections 0.6 0. A 0.5 0.3 

Acute poliomyelitis 1.3 0.1 (z) (z) 
Infectious hepatitis 0. A 0.5 0. A 0. A 

Other infective and parasitic diseases ; A. A 3.2 3.0 2.8 

Malignancies 139.8 1A9.2 153.5 157.2 

Asthma 2.9 3.0 2.3 2.1 

Diabetes mellitus 16.2 16.7 17.7 17.7 

Meningitis, except meningococcal and 

tuberculous 1.2 1.3 1.2 1.0 

Major cardiovascular-renal diseases 510.8 521.8 516.A 511.5 

Diseases of cardiovascular system A9A.A 515.1 510.9 506.5 

Vascular lesions affecting cen- 

tral nervous system 10A.0 108.0 103.7 102.2 

Diseases of heart 356.8 369.0 367.A 36A.5 

Rheumatic fever and chronic 

rheumatic heart disease 1A.8 10.3 8.0 7.2 

Arteriosclerotic heart disease. 

including coronary disease 213.0 275.6 288.6 289.7 
Nonrheumatic chronic endocard¬ 

itis and other myocaridal 

degeneration 56.5 31.8 27.A 26.6 

Other diseases of heart 15.9 1A.3 15.1 15.8 

Hypertensive heart disease 56.5 37.0 28.A 25.3 
Other hypertensive diseases 8.3 7.1 6.0 5.6 

General arteriosclerosis 20.A 20.0 19.7 19.0 
Other diseases of circulatory 

system A.9 11.0 1A. 1 15.1 
Chronic and unspecified nephritis 

and other renal sclerosis 16. A 6.7 5.5 5.0 

Influenza and pneumonia2 

Influenza A.A A.A 1.2 0.7 
Pneumonia2 26.9 32.9 30.8 28.0 

Bronchitis 2.0 2.A 3.0 3.2 
Ulcer of stomach and duodenum 5.5 6.3 5.A 5.0 
Hernia and intestinal obstruction 5.9 5.1 5.2 5.0 

(Table A continued, p. 9A) 
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TABLE 4. (Continued) 

Deaths per 100,000 population1 

Causes of death 1950 1960 1965 1967 

Inflammation of alimentary canal, ex- 

cept diarrhea of newborn 5. 1 4.4 4.1 3.8 

Cirrhosis of liver 9.2 11.3 12.8 14.1 

Inf lamination of bile ducts and gall 

bladder, including gall stones 3.9 2.6 2.4 2.2 

Acute nephritis and nephritis with 

edema including nephrosis 2.3 0.9 0.7 0.5 

Infections of kidney 2.1 4.3 5.1 4.6 

Hyperplasia of prostate 4.2 2.5 1.8 1.6 

Deliveries and complications of preg- 

nancy, childbirth, and the puerperium 2.0 0.9 0.6 0.5 

Congenital malformations 12.2 12.2 10. 1 8.8 

Certain diseases of early infancy 40.5 37.4 28.6 24.4 

Symptoms, senility, and ill-defined 

conditions 14.9 11.4 12.1 12.2 

Accidents 60.6 52.3 55.7 57.2 

Motor-vehicle accidents 23. 1 21.3 25.4 26. 7 

Non-motor-vehicle accidents 37.5 31.0 30.4 30.4 

Accidents in the home 16.0 13.4 12.4 12.0 

Other non-motor-vehicle accidents 21.5 17.6 17.9 18.5 

Suicide 11.4 10.6 11.1 10.8 

Homicide 5.3 4.7 5.5 6.8 

All other causes 40.3 44.3 47.6 48.8 

(z) Less than 0.05. 

^ased on resident population enumerated as of April 1 for 1950 

and 1960, and estimated as of July 1 for other years. 

2Except pneumonia of newborn. 

Source: U. S. Department of Commerce, Bureau of the Census, Sta¬ 
tistical Abstract of the United States, 1970, p. 58. 

SUBSTITUTION OF PROFESSIONAL CARE FOR PERSONAL RESPONSIBILITY 

Historically, the family unit took care of most of the family's med¬ 

ical problems with only an occasional random visit to a physician in e- 

mergencies or periods of extended or severe illness. Not so today; with 

the splintering of the family unit, advent of new cures or modes of pre¬ 

vention, widespread promises through the mass media of what modern med¬ 

icine can do, and increased affluence, dependence upon the health care 

team has dramatically expanded beyond either its present or future 
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capacity. Simply stated, the American public must assume a much great¬ 

er responsibility for the maintenance of their health and this necessi¬ 

tates a much broader knowledge of health practices. 

THE PUBLIC'S HEALTH KNOWLEDGE 

The most ambitious study about the public's knowledge of health is 

the 1955 (published in 1966) study by the National Opinion Research Cen 

ter.1* Approximately 2,900 adults were selected for interviews and usa¬ 

ble interviews were obtained from 2,379 individuals. The sampled popu¬ 

lation had a general awareness of commonly advertised medical advice. 

For example, two-thirds of the population could name at least one symp¬ 

tom of cancer, another two-thirds at least one of polio, and one-half a 

symptom of diabetes (8% could name four symptoms of cancer, 17% four of 

polio, and 6% four of diabetes).4 5 The relatively poor knowledge of dia 

betes by the public was attributed to the organization and extensive 

campaigns about cancer and polio. Jacob Feldman summarized this point 

with: "But information about cancer and polio is relatively hard to a- 

void unless a person virtually ignores the mass media."6 

Awareness of disease symptoms was found to be highly correlated 

with education. Less than one-half of the people with only a grade 

school education could name a symptom of each of the three diseases. 

Among college graduates five in six could recall a cancer symptom, sev¬ 

en in eight a symptom of polio, and two in three a symptom of diabetes. 

Table 5 shows the sources of information about cancer, diabetes, and 

polio. The majority of information received was from the popular news 

media and general talk with friends or relatives. Very little informa¬ 

tion about these diseases was disseminated by the medical profession. 

Since the population obtains the majority of health information 

from the mass media, the contents of these publications and programs 

should be examined. Smith, Trivax, Zuehlike, and Nghein monitored a 

commercial network television channel in Detroit during a typical 130- 

hour broadcast week.7 Health related messages used 7.2% of the time. 

The authors made the following comments about the messages: 

"Only 30 per cent of this health time offered useful infor¬ 

mation, and 70 per cent of the health material was inaccu¬ 

rate or misleading or both. Television programming did not 

use the educational capacity of the health professions to 

any notable extent... although some useful health information 

was offered, the major health problems such as heart disease. 

4Jacob J. Feldman, The Dissemination of Health Information, 
(Chicago: Aldine Publishing Company, 1966). 

5Ibid., pp. 90-95. 

6Ibid., p. 95. 

7The New England Journal of Medicine, March 9, 1972. pp. 516-520. 
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TABLE 5. Source of information about cancer, diabetes, and polio: per¬ 

cent of total sample. 

/ l of sample 

Source of Information Cancer Diabetes Polio 

Newspaper 22 6 33 

Magazines 24 7 18 

Books, pamphlets 18 5 12 

General reading 8 5 7 

Television 14 2 14 

Radio 12 2 13 

Special lectures, movies 3 0 1 

Voluntary agencies, campaigns, fund drives 7 0 5 

School, job, miscellaneous publicity 8 3 7 

Professional training or experience 

Respondent or a relative had or was sus- 

4 3 3 

pected of having the condition 

Friend, acquaintance, or neighbor had or 

13 18 7 

was suspected of having the condition 8 17 8 

Hearsay, general talk 16 13 16 

Doctor, nurse, clinic 9 5 7 

Don't remember; it's common knowledge; etc. 

Nowhere; don't have any information; don't 

3 6 4 

know anything about it 11 28 13 

Total1 

Average number of sources mentioned 

180 120 168 

by those claiming any knowledge 1.90 1.28 1.78 

Greater than 100% because of multiple answers. 

Source: Jacob J. Feldman, The Dissemination of Health Information, 
Chicago: Aldine Publishing Company, 1966, p. 95. 

cancer, stroke, accidents, hepatitis, maternal deaths, hunger, 

venereal disease, mental health, sex education, child care, 

lead poisoning, and family planning were virtually ignored dur¬ 

ing the television week."8 

During the 1970's, improvement in the quality of America's health 

will require a basic reshaping of fundamental health practices from a 

lack of knowledge about health maintenance and dependence upon health 

personnel to much greater personal knowledge of health and personal re¬ 

sponsibility for health maintenance. 

8Ibid., p. 516. 
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Obviously, previous efforts to improve the public's knowledge of 

health practices have not been adequate. Health educators and practi¬ 

tioners are becoming increasingly aware that the public's behavioral 

attitudes toward health practices must be drastically altered for 

health educational programs to have anything more than moderate success. 

The National Health Council recently addressed these problems with 

the following questions:9 

"Is basic research on methods of attitude change and behav¬ 

ior essential to help develop effective programs and mater¬ 

ials in the area of health education? 

Should an analysis of the development of health attitudes, 

behaviors, and beliefs in young children be accomplished to 

determine program structure for school and preschool child¬ 

ren? 

What is our current knowledge with respect to attitude and 

behavioral change and what immediate steps can be taken in 

health education that are in line with this knowledge?" 

These questions beg the answer to a much broader question: Is the 

present state of knowledge about behavioral change and mass communication 

adequate to permit the development of new programs in health education 

for the public? 

ROLE OF SOCIAL MARKETING IN HEALTH 

In recent years there has been an increased interest in the applica¬ 

tion of the managerial and accounting techniques of private enterprise to 

the public sector. This interest was emphasized by the July 1971 issue 

of the Journal of Marketing which was devoted to an examination of mar¬ 

keting's role in the processes of social and environmental change. 

"Social Marketing" was defined by Kotler and Zaltman as the "design, im¬ 

plementation, and control of programs calculated to influence the accep¬ 

tability of social ideas and involving considerations of product planning, 

pricing, communications, distribution and marketing research."10 Histor¬ 

ic examples of social marketing are: the Kate Smith Program to sell 

bonds during World War II, and programs sponsored by organizations such 

as the National Safety Council and the American Cancer Association. 

An early paper by Lazarsfeld and Mertor attempted to explain the 

9Discussion Guide for the 1972 National Health Forum, New Orleans, 

March 21-22, 1972. 

10Philip Kotler and Gerald Zaltman, "Social Marketing: An Approach 

to Planned Social Change," Journal of Marketing, Vol. 35 (July 1971), 

pp. 3-12. 
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limitations of social advertising.11 They argued that commercial adver¬ 

tising is effective because the process is one of canalizing existing 

attitudes and behavioral patterns in one direction or another, for exam¬ 

ple, to a particular brand of soap. However, social advertising is much 

more difficult because existing attitudes and behavioral patterns must 

be modified. Kotler and Zaltman accept this idea but also argue that 

many business marketing situations also involve the task of reshaping 

basic attitudes rather than only canalizing existing ones "...business 

marketers like social marketers, often try to diffuse fundamentally new 

products and services which require major attitudinal reorientations."12 

CONCLUSIONS 

The argument whether or not existing marketing techniques can sig¬ 

nificantly alter attitudes toward health by behavioral modification is 

far from settled. But recognition of the potential impact that "social 

marketing" may have upon the health knowledge of the American people de¬ 

mands immediate .experimentation. This experimentation must follow a 

totally new approach by recognizing the cause of past failures in health 

education. Successful programs in public health education will require 

the combined efforts of health educators, social workers, physicians, and 

psychologists. 

^Paul F. Lazarsfeld and Robert K. Mertor, "Mass Communication, 

Popular Taste, and Organized Social Action," in Mass Corrmmiaations, 

William Schramm, ed. (Urbana, Ill.: University of Illinois Press, 1949), 

pp. 459-480. 

12Kotler and Zaltman. 
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PERSONALITY CHARACTERISTICS OF STUDENTS IN FAMILY COUNSELING: 

A PILOT STUDY 

Henry E. White, Jr. 

Samford University 

Birmingham, Alabama 

INTRODUCTION 

Certain theorists have suggested that youth choose their vocations 

in large part due to influences of the socialization process. For exam¬ 

ple, one writer (Roe, 1956) has hypothesized that basic human needs and 

early family experiences of acceptance, avoidance, and emotional concen¬ 

tration determine interest in various occupations. Roe has further in¬ 

dicated that occupational interest clusters in terms of major orienta¬ 

tions toward people and objects, and that early life experiences of the 

individual direct him toward one of the occupational clusters. 

Another writer (Bordin, 1955) feels that vocational interests are 

by-products of personality traits and self concepts. 

Borow (1964) has asserted that the primary and secondary groups of 

the individual furnish him with self identity and from those groups he 

selects his several life roles. In turn his "vocational decisions may 

represent only a partly understood 'search' for psychological environ¬ 

ments which are harmonious with his personal orientations." Youth at¬ 

tempt to conform occupational choice with an image of self which is to a 

large extent formed through interaction with "significant others." 

One of the most thorough theories of occupational choice was formu¬ 

lated by Super (1951). According to his theory, the life's work a per¬ 

son entered hinges on parental socio-economic level, ability, personality 

and opportunity. 

These theories emphasize the importance of personality traits deter¬ 

mining the choice of occupation; personality characteristics are largely 

developed through the quality and quantity of socialization experiences. 

If these theories are valid it can be logically assumed that college stu¬ 

dents who are preparing themselves for a vocation of family counseling 

would have personality traits which would emotionally and socially sup¬ 

port such an occupation. Family counseling is a person-centered vocation 

and the person who enters such a field would need to be person-centered; 

that is, he would need to be extroverted, warm, and concerned with people 

Students with these kinds of characteristics would more probably choose 

counseling as an occupation. 

In this study an effort is made to add empirical evidence to general 

knowledge by describing the personality traits of college students who 

are preparing themselves for work in the field of marriage and family 

counseling. 
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METHODS AND DATA COLLECTION 

On January 5, 1971, Form C of the P. F. Test1 was administered to 

twelve male undergraduate students enrolled in Sociology J 303, "The 

Theory and Practice of Marriage Counseling," at Samford University, 

Birmingham, Alabama. All of the males taking the test were studying in 

preparation for the ministry and expected to be extensively involved 

with marriage and family counseling. The tests were scored and a mean 

computed for the raw scores for each of the sixteen personality factors. 

From the Institute for Personality and Ability Testing, standard 

scores were obtained for a normal sample of 580 college males. The mean 

for each personality factor from the counseling class sample was compared 

with the mean for each personality factor from the large normal sample. 

The null hypothesis tested was: there is no difference in personality 

characteristics of male college students choosing counseling as a voca¬ 

tion and personality characteristics of male college students in general. 

Difference of means tests (t test) were computed on each of the 

sixteen personality factors to ascertain whether a significant difference 

existed between the two samples. The 0.05 level of significance was 

utilized for the tests. The percentage of increase, based on raw scores, 

was computed for seven of the significant variances between the two sam¬ 

ples. The percentage of increase on the eight factor (forthright vs. 

shrewd), for which there was computed a significant difference on the raw 

scores, was considered extremely small. 

Two methodological problems are recognized which affect the inter¬ 

pretation of these data. First, the experimental sample is extremely 

small, consisting of only twelve respondents. Because of its smallness 

the assumption of normal distribution can not be made; therefore, strong 

inferences cannot be made to the population of marriage counselers. The 

sample does give, however, descriptive data of one micro-group of stu¬ 

dents vocationally interested in counseling. 

A second problem concerning the sample evolves around the ministeri¬ 

al characteristic of the respondents; all twelve male students were study¬ 

ing in preparation for the ministry. Any differences found in the pro¬ 

files of the two groups may reflect the ministerial element and not the 

interests in family counseling. On this point, however, the assumption 

is made that these students are atypical of the denomination to which 

they belong in that they have a much stronger affinity toward counseling 

and that their personality characteristics are more similar to counselors 

than "preachers." This assumption is made on the basis of the selection 

of the marriage course by the respondents as an elective and attitudes ex¬ 

pressed in class. 

JThis test was designed to measure the major dimensions of human per¬ 

sonality comprehensively in young adults and adults from 16 or 17 years 

to late maturity. The test was ordered from the Institute for Personali¬ 

ty and Ability Testing, 1602 Coronado Drive, Champaign, Illinois 61820. 
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RESULTS 

The mean raw scores from the specified and normal samples were trans¬ 

lated into standard scores and plotted on an evaluational sheet. Figure 1 

illustrates the personality characteristics of each sample. 

Low score 

desciption 123 

Reserved 

Less 

intelligent 

Affected by 

feelings 

Humble 

Sober 

Expedient 

Shy 

Tough-minded 

Trusting 

Practical 

Forthright 

Self-assured 

Conservative 

Group- 

dependent 

Undisciplined 

self-conflict 

Relaxed 

4 5 6 7 8 9 10 
High score 

description 

Outgoing 

More 

intelligent 

Emotionally 

stable 

Assertive 

Happy-go-lucky 

Conscientious 

Venturesome 

Tender-minded 

Suspicious 

Imaginative 

Shrewd 

Apprehensive 

Experimenting 

Self- 

sufficient 

Controlled 

Tense 

FIGURE 1. Profile of mean standard scores for sixteen personality traits. 

(----) indicates male general college students, large sample, 580 stu¬ 

dents; (-) indicates male counseling students, small sample, 12 stu¬ 

dents at Samford University. 

101 



Journal of the Alabama Academy of Science 

As the raw scores were analyzed, significant differences were found 

between the samples on eight of the sixteen personality factors. The 

counseling students were 40% more outgoing or socially extroverted than 

the general college students; i.e., the counseling students were more 

person-centered. 

Humility and submissiveness were more characteristic of the small 

sample. The scores show that the counseling students were 33.3% more sub¬ 

missive and accomodating than the general college students. 

The counseling sample was 16.6% more conscientious; in contrast, the 

general college males were more inclined to be expedient and to disregard 

rules. A 16.6% increase in venturesomeness and being socially uninhib¬ 

ited was observed in the counseling students over the general college 

males. The larger normal sample was more shy, restrained, and timid. 

The raw scores further indicated that forthrightness, unpretentious¬ 

ness and naturalness were more characteristic of the students enrolled in 

the counseling class, even though the standard scores were the same. The 

larger sample was more shrewd and calculating. 

The twelve male students in the counseling class were 33.3% less 

liberal and more conservative than the large sample of males. Group ad- 

herance was possessed more by the small sample; the twelve students were 

20.0% less self sufficient than the general college males. Group depend¬ 

ent persons would tend to go with the group and be more extroverted. 

A 40.0% increase in self control was noted in the counseling stu¬ 

dents. This higher degree of self control would indicate that the coun¬ 

seling students show more consideration of others and would have a higher 

regard for etiquette and social reputation. 

CONCLUSIONS 

These empirical data suggest that the male students in the experi¬ 

mental sample who were interested in marriage and family counseling as a 

vocation differed significantly from a large normal sample of college 

males in the personality characteristics of extroversion (out going), sub¬ 

missiveness, conscientiousness, social uninhibitedness, forthrightness, 

conservatism, group dependence, and self-control. 

No directional relationship has been established (i.e., that an ex¬ 

troverted personality "causes" a person to choose counseling—it could be 

that an interest in counseling "causes" an extroverted personality). It 

would seem logical to the researcher, however, that the time order of the 

relationship might be in both directions; that is, there would seem to be 

a cyclic functional relationship between personality traits and occupa¬ 

tion. Personality characteristics such as out-going, accomodating, sen¬ 

sitive and group-dependent, would not only influence the individual to 

select counseling as a vocation, but in turn would help him to be a suc¬ 

cessful therapist, since he would possess traits which would help the 

counselor to initiate and maintain meaningful, accepting relationship 

with his clients. 

102 



Personality Characteristics 

REFERENCES 

Bordin, E. S. Psychological Counseling. New York: Appleton-Century- 

Crofts, Inc., 1955. 

Borow, Henry. "An Integral View of Occupational Theory and Research." 

In Henry Borow (ed.) Man in a World of Work. Boston: Houghton 

Mifflin Company, 1964. 

Roe, Anna. The Psychology of Occupations. New York: Wiley, 1956. 

Super, D. E. "Vocational Adjustment: Implementing a Self Concept." 

Occupations, 1951, vol. 30, pp. 88-92. 

103 



Journal of the Alabama Academy of Science 

APPLICAHON OF A DYNAMIC SIMULATION MODEL TO SOCIOECONOMIC 

IMPACT ANALYSIS: A CASE STUDY 

Carl C. Moore 

Director, Business Resources Center 

University of South Alabama, Mobile 

The development of widespread use of the computer in recent years 

has placed many new tools in the hands of the economic researcher. One of 

the new techniques now gaining widespread acceptance in many fields is 

the simulation of a dynamic system through the use of a mathematical 

model. 

The use of simulation in the area of business and economic analysis 

is a fairly recent development. The technique emerged as a major tool 

when digital computers came into use in the mid-1950's. Prior to the 

introduction of the digital computer, simulation techniques were of lit¬ 

tle use in economic analysis due to the volume of computations required 

by simulation models of practical interest. Developments in both hard¬ 

ware and software for computers now make it feasible to attempt simula¬ 

tion models of increasing complexity. 

As the term is used in business and economics, simulation refers to 

the operation of a numerical model that represents the structure of a dy¬ 

namic process. Given the values of initial conditions, parameters, and 

exogenous variables a simulation is run to represent the behavior of the 

process over time. In the simulation run, the model starts with a set 

of variables which describes the state of the system at the beginning 

point in time. The interaction of these variables together with any ex¬ 

ogenous inputs generate the behavior of the system during the time in¬ 

terval and the ending value of the variables describe the state of the 

system at the end of the time interval. This process is repeated until 

the desired length of time has been represented.1 Thus a simulation mod¬ 

el can be used to represent a system at one point in time or to project 

the system over a period of time. The ability of a simulation model to 

project a system over time enables the researcher to use simulation as a 

tool in measuring the change in a system caused by industrial impact; 

that is, the model could be adapted to simulate the changes brought about 

by an industry moving into or out of an area. 

Hie basic approach in using the model simulation technique for im¬ 

pact analysis is to first simulate the current socioeconomic conditions 

of an area and project these conditions for a 10 to 15 year period. 

Next, changes in the demographic and economic variables caused by the 

impact are fed into the model to project the result of the impact on the 

area. Comparison and analysis of the simulation runs produces a measure 

of the industrial impact on the demographic and economic variables. 

The purpose of this paper is to examine the application of a speci¬ 

fic simulation model to an actual case of negative economic impact. The 

basic framework for the model used in this study was developed by Bat- 

telle Memorial Institute, Columbus, Ohio. The Battelle model was modi¬ 

fied and expanded by the author to meet the needs of the problem under 
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study.2 In order to provide the reader with a general description of 

the model for purposes of following the case study, a brief overview of 

the model is presented below. Readers interested in a detailed descrip¬ 

tion should consult the listings at the end of this paper.3 

THE MODEL 

The simulation model used in this study is modular in nature, that 

is, it is composed of many sectors which include variables and formula¬ 

tions related to the same general topic. These model sectors are nor¬ 

mally tied to one another with relatively few interconnections or feed¬ 

backs. Therefore it is relatively easy to remove a sector, expand or 

modify it, and return it to the main model without a major overhaul. 

This is a very useful feature for making the modifications necessary to 

reflect the variable changes created by the economic impact. 

The model has two primary divisions as seen in Figure 1. First the 

model is divided into the demographic and employment sectors. Second, 

the demographic and employment sectors are then broken down into subsec¬ 

tors—births, migration, wages, etc. The demographic sector performs 

two major functions within the model. First, it accounts for the chang¬ 

ing size and structure of the population and, second, it generates the 

supply of labor to the employment sector. The demographic variables are 

computed by age groups and race in order to account for the differences 

in birth, death, and migration rates that are found in the age and race 

categories. 

The demographic sector in Figure 1 indicates that only three fac¬ 

tors, births, deaths, and migration, are involved in population change. 

The demographic sector starts with a base population (in this study the 

model has 1960 Bureau of Census population data as a base), and then 

changes in births, deaths, and migration create changes in population 

over time. People enter an age class either by aging from the previous 

category or by in-migrating. People leave the age class by aging, dying, 

or out-migrating. 

The rates for births, deaths, and net migration were trended over 

the forecast period in accordance with regional trends. This feature 

provides the researcher with the means to study changes in the demo¬ 

graphic variables. The demographic factor with the greatest potential 

for changing population over time is migration. An area's population 

might grow by 2 to 3 percent per year due to births and deaths. In or 

out-migration, however, can cause a much more dramatic effect on an 

area's population. 

While the effect of migration is very important in the demographic 

sector, the computation of the migration equations for the model was the 

most difficult task encountered in that sector. Regression analysis was 

used to determine a relationship between migration by age and race and 

the wages in an area. The wage used was based on the concept of a rela¬ 

tive wage. The relative wage in the area was stated as a ratio of the 

local wage to the national average wage. It was assumed that people 

would migrate from the low relative wage areas to those areas with a 
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higher wage. As seen in Figure 1, the relative wage is determined by 

the employment mix which is calculated in the employment sector. 

The demographic sector of the model produces the population neces¬ 

sary to provide the labor force to the employment sector of the model. 

The demographic sector can therefore be viewed as the "supply of labor" 

sector, with the employment sector creating the demand for labor. The 

equilibrating mechanism tying supply to demand is migration. In and 

out-migration occurs continuously throughout the simulation as a func¬ 

tion of the difference between the local and national relative wage. Be¬ 

cause each age class responds differently to the wage conditions, migra¬ 

tion will alter the age-class structure of the population in a region. 

Also response to change in relative wage by racial groups may differ re¬ 

sulting in a change in the racial distribution of the population. These 

changes in structure will in turn alter per capita birth and death rates. 

Due to these model interrelationships, migration is potentially the most 

dynamic element causing population change in a region. 

Three factors connect the demographic sector to the employment sec¬ 

tor. These factors are labor force, unemployment rate and relative wage. 

The first use of the output of the demographic sector is the determina¬ 

tion of the labor force. The size of the labor force is computed by mul¬ 

tiplying the labor force participation rate by the population in each 

age group between 14 and 65. The size of the labor force therefore will 

depend on the age distribution of the population generated in the demo¬ 

graphic sector. Labor force is then used to compute the unemployment 

rate for each time period by dividing the size of the labor force into 

the difference between the labor force and total employment generated in 

the employment sector. 

The employment rate is then used in the computation of relative 

wage. The general characteristics of the relative wage formulation have 

already been discussed in connection with the migration function. The 

relative wage at a given time is a function of the industry growth rates 

used in the employment sector and the unemployment rate. Generally, if 

the unemployment rate increases, there will be an excess supply of labor 

which would cause a decrease in the relative wage. 

In the employment sector the model uses an "export base" theory of 

employment. The export industries in an area sell the majority of their 

output outside the region in which they are located. The export indus¬ 

tries thus provide the base for economic growth of an area because such 

businesses through their "exports" supply funds necessary to purchase 

goods outside of the area. The export industries also provide the demand 

for the growth of the service industries in an area. Examples of export 

industries would be paper and lumber products, chemicals, apparel, tex¬ 

tiles, etc. The growth of employment in the export industries is deter¬ 

mined through market demand growth rates for each industry which are 

trended over the forecast period. The market demand growth rate for a 

particular industry is increased or decreased through the relative re¬ 

gional attractiveness of the area. The regional attractiveness is deter¬ 

mined by the combination of relative wages, access to market and access 

to resources. These three factors are expressed as an index based on a 
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national average. For example, if an area had access to market and re¬ 

sources better than the average the market demand growth rate would be 

increased. If the relative wage was above the average, there would be 

a negative influence on the industry growth. Using this model the re¬ 

searcher can use several sets of assumed growth rates and measure the 

effect of a change in these rates on the employment mix of an area.4 

A second category of employment is defined as "business-serving." 

The firms in this category supply the goods and services needed by other 

businesses in the area and grow in proportion to their growth. Growth 

in business-serving employment was determined through regression analysis 

between business-serving employment and all other employment. Examples 

of business-serving firms would be building construction, newspapers, 

transportation, etc. 

A second local-serving industry category is household-serving in¬ 

dustry. These industries provide the goods and services to households 

and therefore depend on the size of the population in the area. House¬ 

hold-serving employment was determined by regression analysis between 

household-serving employment and total population. Examples of house¬ 

hold-serving firms are: retail trade, banking, automobile repair, medi¬ 

cal services, etc. 

The major interrelationship of the employment sector to the demo¬ 

graphic sector is the use of the employment generated at a given time to 

determine the unemployment rate. The unemployment rate is then used in 

the computation of the relative wage which, in turn, is used to compute 

net migration in the demographic sector. 

Within the employment sector, an increase in the demand for labor 

in a given industry will increase the number of jobs which will then re¬ 

duce the unemployment rate. The reduced unemployment rate will result 

in a rise in relative wage which will reduce the attractiveness of the 

area with respect to hiring additional workers. Also, increased employ¬ 

ment in the export industry sector will lead to increases in the busi¬ 

ness-serving sector. Finally, the increase in relative wage will result 

in more in-migration and this increase in population will create addi¬ 

tional household-serving employment. 

The outcome of the total effect of a rise or fall in employment de¬ 

pends on the complex feedback between labor force, unemployment rates, 

migration, and total population, as well as the relative attractiveness 

to industry as affected through relative wage. 

A CASE STUDY: NEGATIVE IMPACT 

In 1964, as part of a plan to cut defense spending, the U.S. Govern¬ 

ment announced plans for the closing of Brookley Air Force Base in Mobile, 

Alabama. The Air Force Base employed approximately 12,500 civilian 

workers from the Mobile area; therefore, the closing provided an excel¬ 

lent opportunity to apply the model simulation technique to the study of 

a negative impact. 
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Mobile, Alabama is located about 30 miles from the Gulf of Mexico 

at the head of Mobile Bay. Most of the commercial and industrial ac¬ 

tivity is carried on within or in an area immediately surrounding the 

city limits. Brookley AFB headquarters and work functions were located 

in the city. Brookley AFB was one of the largest logistics bases in the 

country and for almost 30 years was the major employer in the Mobile 

SMSA.5 The data in Table 1 indicate the importance of the Brookley AFB 

employment in the early sixties and indicate the size of loss in employ¬ 

ment and income that the Mobile SMSA experienced in the 1967-1969 period.6 

Table 2 presents the Mobile SMSA population, employment, and labor 

force along with Brookley employment for the 1960-1969 period. The de¬ 

creases in population, labor force, and total employment during the 1960- 

1969 period indicate the initial effect of the phase-out on the socioec¬ 

onomic conditions of the area. The continued effect during the 1970- 

1980 period is estimated through model simulation. 

TABLE 1. Civilian employment and wage payments for Brookley Air Force 

Base and Mobile SMSA personal income 1960-1968. 

Year 

Civilian 

employment 

Wage payments 

($1,000) 

Total personal 

income: Mobile 

SMSA ($1,000) 

Percent of 

Mobile SMSA 

income 

1960 15,400 86,904 617,470 14.1 

1961 15,410 92,008 648,700 14.2 

1962 15,520 94,362 677,701 13.9 

1963 13,600 88,427 727,876 12.2 

1964 12,500 88,664 789,649 11.2 

1965 11,500 81,400 858,953 9.5 

1966 8,860 67,420 813,359 7.5 

1967 3,900 48,033 926,100 5.2 

1968 1,100 22,402 1,015,730 2.2 

Source: Brookley AFB, Mobile, Alabama. Mobile SMSA Personal In¬ 

come, 1960-1966, Economic Abstract of Alabama, Bureau of Business Re¬ 

search, University of Alabama, December, 1966. 1967 and 1968, Alabama 
Business, Center for Business and Economic Research, University of Ala¬ 

bama, February, 1970. 

In order to estimate the impact of the closing of Brookley on the 

Mobile SMSA, the model was set up to simulate the socioeconomic condi¬ 

tions of the area for the 1970-1980 period. First, a model run was made 

using the 1960 base data and the assumption that Brookley AFB would re¬ 

main in Mobile with an average employment of approximately 13,000 per¬ 

sons. This run, covering the 1960-1980 period is used as a "benchmark" 

for the impact run. Next a simulation run is made to simulate the 
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TABLE 2. Total population, employment, and labor force for the Mobile 

SMSA and Brookley AFB civilian employment 1960-1969. 

Mobile SMSA Brookley AFB 

Total Civilian Total civilian 

Year population labor force employment employment 

(1,000) (1,000) (1,000) (1,000) 

1960 363.4 128.7 121.2 15.40 

1961 377.2 128.6 119.8 15.40 

1962 378.3 128.9 120.8 15.50 

1963 385.2 131.9 124.9 13.60 

1964 392.6 132.8 126.1 12.50 

1965 391.0 133.6 127.5 11.50 

1966 385.0 130.7 125.0 8.90 

1967 378.0 126.8 120.4 3.90 

1968 377.0 126.4 119.9 .75 

1969 381.0 130.1 120.1 — 

Source: 1960-1966, Economic Abstract of Alabama, Bureau of Business 

Research, University of Alabama, December, 1966. 1967-1968, Alabama 
Business, Center for Business and Economic Research, February, 1970. 

1969, estimated by Computer Model Simulation Run. 

conditions created by the closing of Brookley. In this run the impact 

data presented in Tables 1 and 2 are placed in the model for the 1960- 

1969 period, and then all variables are projected for the 1970-1980 peri¬ 

od. 

Table 3 presents 1960 base data for the Mobile SMSA and a comparison 

of the model simulations under the assumptions of nonclosure versus clo¬ 

sure for the 1970-1980 period. The data indicate a significant change 

in population and employment for the 1970 period. Total population is 

projected to be 7.67 percent lower due to closure of the base. Also, 

labor force is projected to be 8.2 percent lower and total employment is 

projected to be 9.76 percent lower due to closure. 

The 1970 Census was not available when this simulation was produced, 

therefore no checks could be made against census data. Now that the 1970 

Census figures for total population are available, it is interesting to 

compare the projected population to the census count. The 1970 Census 

count for the Mobile SMSA is 376,690 as compared to the model projection 

for closue of 384,124. These figures seem to indicate that the model 

projections are within reasonable limits for purposes of analysis. 

The employment categories present some details of the change in em¬ 

ployment structure. Government and education employment will experience 

the greatest change since all Brookley employees fell into that category. 
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By the 1970 period, government and education employment is projected to 

be 50.07 percent lower due to closure. Small losses are also indicated 

in the business and household categories because of loss in population. 

Due to the new industry locating in the area during the phase-out period, 

several employment categories such as export manufacturing are projected 

to increase. Much of this increase is due to new industries that have 

leased facilities at Brookley. 

Data for the 1980 period indicate that closure of Brookley AFB will 

still have some negative impact on population and employment but not to 

the degree experienced for the 1970 period. Reduction of the negative 

impact by the 1980 period reflects the effect of the impact at the end 

of the phase-out period since Brookley AFB phase-out was completed in 

1969. Therefore, the most severe effect of the closure could be expected 

in the period immediately following closure. Secondly, the industry re¬ 

placing Brookley has a higher growth rate than government employment. 

Finally, the new industry has helped to create a more diversified indus¬ 

trial base for the Mobile SMSA. 

Due to the above factors, the 1980 projections indicate that popu¬ 

lation is expected to be 5.57 percent lower as a result of closure. The 

labor force should be 6.10 percent lower and total employment 5.9 percent 

lower. The data indicate that the Mobile SMSA is projected to continue 

to grow at a steady rate, but the loss of a large segment of population 

and employment will reduce the base for growth during the projection per¬ 

iod. 

The model simulation output listed in this study is limited to that 

needed to illustrate use of the model simulation technique for impact 

analysis. All model output is available for each year in the projection 

period. This feature enables the researcher to conduct a year-by-year 

investigation of specific variables. 

EVALUATION OF THE MODEL SIMULATION TECHNIQUE 

FOR IMPACT ANALYSIS 

In order to evaluate the model simulation technique as a device for 

impact analysis, the advantages and disadvantages of this approach need 

to be examined. The advantages are as follows: First, since a positive 

or negative impact would involve a change in socioeconomic variables 

over time, the dynamic simulation model provides an ideal framework for 

analysis. The impact variables can be fed into the model at a desired 

time to measure changes in the socioeconomic system. Conceptually this 

type of model framework, which can consider the interrelationship of all 

variables in the system, can provide a realistic measurement of the ac¬ 

tual system. Of course, the accuracy of the simulation will always de¬ 

pend on the validity of the data and the assumptions used. 

A second advantage is the adaptability of the model framework to 

change. Since the model is designed for computer use, changes or revi¬ 

sions of assumptions and variables can be made with a minimum of cost 

and time. Also, generally the assumptions for impact analysis are made 

for shorter periods of time than those for projection models. The 
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shorter time period usually makes it easier to establish realistic 

ranges for model variables. For example, large changes in birth or 

death rates could not be expected in the 10-year period where these might 

be a significant problem for 50-year projections. Also, the initial 

short range impact variables are usually known in precise terms and, 

therefore, the researcher can place more confidence in the short range 

projections. 

Another advantage is the large amount of model output produced for 

each year of the simulation period. The large amount of demographic and 

employment data provide the researcher with background for secondary re¬ 

search. Given a set of research goals and policies a researcher could 

examine scores of demographic and employment assumptions. 

Finally, the model simulation technique used for impact analysis 

provides an excellent planning tool. For example, if the model had been 

set up for the Mobile SMSA at the time of the announcement of the Brook- 

ley closing, city planners and developers could have immediately set up 

a simulation of the impact over the next few years. As illustrated in 

this study, the model would have provided the planners with estimates of 

population loss, labor force and employment loss, and expected levels of 

unemployment. Also the planners could have tested various employment 

assumptions to determine amounts and types of employment needed to coun¬ 

teract the negative impact. 

Along with the advantages there are some disadvantages involved. 

These disadvantages are actually more in the nature of limitations. 

First, the collection of initial data and computation model inputs re¬ 

quire considerable time and an adequate research budget. Also, the ex¬ 

perience of the researcher in the area of model simulation is related to 

this problem. If the study represents a first attempt at model simula¬ 

tion, much additional time is needed to research the literature and gain 

the knowledge necessary to use this tool. However, once the model is 

set up and the researcher has some experience, the research time and 

cost can be greatly reduced for future problems. 

Another disadvantage arises from the need for access to a large com¬ 

puter system. This feature can create a large cost item in the research 

budget unless the researcher has access to a company or university com¬ 

puter system. 

The availability of data is another problem that can arise in using 

the model simulation method. In order to make the simulation as realis¬ 

tic as possible, data now unavailable would be very helpful. For exam¬ 

ple, in order to provide a more realistic simulation of a southern area, 

the racial breakdown of the demographic sector should be expanded 

throughout the model. However, current employment data do not provide 

this information. As additional data become available the model struc¬ 

ture should be revised and expanded to form a more realistic model of a 

dynamic socioeconomic system. 

In conclusion, it seems that the model simulation technique provides 

the researcher with an excellent planning tool. Given the resources and 
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talent necessary to construct a model, the researcher can provide a re¬ 

alistic research tool to produce a short range impact analysis. 

FOOTNOTES 

Robert C. Mayer, William T. Newell, and Harold C. Pazer, Simulation 
in Business and Economics. Englewood Cliffs, New Jersey: Prentice Hall, 

Inc., 1969, p. 1. 

2The model developed by Battelle Memorial Institute was designed to 

produce demographic and employment projections as part of a larger sys¬ 

tem to measure water pollution and power consumption. This researcher 

removed the water and power sector and expanded the demographic and em¬ 

ployment sectors to describe a southern socioeconomic system. 

3A complete description of the work done on this model can be found 

in the following publications: (1) Economic Base Study of the Mobile- 
Alabama-Coosa River Basin, Bureau of Business Research, School of Com¬ 

merce and Business Administration, University of Alabama, June 1967; 

(2) A Report on the Modification and Testing of a Dynamic Economic Model 
for the State of Alabama, Bureau of Business Research, School of Com¬ 

merce and Business Administration, University of Alabama, August 1968. 

4In this model economic activity is specified in terms of employ¬ 

ment rather than variables such as income, value added, or output. This 

focus on employment is useful in view of the relative availability of 

employment data and the ease with which employment variables may be re¬ 

lated to demographic variables. 

5The Mobile Standard Metropolitan Statistical Area is composed of 

Baldwin and Mobile Counties. All projections are made for the SMSA as 

a whole due to the fact that 30-35 percent of the civilian workers live 

in Baldwin County and commute to Brookley AFB in Mobile. 

6The 1969 data were omitted because of the unavailability of the 

personal income estimates at the time the simulation was made. However, 

Brookley employment had declined to 750 by May of 1969 and to 0 by June 

of 1969 (Table 3). 
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OPPORTUNITIES FOR RESEARCH IN ALABAMA BUSINESS HISTORY 

Robert H. McKenzie 

Administrative Assistant to the President 

University of Alabama, University 

Before pursuing a discussion of opportunities for research in Ala¬ 

bama business history, one might legitimately ask what is business his¬ 

tory and why study it. Business history as a scholarly field of inquiry 

is rather young, and not many are acquainted with its purposes and meth¬ 

ods . 

Histories of business have been written for centuries, but only 

since the late 1920's has there been in the United States a serious ef¬ 

fort to pursue a scholarly analysis of the development of American busi¬ 

ness.1 Prior to the establishment of a program in business history at 

Harvard in 1927, the story of business had largely been a battle of con¬ 

flicting opinions centering on industrial leaders such as Vanderbilt, 

Carnegie, and Rockefeller, who were praised by their admirers as captains 

of industry and castigated by their detractors as malefactors of great 

wealth. In the first two decades of the twentieth century, as in recent 

years, the detractors seemed to have the loudest voices. Public debate 

over the role of business in our society has long tended to display a 

"good guys" versus "bad guys" approach. Students of business history, 

however, seek neither to glorify nor to condemn but to analyze in a 

scholarly way how business has developed and why it has developed in the 

way that it has. Their inquires are conducted on three levels: the 

study of individual businessmen and business units, the study of whole 

industries and fields of commercial endeavor, and the synthesis of ex¬ 

isting knowledge into a conceptual framework for the history of business. 

The value of business history is evidenced in its contributions to 

the understanding which man brings to the problems facing him. In the 

first place, business historians have advanced the stimulating hypothesis 

that the United States was (and is) essentially a business civilization 

and that the business system and the business entrepreneur were (and are) 

the most important factors in explaining this country's development. 

One does not have to accept this thesis wholly to benefit from the fresh 

insight it provides. When the story of this nation is seen from the 

viewpoint of the day-to-day businessman—on the frontier, at the rural 

crossroads, or in the urban market—the more sensational doings of poli¬ 

ticians and militarists, so often highlighted, are more intelligible and 

meaningful. 

Secondly, business historians have provided a truer picture of the 

businessman and his environment than previously existed. They have 

shown that businessmen come in all shapes and sizes and shades of belief 

and that to speak of them as all of one type is erroneous. There are 

businessmen other than those who have made headlines for alleged impro¬ 

priety, and business historians have enabled the public to meet and ap¬ 

preciate them. 

Thirdly, business historians have cast serious doubts on some 
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assumptions predominant in economic theory prior to the 1930's. By ex¬ 

amining the actual operations of businessmen, historians have shown that 

competition is much more complex than had long been supposed. Apparent¬ 

ly anti-social business practices may stem less from conscious evil in¬ 

tent by businessmen than from attempts to adjust to market situations on 

the basis of imperfect knowledge hastily considered. Business historians 

have challenged the view that the businessman's overriding concern is to 

maximize profits. Economic texts now consider other motives, such as 

longevity. By indicating how businessmen have behaved in actual circum¬ 

stances and what they were thinking when they behaved as they did, busi¬ 

ness historians have assisted in the testing and modifications of theory, 

which hopefully will have a beneficial effect in more realistic and 

workable public policy toward business. 

Business history also has a host of immediate, practical uses. 

Businessmen have used business history in their advertising and training 

programs and in solving the problems of administration. For example, the 

story of the evolution of various types of businesses can pinpoint cruci¬ 

al stages in the life span of a firm and offer insight into viable alter¬ 

native policies at key points in its development. The complexities of 

operating a large business and the role of business management in econom¬ 

ic growth are also subjects that business historians have investigated. 

The latter topic is extremely important in meeting the challenge of es¬ 

tablishing workable business institutions in underdeveloped countries 

over relatively short spans of time. 

The need for understanding the role of business institutions in 

rapid economic development makes the study of business history in the 

South and in Alabama particularly important. Although the South has un¬ 

dergone great industrialization and business expansion since World War 

II, the story has even older chapters, few of which have been adequately 

told. Before the Civil War, ambitious pioneers set out to develop the 

South's commercial resources but saw their efforts turn to ashes in the 

Civil War. The South faced an awesome task of business development after 

1865. The society was overwhelmingly agrarian in heritage, temperament, 

and outlook. Capital was virtually non-existent, management inexperi¬ 

enced, and labor disorganized. It is no surprise that much of the money 

and leadership for economic revival came from outside the South, but 

Southerners played a vital role in the post-war business process. In 

spite of all handicaps, the South today looks back on more than one hun¬ 

dred years of remarkable progress. 

Although there has been vigorous talk and much writing about the 

glories of a New South, there has been little real analysis of how indus¬ 

trialization took place. How was capital accumulated, a labor force de¬ 

veloped, and capable management recruited? What expedients were develop¬ 

ed to cope with seemingly insurmountable problems? These are but a few 

of the intriguing questions that can be posed. The answers would not on¬ 

ly be interesting in themselves but should provide practical guidance in 

the continuing effort to bring rapid economic improvement to underdevel¬ 

oped areas all over the globe. 

The story of business in the South is also important in view of the 
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region's potential. Industry and commercial activity have been moving 

South at an ever increasing pace. A thorough understanding of business's 

role in our society could do much in allowing the South to reap more of 

the benefits and fewer of the problems that industrialization has brought 

to other sections. 

The history of business in Alabama is a fruitful field for answering 

questions posed by the South's economic development. Alabama shared with 

other southern states the late nineteenth century expansion of railroads 

and the rise of the textile and lumber industries. Moreover, as a leader 

in the development of the iron, steel, and coal industries of the South, 

Alabama was the scene of land speculation, urbanization, labor diffi¬ 

culties, and other problems central to the New South story. In the 

twentieth century, other industries, such as electrical power, paper and 

allied products, chemicals, rubber, food processing, and transportation 

equipment, have been added to Alabama's economy, not to mention the ex¬ 

pansion of financial institutions, wholesale and retail trade, and service 

industries. Th© writing of the story of these developments has hardly 

begun. 

Briefly stated, opportunities for research in Alabama business his¬ 

tory are virtually unlimited. Histories of Alabama businesses, business¬ 

men, and economic developments have indeed been written, but these efforts 

have at best produced an uneven story. Most accounts have been descrip¬ 

tive rather than analytical, perfunctory rather than thorough, and given 

either to extreme praise or criticism rather than insight. In general, 

existing histories of Alabama business tend to be company publications 

intended as public relations material, family writings intended as mem¬ 

orials, journalistic efforts intended as exposes or advertisements, and 

amateur works intended for a variety of semi-scholarly purposes. That is 

not to say that existing accounts are not helpful. Some, such as Ethel 

Armes' The Story of Coal and Iron in Alabama, are extremely valuable, and 

many others present factual data often difficult to find elsewhere. We 

need many more accounts such as those now existing, for the people who 

write them frequently have access to and an inside view of sources gener¬ 

ally unknown to professional historians. 

Time does not permit a comprehensive survey of work already done and 

of needs as yet unfilled, but a few broad comments can be made. In gen¬ 

eral, the railroads and the iron and steel industry have received the 

most attention, but efforts in these areas are devoted primarily to the 

pre-World War I period.2 Moreover, as yet there are no comprehensive, 

analytical accounts of the development of a single Alabama industry or 

commercial endeavor, nor are there any penetrating historical studies of 

a single Alabama business firm. The interrelation of government and 

business in Alabama is another topic awaiting thorough analysis. 

At the present embryonic stage of Alabama business history, popular¬ 

ization of the subject, the development of appropriate source materials, 

and the provision of funds for research are the crying needs. Some pro¬ 

gress in meeting these problems is being made. For example, the Alabama 

meetings of the Newcomen Society in North America have for many years en¬ 

couraged research and interest in business and economic history, and 
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graduate students are more often choosing topics in these fields for 

theses and dissertations.3 

The scarcity of information on actual business operations is a 

major hindrance to business historians. Sources external to business, 

such as newspaper and magazine accounts, government hearings, census data, 

and court testimony are abundant, both in Alabama and elsewhere, but 

these materials do not reveal the inside story of a firm.4 Company rec¬ 

ords are the key source material for business history, but business man¬ 

agement has often been reluctant to make them available. Understandably, 

the attitude of distrust stems largely from the assaults of critics in 

past years. Someone, however, once observed that business had nothing to 

lose by opening its records, since the public assumed the worst anyway. 

Indeed, businessmen have contributed greatly to their negative public 

image by failing to make their records available so that their side of 

the story could be told. 

Businessmen in Alabama, however, are beginning to realize the value 

of encouraging research in business history. For example, A. H. Woodward, 

Jr., has recently donated a large collection of materials on the Woodward 

Iron Company to the University of Alabama library, which also contains 

the collections of the Shelby Iron Company, the Brierfield Iron Company, 

and the James Bowron papers, all providing an opening wedge into the 

story of the Alabama iron and steel industry. Other collections in the 

iron and steel industry and in other Alabama industries and commercial 

fields also need to be made available. 

Provision of funds to encourage research is also an important need. 

Research and writing of business history is time consuming and expensive. 

A single firm's business records may run into thousands, perhaps millions, 

of individual items. Graduate students need to be encouraged to spend 

time doing business history research through grants and scholarships. 

Anyone interested in doing research in Alabama business history will 

find plenty to do. There are sufficient existing works, general economic 

data, and other materials available for beginning probes. As research 

progresses and business history is popularized, additional source materi¬ 

al, including essential records of individual business firms, should be¬ 

come available. Hopefully, our pursuit of Alabama's business and econom¬ 

ic history will someday approach our pursuit of the state's political his¬ 

tory. It would not be at all surprising to find that knowledge of the 

former will greatly increase our understanding of the latter. 

FOOTNOTES 

^For an expanded discussion of the development of business history 

as an economic discipline, its difficulties, contributions, and opportun¬ 

ities, see Robert H. McKenzie, "Businessmen, Historians, and the History 

of Business," Alabama Business, XLII (December 15, 1971), 1-6. 

20n railroads, see Albert B. Moore, "Railroad Building in Alabama 

During the Reconstruction Period," Journal of Southern History, I (Novem¬ 

ber, 1935), 421-441; Jean E. Keith, "The Role of the Louisville and 
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Nashville Railroad in the Early Development of Alabama Coal and Iron," 

Bulletin of the Business Historical Society, XXVI (September, 1952), 

165-174; James F. Doster, Alabama's First Railroad Commission, 1881-1885 
(University, Ala., 1949); Doster, Railroads in Alabama Politics, 1875- 
1914 (University, Ala., 1957); Doster, "People vs. Railroad at Ashville: 

A Community Squabble of 1881," Alabama Review, IX (January, 1956), 46-55; 

Doster, "Railroad Domination in Alabama, 1885-1905," Alabama Review, VII 

(July, 1954), 186-198; Doster, "Trade Centers and Railroad Rates in 

Alabama, 1873-1885," Journal of Southern History, XVIII (May, 1952), 169— 

192; Doster, "Wetumpka's Railroad: Its Construction and Early Traffic," 

Alabama Review, III (July, 1950), 174-182; Kenneth R. Johnson, "The Troy 

Case: A Fight against Discriminatory Freight Rates," Alabama Review, 
XXII (April, 1969), 175-187; and R. W. Massey, Jr., "Logging Railroads in 

Alabama, 1880-1914," Alabama Review, XIV (January, 1961), 41-51. On the 

iron and steel industry, see Ethel M.Armes, The Story of Coal and Iron in 
Alabama (Birmingham, 1910); John B. Ryan, Jr., "Willard Warner and the 

Rise and Fall of the Iron Industry in Tecumseh, Alabama," Alabama Review, 
XXIV (October, 1971), 261-279; William N. Still, Jr., "Selma and the Con¬ 

federate States Navy," Alabama Review, XV (January, 1962), 19-37; Frank 

E. Vandiver, "The Shelby Iron Company in the Civil War: A Study of a Con¬ 

federate Industry," Alabama Review, I (1948), 12-26, 111-127, 203-217; 

Vandiver, "Josiah Gorgas and the Brierfield Iron Works," Alabama Review, 
III (January, 1950), 6-21; Joseph H. Woodward, "Alabama Iron Manufactur¬ 

ing, 1860-1865," Alabama Review, VII (July, 1954), 199-207; Woodward, 

Alabama Blast Furnaces (Woodward, Ala., 1040). 

3Some theses and dissertations dealing with Alabama business and eco¬ 

nomic history are: Wendell W. Cauley, "A Study of the Accounting Records 

of the Shelby Iron Company," (M.A. thesis. University of Alabama, 1949); 

James H. Clark, "History of the North East and South West Alabama Rail¬ 

road to 1872," (M.A. thesis. University of Alabama, 1949); Matthew W. 

Clinton, "Economic Conditions in Tuscaloosa City and County, 1865-1880," 

(M.A. thesis. University of Alabama, 1942); A. G. Daniel, "The Formative 

Period of Muscle Shoals Power," (M.A. thesis. University of Alabama, 

1959); Julius P. Hagerty, Jr., "Early History of the Industrial City of 

Anniston, 1872-1889," (M.A. thesis. Auburn University, 1960); George V. 

Irons, "Manufacturing in Alabama During the Civil War," (M.A. thesis, 

University of Alabama, 1942); Joyce Jackson, "History of the Shelby Iron 

Company, 1962-1868," (M.A. thesis. University of Alabama, 1949); Samuel 

N. McCaa, "Samuel Noble: Founder of Anniston," (M.A. thesis, Auburn Uni¬ 

versity, 1966); Robert H. McKenzie, "A History of the Shelby Iron Company, 

1865-1881," Ph.D. Dissertation, University of Alabama, 1971); William G. 

Moore, "The Acquisition of the Tennessee Coal and Iron Company by the 

United States Steel Corporation in 1907," (M.A. thesis, University of Ala¬ 

bama, 1951); John B. Ryan, Jr., "Willard Warner: Soldier, Senator, and 

Southern Entrepreneur," (M.A. thesis, Auburn University, 1971; John R. 

Scudder, Jr., "The Alabama and Chattanooga Railroad Company, 1868-1871," 

(M.A. thesis. University of Alabama, 1951); and Richard D. Wallace, "A 

History of the Shelby Iron Company, 1965-1872," (M.A. thesis, University 

of Alabama, 1953). 

^Since the late 1930's, various state agencies, such as the Depart¬ 

ment of Industrial Relations, have published helpful annual reports. The 
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Alabama Bureau of Business Research and the Center for Business and Eco¬ 

nomic Research, located on the campus of the University of Alabama, have 

published a wealth of useful data. The State Department of Archives and 

History houses useful materials, as do public libraries over the state, 

particularly Birmingham and Anniston. Local historical society collec¬ 

tions can also be helpful. 
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ICHTHYOFAUNA OF THE LOCUST FORK OF THE BLACK WARRIOR RIVER 

SYSTEM OF ALABAMA 

Lee A. Barclay, Jr. 1 

Alabama Cooperative Fishery Unit 

Auburn University, Auburn, Alabama 

and 

William Mike Howell 

Section of Ecology and Systematics 

Langmuir Laboratory 

Cornell University, Ithaca, New York 

ABSTRACT 

The Locust Fork, one of the two main headwater tributaries to the 

Black Warrior River, drains an area of some 1250 square miles in north 

central Alabama. One hundred three collections from 80 stations revealed 

the presence of 74 species representing 16 families of fishes that pres¬ 

ently occur in the Locust Fork drainage. Pertinent comments on life his¬ 

tory, systematics, and occurrence in the study area are presented. 

New records of Anguilla rostrata, Notropis ardens, N. ahrosomus, 

N. trichvoistius> and N. whipplei are given for the Black Warrior River 

system. Stream capture and water pollution are discussed as primary 

factors influencing the distribution of fishes in the Locust Fork drain¬ 

age system. The Locust Fork fish fauna is compared with that of adjacent 

drainages. 

INTRODUCTION 

The Locust Fork is one of two main headwater tributaries of the 

Black Warrior River system in Alabama. Despite intensive attention given 

to the southeastern United States by ichthyologists in recent years, the 

precise range of many fishes within the Locust Fork drainage has remained 

virtually unknown. Several records of fishes from this drainage system 

have been reported by previous workers concerned with various taxonomic 

groups, arid these are cited in the annotated list of species. However, 

no previous survey of the fish fauna of the entire Locust Fork drainage 

system has been made. 

The Locust Fork is undergoing rapid ecological alteration. A navi¬ 

gational channel 9 feet deep and 200 feet wide was constructed between 

1895 and 1915 from Mobile Bay to a few miles above Port Birmingham, a 

total distance of 463 miles (Brown, 1968). The John Hollis Bankhead Lock 

and Dam, the uppermost of 17 such structures originally built on the Tom- 

bigbee-Black Warrior Waterway, is located some 20 miles downstream from 

the mouth of the Locust Fork and has a marked effect on its ichthyofauna. 

In addition, there are three major impoundments within the Locust Fork 

drainage already, and the Warrior River Electric Cooperative Association 

^Present address: Department of Biological Sciences, California 

Polytechnic State University, San Luis Obispo, California 93407. 

120 



Ichthyofauna of Locust. Fork 

is licensed to construct two more dams in the system (Brown, 1968). Com¬ 

mercial and domestic pollution are being received from several areas on 

the Locust Fork, notably in the Birmingham-Jefferson County area Strip 

mine effluents, industrial wastes, and organic sewage have made several 

of the larger tributaries virtually devoid of life. Such alteration of 

habitats through controlled discharge of flow from reservoirs, stream 

channelization, and domestic and industrial pollution is severely modify¬ 

ing the distribution of fishes. That, plus widespread introductions by 

man, make it imperative that the natural distributions of fishes within 

the Locust Fork drainage be ascertained prior to complete ecological al¬ 

teration of the area. The objectives of this study were to determine 

both the composition and the distribution of the fish fauna within the 

Locust Fork portion of the Black Warrior River drainage of Alabama. 

PHYSIOGRAPHY 

The Locust Fork, a main headwater tributary of the Black Warrior 

River system, drains an area of approximately 1250 square miles in north 

central Alabama. From its headwaters in eastern Blount and western Eto¬ 

wah counties. Locust Fork proper flows northeastward for a short distance 

in Murphree's Valley, swings gently toward the northwest across Sand 

Mountain, then abruptly turns and follows a southwestward course through 

Blount and Jefferson counties, joining with the Mulberry Fork to form 

the Black Warrior River at a point approximately 18 miles west of Birming¬ 

ham. In the headwater region northeast of Oneonta, the Locust Fork has 

its origins at altitudes approaching 1200 feet above sea level, whereas 

it unites with Mulberry Fork at an elevation of only 240 feet above sea 

level. The Locust Fork drains almost all of Blount County, about half of 

Jefferson County, and less than a fourth of Marshall and Etowah counties. 

It is bounded by the Tennessee River system to the north, the Mulberry 

Fork of the Black Warrior River to the west, the Coosa and Cahaba river 

systems to the east, and the Black Warrior River system to the south. 

The Locust Fork is unique in that it drains portions of both the 

Cumberland Plateau and the Valley and Ridge physiographic provinces 

(Johnston, 1930). That portion of the Locust Fork drainage east of Sand 

Mountain is said to lie within the Valley and Ridge Province. This area 

is characterized by northeast trending valleys and ridges developed upon 

the sandstone, shale, limestone, and dolomite of Paleozoic Age (Johnston, 

1933). The valleys follow the limestone and shale belts while the ridges 

coincide with the belts of more or less steeply inclined sandstone or 

conglomerate (Butts, 1911). To the west of the Valley and Ridge Pro¬ 

vince lies the Cumberland Plateau, a submaturely to maturely dissected 

upland area developed upon nearly horizontal-lying rocks of Pennsylvanian 

Age, but containing anticlinal valleys of older Paleozoic limestone and 

dolomite. Its upland surface, called the Cumberland peneplain by Hayes 

and Campbell (1894), was developed after Pottsville time, subsequently 

uplifted and tilted to the south. The valleys within the Cumberland Pla¬ 

teau have been excavated in the limestone belts which were more rapidly 

eroded than the mountain areas that are protected by the capping of the 

more-resistant strata of sandstone and conglomerate (Butts, 1926). 
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MATERIALS AND METHODS 

This study is based upon specimens taken in 65 collections made be¬ 

tween February, 1969 and August, 1970, and upon 38 collections in the 

University of Alabama Ichthyological Collection made prior to the initi¬ 

ation of this study. Except for two collections (33D and 53C) housed at 

Tulane University, all specimens collected during the study are deposited 

in the University of Alabama Ichthyological Collection (UAIC). All known 

literature records of species reported from the Locust Fork are included 

in the annotated list. 

Collecting stations are numbered consecutively from the mouth of the 

Locust Fork to its headwaters (Fig. 1). The following data for each col¬ 

lecting station are given in the Appendix: stream name; approximate lo¬ 

cation with respect to Section (Sec), Township (T), and Range (R); UAIC 

accession number; and species collected. Multiple collections at a sin¬ 

gle locality are designated by letters following station numbers. 

Species are referred to by numbers corresponding to those in the Anno¬ 

tated List of Species. 

The Annotated List of Species includes the following information for 

each species: scientific name; author; common name; known literature 

records from the Locust Fork; comments on distribution, habits, morphol¬ 

ogy, and nomenclature, when pertinent; and stations where collected. 

Counts and measurements were made following the methods of Hubbs and 

Lagler (1958). Usage of common and scientific names follows that of 

Bailey, et al. (1970) unless otherwise stated. All specimens were col¬ 

lected with nylon minnow seines unless otherwise noted. 

Additonal locality and ecological data can be obtained by referring 

to the original thesis upon which this paper is based (Barclay, 1971). 

ANNOTATED LIST OF SPECIES 

PETROMYZONIDAE - LAMTREYS 

1. Lampetra aepyptera (Abbott). Least brook lamprey. 

Specimens were observed spawning over gravel in a small riffle area on 

1 March 1970. This represents the first record of this species from 

above the physiographic Fall Line in the Black Warrior River system. 

Station: 48F. 

LEPISOSTEXDAE - GARS 

2. Lepieoeteus oseeue (Linnaeus). Longnose gar. 

Stations: 2, 28A, 51, 61A, 61B. 

CLUPEIDAE - HERRINGS 

3. Aleoa ehry8oehloris (Rafinesque). Skipjack herring. 

This uncommon anadromous species is probably hindered in its upstream 

migration by the many locks and dams found on the Black Warrior River. 

Station: 2. 
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FIGURE 1. Locations of collecting stations in the Locust Fork drainage. 
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4. Dorosoma oepedianum (LeSueur). Gizzard shad. 

Stations: 2, 30, 41B. 

5. Dorosoma petenense (Gunther). Threadfin shad. 

Station: 1A. 

ESOdDAE - PIKES 

6. Esox amerioanus Gmelin. Redfin pickerel. 

Crossman (1966) reported that the Locust Fork lies within a wide zone of 

overlap between two subspecies of E. amerioanus. Black Warrior pickerel 

are intergrades between E. a. amerioanus and E. a. vermioulatus, but ex¬ 

hibit more vermioulatus characteristics. Stations: 30, 41B, 52A. 

7. Esox niger LeSueur. Chain pickerel. 

Stations: 4, 26, 54B. 

CYPRINIDAE - MINNOWS 

8. Campostoma anomalum (Rafinesque). Stoneroller. 

Stations: 5, 15, 17, 19A, 23, 27, 28A, 28B, 29, 30, 31, 33B, 33D, 38A, 

40, 4IB, 44, 46, 47, 48A, 48B, 48E, 48F, 51, 52A, 52B, 53A, 53B, 53C, 54B, 

6IB, 62, 63, 64, 65, 71A, 71B, 74, 76, 77. 

9. Cyprinus carpio Linnaeus. Carp. 

Station: 2. 

10. Hybopsis storeriana (Kirtland). Silver chub. 

Station: 52B. 

11. Notemigonus arysoleuoas (Mitchill). Golden shiner. 

Stations: 30, 31, 44, 45, 53A, 57, 68. 

12. Notropis ardens (Cope). Rosefin shiner. 

Although this species was thought to be restricted in Alabama to the Ten¬ 

nessee River system, it was collected at six Locust Fork localities. 

These collections represent the first records of the rosefin shiner from 

any of the Mobile Basin drainages. Stations: 71B, 73, 74, 76, 78, 80. 

13. Notropis asperifrons Suttkus and Raney. Burrhead shiner. 

Notropis xaenooephalus (in part; Warrior Station and Morris,■ Jefferson 

Co., Ala.).—Gilbert, 1891:157. 

Notropis asperifrons.—Suttkus and Raney, 1955:5 (trib. of Locust Fork, 

Blount and Jefferson counties, Ala.).—Howell, 1957:155-158 

(Blount and Jefferson counties, Ala.). 

The burrhead shiner was taken at elevations greater than 480 feet above 

sea level. Stations: 48E, 67, 74, 78, 80. 

14. Notropis atherinoides Rafinesque. Emerald shiner. 

Notropis atherinoides.—Howell, 1957:216 and 224 (Blount and Jefferson 

counties, Ala.). 

Smith-Vaniz (1968) reported that the emerald shiner is normally an inhab¬ 

itant of large rivers and impoundments. In this study, this species was 

collected at two localities on the river proper and in one moderately 

124 



Ichthyofauna of Locust Fork 

large-sized tributary. Stations: 32, 51, 52B. 

15. Notropis eallistius (Jordan). Alabama shiner. 

Notropis eallistius.—Gilbert, 1891:157 (Warrior Station and Morris, Jef¬ 

ferson Co., Ala.).—Howell, 1957:96 and 98 (Blount and Jefferson 

counties, Ala.). 

Stations: 27, 28A, 30, 32, 33D, 41A, 41B, 44, 47, 48B, 48E, 48F, 51, 52A, 

52B, 53A, 53C, 54B, 59, 61A, 61B, 63, 64, 69. 

16. Notropis ohrosomus (Jordan). Rainbow shiner. 

The rainbow shiner was collected only at three localities near the middle 

of the drainage system. This species was reported by Jordan and Evermann 

(1896) as very abundant in clear streams and spring outlets in the Alabama 

Basin. Habitat destruction has probably caused the decline of this beau¬ 

tiful little fish. On 5 May 1968, hundreds of rainbow shiners were ob¬ 

served breeding in the shallow riffles at station 49. Because of its 

rather insecure status in Alabama waters, only 16 specimens were collected. 

Stations: 48B, 48E, 49, 54A. 

17. Notropis ohrysocephalus (Rafinesque). Striped shiner. 

Notropis oomutus.—Howell, 1957: 197-203 (Etowah, Blount, and Jefferson 

counties, Ala.). 

Notropis ohrysocephalus.--Gilbert, 1964:162-171 (area of subspecific inter¬ 

gradation; Blount and Jefferson counties, Ala.). 

Gilbert (1964) reported that the Locust Fork is an area of intergradation 

between two subspecies of the Notropis ohrysocephalus complex, chrysooeph- 
alus and isolepis. He examined a collection (UMMZ 168613) from the Black¬ 

burn Fork, a Locust Fork tributary, and positively identified them as in¬ 

tergrades, based upon the presence of typical individuals of both sub¬ 

species together with intermediates. Moreover, he examined collections 

from the headwater region of Locust Fork that contained good N. o. ohryso- 
oephalus, while collections from near the mouth contained only N. o. iso¬ 
lepis. Our own observations confirm Gilbert's conclusions. Stations: 

19A, 28A, 28B, 30, 31, 33D, 35, 37, 47, 48B, 56, 58A, 59, 74, 76, 77. 

18. Notropis stilbius (Jordan). Silverstripe shiner. 

Notropis stilbius.--Gilbert, 1891:157 (Warrior Station and Morris, Jeffer¬ 

son Co., Ala.).—Howell, 1957:228-232 (Blount, Etowah, Jefferson, and 

Marshall counties, Ala.). 

Stations: 13, 28A, 39, 41A, 41B, 44, 47, 48D, 48E, 51, 52A, 52B, 53A, 

53B, 53C, 54A, 54B, 55, 56, 61A, 61B, 63, 64, 65, 67, 70, 71B, 73, 76, 

77, 78, 80. 

19. Notropis trichroistius (Jordan and Gilbert). Tricolor shiner. 

Notropis trichroistius.—Howell and Williams, 1971:62 (reported from 

Blount Co., Ala.; discussion of stream capture between Coosa River 

and Locust Fork tributaries). 

The tricolor shiner is known from only two localities in the Locust Fork 

drainage, and is not known to occur elsewhere in the Black Warrior River 

system. Tuberculate specimens collected on 17 April 1970 indicate that a 

breeding population exists in Cunningham Creek. Stations: 30, 48B. 

20. Notropis venustus (Girard). Blacktail shiner. 
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Notropis venustus stigmaturus.—Gibbs, 1957: 177 (Distribution map). 

Notropis venustus.--Howell, 1957:88-92 (Blount, Etowah, Jefferson, and 

Marshall counties, Ala.). 

Stations: 1A, 3, 13, 23, 25, 26, 27, 28A, 28B, 39, 40, 41A, 41B, 42, 

44, 47, 48E, 51, 52A, 52B, 53A, 53B, 53C, 54A, 54B, 61A, 61B, 63, 64, 

65, 67, 7 IB, 73, 77, 78. 

21. Notropis voluoellus (Cope). Mimic shiner. 

Stations: 41B, 44, 61B. 

22. Notropis whipplei (Girard). Steelcolor shiner. 

Gibbs (1963) did not include the Mobile Bay drainage in the known range 

of N. whipplei, stating that it was limited to the Tennessee River drain¬ 

age in Alabama. Smith-Vaniz (1968) reported that a few collections were 

known from the upper Black Warrior River system, and attributed their 

occurrence there to introductions by fishermen. A comparison of meristics 

between specimens from the Locust Fork and specimens from the Tennessee 

River system (as reported by Gibbs, 1963) revealed no differences between 

these two populations. Stations: 41A, 41B, 44, 51. 

23. Notropis bellus (Hay). Pretty shiner. 

Notropis bellus al-egnotus.—Snelson, 1972:37-43 (description of new sub¬ 

species; Blount and Jefferson counties, Ala.). 

Snelson (1972) referred Locust Fork specimens of this minnow to the sub¬ 

species alegnotus in his revision of the subgenus Lythrurus. Stations: 

26, 27, 42, 43. 

24. Notropis emiliae (Hay). Pugnose shiner. 

Station: 27. 

25. Phenacobius catostomus Jordan. Riffle minnow. 

Stations: 27, 44, 52A. 

26. Pimephales notatus (Rafinesque). Bluntnose minnow. 

Pimephales notatus.—Gilbert, 1891:157 (Warrior Station and Morris, Jef¬ 

ferson Co., Ala.). 

Station: 45. 

27. Pimephales promelas Rafinesque. Fathead minnow. 

Not native to Alabama, this species is commonly used as a bait minnow 

throughout the State. Stations: 51, 54A. 

28. Pimephales vigilax (Baird and Girard). Bullnose minnow. 

Stations: 3, 41A, 41B, 51, 52A, 53B, 53C, 61A, 61B, 63. 

29. Rhinichthys atratulus (Hermann). Blackside dace. 

Rhiniohthys atratulus.—Smith-Vaniz, 1968:54. 

No specimens were collected during this study; however, a single specimen 

has been taken in a Locust Fork tributary 3 miles NNE of Oneonta, Blount 

Co., Alabama (Smith-Vaniz, 1968). In 1965, a dam broke just northeast of 

Oneonta, releasing tons of mud and iron ore sediment into the Calvert 

Prong of the Little Warrior River. This unfortunate incident resulted in 

a major fish kill that may have extirpated this species in the Locust Fork 

drainage. 
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30. Semotilus atromaculatus (Mitchill). Creek chub. 

Semotilus atvomaculatus.—Caldwell, 1965:14 (unnamed spring, Jefferson 

Co., Ala.). 

Stations: 5, 15, 17, 19A, 21, 29, 33D, 36, 40, 42, 45, 46, 52A, 53B, 

58B, 60, 65, 66, 67, 68, 69, 74, 77, 80. 

CATOSTOMIDAE - SUCKERS 

31. 

Station: 

Carpiodes cyprinus (Le Sueur). Quillback. 

2. 

32. 

Station: 

Erimyzon oblongus (Mitchill). Creek chubsucker. 

17. 

33. Hypentelium etowanum (Jordan). Alabama hogsucker. 

Stations: 19A, 27, 28A, 28B, 32, 33B, 33D, 34, 37, 38D, 44, 48B, 48E, 49, 

51, 53B, 53C, 58A, 58B, 59, 74, 76, 77. 

34. Ictiobus bubalus (Rafinesque). Smallmouth buffalo. 

Station: 2. 

35. Minytrema melanops (Rafinesque). Spotted sucker. 

Stations: 5, 13, 17, 30, 40, 41B, 48E. 

36. Moxostoma duquesnei (Le Sueur). Black redhorse. 

Moxostoma macrolepidotum duquesnei.—Gilbert, 1891:157 (Warrior Station 

and Morris, Jefferson Co., Ala.). 

Stations: 27, 28A, 30, 32, 33D, 34, 48B, 52A, 53B, 54B. 

37. Moxostoma poecilurum (Jordan). Blacktail redhorse. 

Moxostoma poecilura.—Fowler, 1945:338 (Hoglens Cr., Warrior, Ala.). 

Stations: 41B, 52A. 

ICTALURIDAE - CATFISHES 

38. 

Stations: 

Ictalurus furcatus (Le Sueur). 

1A, IB, 2. 

Blue catfish. 

39. Ictalurus melas (Rafinesque). Black bullhead. 

Stations: 3, 13, 30, 31. 

40. Ictalurus natalis (Le Sueur). Yellow bullhead. 

Stations: 45, 46. 

41. Ictalurus punctatus (Rafinesque). Channel catfish. 

Ictalurus punctatus.--Gilbert, 1891:157 (Warrior Station and Morris, Jef¬ 

ferson Co., Ala.). 

The Alabama Department of Conservation Annual Report (1960) listed the 

channel catfish as the most common catfish in the Locust Fork, based on 

a population survey near station 63, where channel catfish comprised 

59.2% by weight of all species collected. Stations: 2, 52A, 53C, 64. 
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42. Noturus leptaeanthus Jordan. Speckled madtom. 

Stations: 51, 52A. 

43. Pylodictis olivaris (Rafinesque). Flathead catfish. 

Stations: IB, 2. 

CYPRINODONTIDAE - TOPMIMNOWS 

44. Fundulus olivaeeus (Storer). Blackspotted topminnow. 

Zygonectes notatus.—Gilbert, 1891:157 (Warrior Station and Morris, Jef 

ferson Co., Ala.). 

Fundulus olivaeeus.—Thomerson, 1966:45 (Blount Co., Ala.). 

This topminnow was not found at elevations greater than 600 feet above 

sea level. As indicated by Brown (1956) and Thomerson (1966), this is 

the only cyprinodont found within the Locust Fork drainage system. 

Stations: 5, 26, 30, 31, 41A, 41B, 42, 43, 45, 47, 48F, 51, 52A, 52B, 

53B, 53C, 54A, 54B, 55. 

POECILIIDAE - LIVEBEARERS 

45. Gambusia affinis (Baird and Girard). Mosquitofish. 

Gambusia affinis.—Caldwell, 1965:15 (Unnamed spring, Etowah Co., Ala.) 

Stations: 3, 5, 7, 9, 11, 13, 23, 33D, 35, 38D, 41A, 41B, 51, 52A, 52B 

53A, 53C, 54A, 60, 61A, 65, 67, 71A, 73, 74, 78, 79. 

COTTIDAE - SCULPINS 

46. Cottus earolinae (Gill). Banded sculpin. 

Cottus earolinae.—Caldwell, 1965:14 (trib. to Turkey Cr., Jefferson Co 

Ala.).—Williams and Robins, 1970:370 (Distribution map). 

Stations: 19A, 19B, 20, 21, 33A, 33B, 33C, 33D, 34, 35, 37, 38A, 38B, 

38C, 38D, 48B, 48C, 48E, 53A, 53B, 53C, 58B. 

PERCICHTHYIDAE - BASSES 

47. Morone ehrysops (Rafinesque). White bass. 

Stations: 1A, 2. 

CENTRARCHIDAE - SUNFISHES 

48. Ambloplites rupestris (Rafinesque). Rock bass. 

Stations: 3, 68. 

49 Lepomis gulosus (Cuvier). Warmouth. 

Station: 1A. 

50. Lepomis eyanellus Rafinesque. Green sunfish. 

Lepomis eyanellus.—Caldwell, 1965:15 (Cove Spring, Etowah Co., Ala.). 

Stations: 3, 5, 11, 13, 17, 30, 31, 32, 33D, 35, 38D, 41A, 43, 44, 48B 

48E, 53B, 53C, 54A, 64, 68, 71B, 74, 75, 78. 

51. Lepomis humilis (Girard). Orangespotted sunfish. 

Station: 1A. 
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52. Lepomis macrochirus Rafinesque. Bluegill. 

Lepomis pallidus.—Gilbert, 1891:157 (Warrior Station and Morris, Jeffer¬ 

son Co., Ala.). 

Lepomis macrochirus.—Caldwell, 1965:14 (Unnamed spring, Jefferson Co., 

Ala.). 

Stations: 1A, 5, 13, 26, 27, 30, 31, 32, 33D, 36, 38D, 42, 44, 45, 46, 

48E, 48F, 52A, 53B, 53C, 60, 61B, 68, 71B, 72, 78, 80. 

53. Lepomis megalotis (Rafinesque). Longear sunfish. 

Lepomis megalotis.—Gilbert, 1891:157 (Warrior Station and Morris, Jef¬ 

ferson Co., Ala.). 

Stations: 4, 23, 26, 27, 30, 31, 32, 39, 40, 41A, 41B, 42, 44, 47, 48F, 

51, 52A, 53A, 53B, 53C, 54B, 56, 61B. 

54. Lepomis microlopkus (Gunther). Redear sunfish. 

Stations: 3, 27, 30, 33D, 41B, 44, 50, 61B, 64. 

55. Lepomis punatatus (Valenciennes). Spotted sunfish. 

Station: 5. 

56. Mieropterus coosae Hubbs and Bailey. Redeye bass. 

Micropterus coosae.—Hubbs and Bailey, 1940:28 (Blount Co., Ala.). 

The redeye bass was the most abundant species of Micropterus collected 

in the Locust Fork. The 47 specimens were typically found in steep- 

gradient streams with rock or gravel bottoms. Stations: 28A, 30, 32, 

33D, 34, 52B, 56, 61A. 

57. Micropterus punctulatus (Rafinesque). Spotted bass. 

Micropterus punctulatus henshalli.—Hubbs and Bailey, 1940:18 (original 

description: Warrior, Jefferson Co., Ala.). 

Stations: 3, 27, 28A, 42, 47, 51, 52A, 53B. 

58. Micropterus salmoides (Lacepede). Largemouth bass. 

Stations: 1A, 26, 33D, 48E. 

59. Pomoxis annularis Rafinesque. White crappie. 

Stations: 1A, 2, 53B. 

60. 

Station: 

Pomoxis nigromaculatus (Le Sueur). Black crappie. 

44. 

PERCIDAE - PERCHES 

61. Etheostoma whipplei (Girard). Eastern redfin darter. 

Etheostoma whipplei alabamae.—Gilbert and Swain in Gilbert, 1887:62 

(Morris, Ala.).—Gilbert, 1891:157 (Warrior Station and Morris, Jef¬ 

ferson Co., Ala.). 

Poecilichthys whipplii artesiae.—Hubbs and Black, 1941:3 (distribution 

map) . 

In April of 1969 and 1970, this species was found spawning in the riffles, 

with males in brilliant breeding colors and females "running ripe" with 

eggs. Stations: 7, 15, 17, 19A, 20, 23, 28B, 29, 30, 31, 33D, 42, 48A, 

48B, 48E, 51, 53B, 58B, 74, 80. 
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62. Etheostoma jordani Gilbert. Greenbreast darter. 

Etheostoma jordani.--Zorach, 1967:85 and 86 (Blount and Jefferson coun¬ 

ties, Ala.).—Zorach, 1969:414 (the same). 

The greenbreast darter was collected at three localities where the streams 

cut through the limestone and cherty dolomite of Sand Mountain. It was 

usually present in the fast riffles of clear streams, over gravel and 

large stones. As noted by Zorach (1967), specimens from the Locust Fork 

frequently lack embedded scales on the opercle, whereas all other popula¬ 

tions have scaled opercles. Stations: 48A, 48B, 48E, 48F, 53A, 53B, 

53C, 54A, 54B. 

63. Etheostoma parvipinne Gilbert and Swain. Goldstripe darter. 

Station: 33D. 

64. Etheostoma rupestre Gilbert and Swain. Rock darter. 

The rock darter was collected at two localities in the Locust Fork drain¬ 

age. It was found in swift riffles over bedrock, gravel, and sand bot¬ 

toms. The only pther record of this species from above the Fall Line in 

the Black Warrior River system was collected by R. W. Bailey in 1954 from 

the Sipsey Fork (Tsai, 1968). On the basis of scale counts, Tsai (1968) 

recognized two well-defined populations of E. ncpestre, one from the 

Alabama River system and the other from the Tombigbee River system exclu¬ 

sive of the North River. The former had higher counts than the latter. 

The North River population was regarded as an intergrade between the two 

races. Moreover, the population from the Sipsey Fork of the Black War¬ 

rior River was found to be more similar in scale counts to the Alabama 

River race, especially to the Cahaba River population, than to the Tom¬ 

bigbee River race. 
Scale counts from the three specimens collected at station 28 indi¬ 

cate that the Locust Fork population, like the population from Sipsey 

Fork, is more closely allied to the Alabama River race than it is to the 

Tombigbee River race. Stations: 28B, 53C. 

65. Etheostoma stigmaeum (Jordan). Speckled darter. 

Ulocentra stigmaea.—Fowler, 1945:355 (Morris, Ala.). 

Etheostoma stigmaeum.—Gilbert, 1891:157 (Warrior Station and Morris, Jef¬ 

ferson Co., Ala.).—Howell, 1968:24 (Blount and Jefferson counties, 

Ala.). 

The speckled darter was usually taken over a bottom of sand and gravel in 

pools at the base of riffles. On 17 March 1969 and again on 3 April 1969, 

specimens that appeared to be spawning were taken in the riffles. The 

females were ripe and the males were in high breeding colors. Howell 

(1968) observed that spawning takes place in late March and early April 

for E. stigmaeum. Stations: 28B, 48A, 48B, 48E, 50, 51, 53A, 53B, 53C, 

74, 76, 78, 80. 

66. Etheostoma (Ulocentra) sp. Undescribed snubnose darter. 

? Etheostoma simoterum.—Gilbert, 1891:157 (Warrior Station and Morris, 

Jefferson Co., Ala.). 

Etheostoma (Ulocentra) sp.—Caldwell, 1965:14 (Trib. to Turkey Cr., Jef¬ 

ferson Co., Ala.). 

This undescribed snubnose darter is restricted to streams of the Black 

Warrior River drainage above Bankhead Lake. Acid mine wastes have reduced 
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the number of habitable streams considerably and this species was taken 

at only six localities in the Locust Fork system. The snubnose darters 

are currently under investigation by Dr. R. M. Bailey of the University 

of Michigan, and many have yet to receive a scientific name. Stations: 

33B, 33D, 34, 38A, 38B, 48A, 48B, 48E, 58B, 74. 

67. Percina oaprodes (Rafinesque). Logperch. 

Etheostoma oaprodes.—Gilbert, 1891:157 (Warrior Station and Morris, Jef¬ 

ferson Co., Ala.). 

Stations: 4, 27, 28A, 28B, 41A, 48B, 48E, 51, 52B, 53A, 53B, 53C, 61A, 

74, 80. 

68. Peroina copelandi (Jordan). Channel darter. 

The channel darter was collected only from one locality on the Little 

Warrior River. This is the first report of this species from the Warrior 

River in over fifty years. The specimens taken by R. D. Caldwell and W. 

M. Howell on 25 March 1967 were "running ripe," implying that the 

darters were probably spawning. They were taken in water about two feet 

deep and over a bottom of large cobblestones and boulders. Station: 53A, 

53C. 

69. Percina maculata (Girard). Blackside darter. 

Stations: 28B, 40, 41A, 53A, 53B, 53C. 

70. Percina nigrofasciata (Agassiz). Blackbanded darter. 

Etheostoma nigrofasdatum.—Gilbert, 1891:157 (Warrior Station and Morris, 

Jefferson Co., Ala.). 

Percina nigrofasciata.—Crawford, 1956:8 (Blount Co., Ala.). 

The blackbanded darter was the most abundant darter in the Locust Fork 

system. It showed no particular habitat preference, and was common in 

both pools and riffles. Stations: 20, 27, 28B, 30, 32, 33D, 41A, 41B, 

47, 48A, 48B, 48E, 48F, 50, 51, 52A, 53A, 53B, 53C. 

71. Stizostedion vitreim (Mitchill). Walleye. 

Station: 2. 

SCIAENIDAE - DRUMS 

72. Aplodinotus grunniens Rafinesque. Freshwater drum. 

The freshwater drum is most abundant in large streams and river impound¬ 

ments, and seems to inhabit deep waters. Stations: IB, 2. 

ANGUILLIDAE - FRESHWATER EELS 

73. Anguilla rostrata (Le Sueur). American eel. 

Station: 13. 

SALMONIDAE - TROUTS 

74. Salmo gairdneri Richardson. Rainbow trout. 

No specimens were collected; however, in February of 1970, over 20,000 

rainbow trout were stocked in Inland Lake, Locust Fork drainage. Rainbow 

trout are not known to occur natively in the Mobile Basin rivers. 
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DISCUSSION 

A survey of the fishes of the Locust Fork drainage of the Black War¬ 

rior River system in northcentral Alabama revealed the presence of 74 

species and subspecies representing 16 different families. 

Of the species collected, only one is endemic to the Black Warrior 

River system. The Warrior snubnose darter, an undescribed Etheostoma of 

the subgenus Ulocentra, is apparently restricted to the smaller streams 

of the Black Warrior drainage above Bankhead Lake. 

An additional 8 species collected in the Locust Fork are endemic or 

thought to have originated in the Mobile Bay drainage: Notropis callisti- 
us, N. chrosomus, N. stilbius, N. trichroistius, Phenacobius catostomus, 
Hypentelium etowanum, Micropterus coosaey and Etheostoma jordani. Five 

species collected during this survey represent range extensions for the 

Black Warrior River system: Anguilla rostrata, Notropis ardensy N. 
chrosomus, N. trichroistius, and N. whipplei. 

Smith-Vaniz (1968) stated that he knew of no collections of the Amer¬ 

ican eel (Anguilla rostrata) from above the Fall Line in the Mobile Bay 

drainage. He attributed the absence of this migratory euryhaline species 

from above the Fall Line to the rapid change in gradient and the construc¬ 

tion of dams. However, in addition to the Locust Fork record, we have ex¬ 

amined two specimens of this species collected from the Cahaba River in 

Jefferson County, Alabama. This species is undoubtedly more widespread 

than previously thought. 

Notropis ardens was previously thought to be restricted in Alabama 

to the Tennessee River drainage (Smith-Vaniz, 1968; Moore, 1968), but was 

collected at six localities in the headwater region of the Locust Fork 

drainage. Its presence here could be the result of introductions by 

fishermen, or it could have entered through headwater stream piracy from 

the Tennessee River drainage. If the invasion was by stream capture, the 

presence of this species in only the headwater streams of the drainage 

system could be a classic example of the Gause principle of competitive 

exclusion. According to this theorem, no two species can coexist at the 

same locality if they have identical ecological requirements, or niches 

(Mayr, 1966). If a native species was already occupying its preferred 

niche when N. ardens invaded via stream capture, range extension by either 

species would be prevented by its competitor. Although there is no ex¬ 

perimental evidence to substantiate the idea that competitive exclusion 

exists between the two species, the ranges of N. ardens and Notropis 
callistius appear to be complementary. In the absence of historical data, 

it is impossible to know if their collective distribution pattern is of 

a transient nature, or if it represents an example of relatively stable 

competitive exclusion. 

Prior to this study, Notropis chrosomus was thought to occur in only 

the Alabama, Coosa, and Cahaba river systems in the Mobile Bay drainage, 

and Notropis trichroistius was thought to be restricted to the Coosa, 

Tallapoosa, and Alabama river systems (Smith-Vaniz, 1968). However, both 

of these species were collected in eastern tributaries of the Locust Fork 
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drainage, where their occurrence is most likely the result of stream cap¬ 

ture. Likewise, the range of Notropis whipplei in Alabama was usually 

restricted to the Tennessee River system (Eddy, 1957; Moore, 1968). 

Smith-Vaniz (1968) reported that a few collections were known from the 

upper Black Warrior River system, and attributed its occurrence to intro¬ 

ductions by fishermen. However, its presence in the central portion of 

the Locust Fork drainage, plus its widespread occurrence in the Mulberry 

Fork (Duckett, 1972), suggests that this species has been present in the 

upper Black Warrior River system for some time, and that stream capture 

rather than bait bucket introduction may have been the source of invasion 

Stream capture is a geological occurrence that is frequently invoked 

in explanations regarding the distributions of various groups of fishes. 

Although often mentioned only in passing, it has been dealt with specifi¬ 

cally by several authors (Hayes and Campbell, 1894; Campbell, 1896; 

Thompson, 1939; Van der Schalie, 1945; Janssen, 1953; Kuehne and Bailey, 

1961; Ross and Carico, 1963; Thomberry, 1965; Ramsey, 1966; Clark and 

Stearn, 1968). In 1896, Campbell proposed a theoretical model for stream 

capture in its simplest form which is still held in high regard today. 

According to this model, if surface tilting occurs in a region where 

streams are contesting for divides, headwater erosion of the smaller 

streams will proceed in the direction of greater tilting and their sub¬ 

sequent course of flow will be perpendicular to the axis of tilting. 

Depending upon the type of substrate, the rate of uplift, and the volume 

of water involved, larger streams formerly crossing the new axis of up¬ 

lift could either corrode their channels at a rate sufficient to maintain 

their former courses, or become ponded and eventually reached by other 

streams now in the process of lengthening by headwater erosion. 

Unfortunately, it is difficult to pinpoint areas of capture when 

dealing with groups of fishes which have spread throughout large river 

systems subsequent to the time at which capture may have occurred. Such 

is the case with the Locust Fork, for specific physiographic features 

have not been found to support the biological evidence for stream capture 

However, several researchers working with the distribution patterns of 

various groups of fishes have lent support to the idea of stream capture 

by the upper Black Warrior River system from its neighboring drainages. 

Possible Tennessee River captures were suggested by Gibbs (1957), 

Minckley and Craddock (1962), and Crossman (1966). Gilbert (1964) pos¬ 

tulated that Notropis chrysocephalus chrysocephalus entered the Locust 

Fork through stream piracy from either the Tennessee or Coosa River sys¬ 

tem. Zorach (1967) suggested that Etheostoma jordani entered the upper 

Black Warrior drainage by stream capture from either the Coosa or Cahaba 

River system. Additional support for stream capture from the Cahaba 

River system was presented by Tsai (1968) and by Williams and Robins 

(1970). Howell and Williams (1971) suggested that Notropis trichroistius 
entered the Locust Fork system through a stream piracy from the Coosa 

River system. Thus, it seems possible that not just one, but several 

captures may have occurred between the upper Black Warrior River system 

and its adjacent drainages. 

As there is no supporting geological evidence for stream capture, a 

valid question may be raised with respect to introduction from the bait 
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buckets of fishermen. This explanation is perhaps applicable to the 

cyprinids involved, but it is unlikely that darters and sculpins have 

been introduced in this manner. 

A comparison of the Locust Fork fauna with that of adjacent drainages 

(Table 1) reveals a rather rich ichthyofauna for a drainage of its size. 

Caldwell (1969) reported 112 species for the upper Tombigbee River system. 

Smith-Vaniz (1968) reported 131 species for the Alabama portion of the 

Tennessee River system, 89 species for the Coosa River system, and 109 

species for the Cahaba River system. 

This rich fish fauna in the Locust Fork drainage is being seriously 

threatened by water pollution. Already industrial and mining wastes have 

rendered streams devoid of all signs of plant and animal life. Five Mile 

Creek and some of its tributaries northwest of Birmingham are dramatic 

examples. In addition, raw sewage and other organic wastes have made 

life in Village Creek intolerable for most species of fish. The situation 

is especially critical in western Jefferson County, where collecting ef¬ 

forts at eight different stations (6, 8, 10, 14, 16, 18, 22, and 24) 

yielded no specimens of fish whatsoever. Some form of pollution was ob¬ 

vious at each of these localities. For example, water samples from sta¬ 

tion 18B were found to contain over 5000 ppm of the phenolic compound, 

cresol, and literally acres of raw domestic sewage were observed floating 

on the surface at station 8. Another common aspect of disturbed or pol¬ 

luted environments is the great abundance of one or a few species and the 

great scarcity or absence of other species (Wilhm and Dorris, 1968). 

This phenomenon was observed at several additional stations where pollu¬ 

tion was either obvious or strongly suspect. 

Water pollution is not new to the Jefferson County area. In 1949, 

the Alabama Water Improvement Advisory Commission (AWIAC) reported on 

sampling work in the Warrior River Basin that was carried out during the 

period September-December, 1948. The Commission reported that Village 

and Five Mile creeks served as drainage outlets for sewage and industrial 

wastes from the metropolitan Birmingham area. Sampling points that had 

an average dissolved oxygen content of 5.0 ppm or less were found on Five 

Mile Creek for four sampling stations below Lewisburg, and on Village 

Creek from Ensley to a point just below Bayview Lake. At the same time, 

sampling points with an average biochemical oxygen demand of 5.0 ppm or 

more were found on Five Mile Creek for its entire length, and on Village 

Creek from Ensley to a point just below Bayview Lake. The report noted 

that Five Mile Creek received effluents from several sewage treatment 

plants and numerous industrial wastes, particularly from coal by-products 

plants. In the words of the Commission, "this stream is grossly polluted 

throughout its entire length and it is very probable that it cannot sup¬ 

port fish life" (1949:49). That portion of Village Creek above Bayview 

Lake was also described as "grossly polluted," and this condition was at¬ 

tributed primarily to domestic sewage from the Birmingham area. Since 

1949 Birmingham has grown tremendously, and the problem of water pollu¬ 

tion has become increasingly more critical in that time. 

Water pollution has recently received widespread attention in the 

Jefferson County area, in part because of several widely publicized fish 
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TABLE 1. Comparison of the Locust Fork fish fauna with that of adjacent 

drainage systems. (Data for Tombigbee River from Caldwell, 1969; data for 

Tennessee, Coosa, and Cahaba River systems from Smith- ■Vaniz, 1968). 

Tombigbee Tennessee Coosa Cahaba 

Species from Locust Fork River River River River 

Lampetva aepyptera X X X 

Lepisosteus osseus X X X X 

Alosa ehvysoehlovis X X X 

Dorosoma aepedianum X X X X 

Dovosoma petenense X X X X 

Esox amevieanus X X X X 

Esox nigev X X X X 

Campostoma anomalum X X X X 

Cypvinus aavpio X X X X 

Hybopsis storeriana X X X X 

Notemigonus evysoleucas X X X X 

Notvopis avdens X 

Notvopis aspevifvons X X 

Notvopis athevinoides X X X 

Notvopis oallistius X X 

Notvopis chvosomus X X 

Notvopis chvysoeephalus X X X X 
Notvopis stilbius X X X X 

Notvopis tviohroistius X 

Notvopis venustus X X X 
Notvopis volucellus X X X X 
Notvopis whipplei X 
Notvopis bellus 
Notvopis emiliae X X 
Phenaoobius oatostomus X X 
Pimephales notatus X X 

Pimephales pvomelas 
Pimephales vigilax X X X X 
Rhiniohthys atvatulus X X X 
Semotilus atvomaculatus X X X X 
Cavpiodes oypvinus X X X X 
Evimyzon oblongus X X X 
Hypentelium etowanum X X X 
Iotiobus bubalus X X X X 
Minytvema melanops X X X X 
Moxostoma duquesnei X X X X 
Moxostoma poeeiluvum X X 
Ietaluvus fuvoatus X X X X 
Ictaluvus melas X X X X 
Ietaluvus natalis X X X X 
Ietaluvus punetatus X X X X 
Notuvus leptaeanthus X X X 

(Table 1 continued, p. 136) 
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TABLE 1. (Continued) 

Tomblgbee Tennessee Coosa Cahaba 

Species from Locust Fork River River River River 

Pylodiotis olivaris X 

Fundulus olivaceus X 

Gambusia affinis X 

Cottus oarolinae X 

Morone ohrysops 
Ambloplites rupestris X 

Lepomis gulosus X 

Lepomis cyanellus X 

Lepomis humilis X 

Lepomis maoroohirus X 

Lepomis megalotis X 

Lepomis miorolophus X 

Lepomis punotatus X 

Mioropterus ooosae 
Mioropterus punotulatus X 

Mioropterus salmoides X 

Pomoxis annularis X 

Pomoxis nigromaoulatus X 

Etheostoma whipplei X 

Etheostoma jordani 
Etheostoma parvipinne X 

Etheostoma rupestre X 

Etheostoma stigmaeum X 

Etheostoma (Ulocentra) sp, 

Peroina oaprodes X 

Peroina oopelandi X 

Peroina maoulata X 

Peroina nigrofasoiata X 

Stizostedion vitreum X 

Aplodinotus grunniens X 

Anguilla rostrata X 

Salmo gairdneri 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

X 

X XX 

XXX 

XXX 

X X 

X X 

XXX 

XXX 

XXX 

XXX 

X X 

X X 

X 

X X 

XXX 

XXX 

X 

X X 

X X 

XXX 

XXX 

X 

Additional species 52 79 31 48 

kills on the Locust Fork. In October of 1969, over 750,000 game fish died 

in one massive fish kill, and several other such kills have been reported 

since then. These fish kills are ultimately man-caused, and if immediate 

steps are not taken to curb man's destruction of the aquatic environment, 

life in these waters may eventually disappear. 
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APPENDIX 

Collecting Stations 

Station 1A. Locust Fork; sec 16-17, T 17S, R 6W. UAIC 3353 

5, 20, 38, 47, 49, 51, 52, 58, 59. 

. Species 

Station IB. Locust Fork; sec 16, T 17S, R 6W. UAIC 3359. 

43, 72. 

Species: 

Station 2. Locust Fork; sec 20-21, T 17S, R 6W. UAIC 3352 

2, 3, 4, 9, 31, 34, 38, 41, 43, 47, 59, 71, 72 

. Species 

Station 3. Slough on Locust Fork; sec 22, T 17S, R 6W. UAIC 3335. 

Species: 20, 28, 39, 45, 48, 50, 52, 54, 57. 

Station 4. Tributary to Locust Fork; sec 11, T 18S, R 6W. 

Species: 7, 53, 67. 

UAIC 191. 

Station 5. Tributary to Locust Fork; sec 35, T 16S, R 6W, 

Species: 8, 30, 35, 44, 45, 50, 52, 55. 

UAIC 3303 

Station 6. Village Creek; sec 22, T 16S, R 5W. UAIC 3360. 

None collected, water heavily polluted. 

Species: 

Station 7. Tributary to Village Creek; sec 20, T 16S, R 4W. UAIC 51 

Species 45, 61. 

Station 8. Bayview Lake; sec 21, T 17S, R 4W. UAIC 3351. 

None collected, water polluted with sewage. 

Species: 
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Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

Station 

9. Slough on Bayview Lake; sec 28, T I7S, R 4W. UAIC 3349. 

Species 45. Water polluted. 

10. Camp Branch; sec 28, T 17S, R 4W. UAIC 3350. Species: None 

collected, water heavily polluted. 

11. Village Creek; sec 23, T 17S, R 3W. UAIC 3354. Species: 

45, 50. Water heavily polluted. 

12. Tributary to Locust Fork; sec 15, T 16S, R 5W. UAIC 3302. 

Species: 8, 18, 20, 44, 45, 52. 

13. Locust Fork; sec 11, T 16S, R 5W. UAIC 3301. Species: 18, 

20, 35, 39, 45, 50, 52. 

14. Five Mile Creek; sec 8, T 16S, R 4W. UAIC 3343. Water 

heavily polluted. Species: None collected. 

15. Tributary to Five Mile Creek; sec 23, T 16S, R 4W. UAIC 

803. Species: 8, 30, 61. 

16. Five Mile Creek; sec 33, T 16S, R 3W. UAIC 3357. Water 

heavily polluted with cresol. Species: None collected. 

17. Black Creek; sec 25, T 16S, R 3W. UAIC 3356. Species: 8, 

30, 32, 35, 50, 61. 

18A. Five Mile Creek; sec 1, T 17S, R 3W. UAIC 266. Petroleum 

scum observed. Species: None collected. 

18B. Five Mile Creek; sec 1, T 17S, R 3W. UAIC 3355. Water 

heavily polluted with cresol. Species: None collected. 

19A. Five Mile Creek; sec 33, T 16S, R 2W. UAIC 1223. Species: 

8, 17, 30, 33, 46, 61. 

19B. Five Mile Creek; sec 33, T 16S, R 2W. UAIC 1877. Species: 

8, 46. 

20. Five Mile Creek; sec 27, T 16S, R 2W. UAIC 1033. Species: 

33, 46, 61, 70. 

21. Unnamed spring, tributary to Five Mile Creek; sec 27, T 16S, 

R 2W. UAIC 1878. Species: 30, 46. 

22. Cane Creek; sec 31, T 15S, R 4W. UAIC 3336. Water polluted 

from coal mine wastes. Species: None collected. 

23. Tributary to Locust Fork; sec 30, T 15S, R 4W. UAIC 3337. 

Species: 8, 20, 45, 53, 61. 

24. Campbell Creek; sec 9, T 15S, R 4W. UAIC 3338. Water Pol¬ 

luted from strip mine drainage. Species: None collected. 
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Station 25. Ward Mill Creek; sec 2, T 15S, R 4W 
20. 

'. UAIC 3339 . Species: 

Station 26. Crooked Creek; sec 16-19, T 15S, R 
7, 20, 23, 44, 52, 53, 58. 

3W. UAIC 3318. Species: 

Station 27. Turkey Creek; sec 2, T 15S, R 3W. 
15, 20, 23, 24, 25, 33, 36, 52, 53, 

UAIC 3317. 
54, 57, 67, 

Species: 8, 
70. 

Station 28A. Turkey Creek; sec 12, T 15S, R 3W. 
8, 15, 17, 18, 20, 33, 36, 56. 

UAIC 226. Species: 2, 

Station 28B. Turkey Creek; sec 12, T 15S, R 3W. 
8, 17, 20, 33, 57, 61, 64, 65, 67, 

UAIC 3324. 
69, 70. 

Species: 

Station 29. Tributary to Turkey Creek; sec 14, 
Species: 8, 30, 61. 

T 15S, R 3W. UAIC 3310. 

Station 30. Cunningham Creek; sec 9, T 16S, R 2W. UAIC 3348. Species: 
4, 6, 8, 11, 15, 17, 19, 35, 36, 39, 44, 50, 52, 53, 54, 56, 
61, 70. 

Station 31. North Creek; sec 22, T 15S, R 2W. 
11, 17, 39, 44, 50, 52, 53, 61. 

UAIC 3347. Species: 8, 

Station 32. Turkey Creek; sec 15, T 15S, R 2W. 
14, 15, 33, 36, 50, 52, 53, 56, 70. 

UAIC 3346. Species: 

Station 33A. Turkey Creek; sec 30, T 15S, R 1W. UAIC 1059. Species: 46 

Station 33B. Turkey Creek; sec 30, T 15S, T 1W. 
33, 46, 66. 

UAIC 1400. Species: 8, 

Station 33C. Turkey Creek; sec 30, T 15S, R 1W. UAIC 2848. Species: 46 

Station 33D. Turkey Creek; sec 30, T 15S, R1W. 
sity). Species: 8, 15, 17, 30, 33 
56, 58, 61, 63, 66, 70. 

RDS 4662 (Tulane Univer- 
, 36, 45, 46, 50, 52, 54, 

Station 34. Tributary to Turkey Creek; sec 30, 
Species: 33, 36, 46, 56, 66. 

T 15S, R 1W. UAIC 1905. 

Station 35. Spring tributary to Turkey Creek; sec 1, T 16S, 
1904. Species: 17, 45, 46, 50. 

R 2W. UAIC 

Station 36. Tributary to Turkey Creek; sec 8, T 
Species: 30, 52. 

16S, R 1W. UAIC 1388. 

Station 37. Turkey Creek; sec 30, T 15S, R 1W. UAIC 233. Species: 17, 

33, 46. 

Station 38A. Spring tributary to Turkey Creek; sec 29, T 15S, R 1W. 
UAIC 1402. Species: 8, 46, 66.. 
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Station 38B. Spring tributary to Turkey Creek; 
3245. Species: 46, 66. 

sec 29, T 15S, R 1W. UAIC 

Station 38C. Tapawingo Plunge, tributary to Turkey Creek; sec 29, T 15S, 
R 1W. UAIC 3358. Species: 46. 

Station 38D. Spring tributary to Turkey Creek; sec 29, T 15S, R 1W. 
3250. Species: 33, 45, 46, 50, 52. 

UAIC 

Station 39. Locust Fork; sec 35, T 14S, R 3W. 
20, 53. 

UAIC 227. Species: 18, 

Station 40. Lick Creek; sec 6, T 14S, R 3W. UAIC 3311. Species: 8 
20, 30, 35, 53, 69. 

J 

Station 41A. Locust Fork; sec 24, T 14S, R 3W. 
18, 20, 22, 28, 44, 45, 50, 53, 67 

UAIC 3316. 
, 69, 70. 

Species: 15, 

Station 41B. Locust Fork; sec 24, T 14S, R 3W. 
6, 8, 15, 18, 20, 21, 22, 28, 35, 

UAIC 3325. 
37, 44, 45, 

Species: 
53, 54, 70 

A, 

Station 42. Hogeland Creek; sec 6, T 14S, R 2W 
20, 23, 30, 44, 52, 53, 57, 61. 

. UAIC 3326 . Species 

Station 43. Tributary to unnamed lake; sec 29, 
Species: 23, 44, 50. 

T 13S, R 2W . UAIC 3340. 

Station 44. Junction of Gurley and Self creeks; sec 21, T 14S, R 2W. 
UAIC 3312. Species: 8, 11, 15, 18, 20, 21, 22, 25, 30, 
50, 52, 53, 54, 60. 

33, 

Station 45. Self Creek; sec 28, T 14S, R 2W. 
26, 30, 40, 44, 50, 52. 

UAIC 3344. Species: 11, 

Station 46. Self Creek; sec 2-11, T 15S, R 2W. 
30, 40, 50, 52. 

UAIC 3345. Species: 8, 

Station 47. Gurley Creek; sec 23, T 14S, R 2W. 
15, 17, 18, 20, 44, 53, 57, 70. 

UAIC 3327. Species: 8, 

Station 48A. Gurley Creek; sec 30, T 14S, R 1W. 
50, 61, 62, 65, 66, 70. 

UAIC 1879. Species: 8, 

Station 48B. Gurley Creek; sec 30, R 14S, R 1W. 
15, 16, 17, 19, 33, 36, 46, 50, 61 

UAIC 1906. 
, 62, 65, 66 

Species: 
, 67, 70. 

8, 

Station 48C. Gurley Creek; sec 30, T 14S, R 1W. UAIC 3173. Species: 46 

Station 48D. Gurley Creek; sec 30, T 14S, R 1W. UAIC 3003. Species: 18 

Station 48E. Gurley Creek; sec 30, T 14S, R1W. 
13, 15, 16, 18, 20, 33, 35, 46, 50 

UAIC 3305. 
, 52, 58, 61 

Species: 
, 62, 65, 

8, 
66, 

67, 70. 
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Station 48F. 

Station 49. 

Station 50. 

Station 51. 

Station 52A. 

Station 52B. 

Station 53A. 

Station 53B. 

Station 53C. 

Station 54A. 

Station 54B. 

Station 55. 

Station 56. 

Station 57. 

Station 58A. 

Station 58B. 

Gurley 
8, 15, 

Creek; 
44, 52 

sec 30, T 14S 
, 53, 62, 70. 

, R 1W. UAIC 3342. Species : 1 

Gurley 
16, 33, 

Creek; sec 34, T 14S , R 1W. UAIC 3023. Species : 8 

Locust 
65, 70. 

Fork; sec 3, T 14S, R 2W. UAIC 3341. Species: 54, 

Locust Fork; sec 24, T 13S, R 2W. UAIC 3319. Species: 2, 
8, 14, 
65, 67, 

15, 18 
, 70. 

, 20, 22, 27, 28, 33, 42, 44, 45, , 53, 57, 61, 

Locust Fork; sec 32, T 12S, R 1W. UAIC 3320. Species: 6, 
8, 15, 
57, 70, 

18, 20 , 25, 28, 30, 36, 37, 41, 42, 44, , 45, 52, 53, 

Locust 
10, 14, 

Fork; sec 32, T 12S, 
, 15, 18, 20, 44, 45, 

R 1W. 
56, 67 

UAIC 3323. Species: 8, 

Little Warrior River ; sec 11, T 13S, R 1W. UAIC 2512. 
Species: 8, 11, 15, 
70. 

18, 20, 45, 46, 53 , 62, 65, 67, 68, 69, 

Little Warrior River ; sec 11, T 13S, R 1W. UAIC 3304. 
Species: 8, 18, 20, 28, 30, 33, 36, 44 , 46, 50, 52, 53, 57, 
59, 61, 62, 65, 67, 69, 70. 

Little Warrior River ; sec 11, T 13S, R 1W. RDS 4663 (Tulane 
Univ.). Species: 8 , 15 , 18, 20 , 28 , 33, 41 , 44, 45, 46, 
50, 52, 53, 61, 62, 64, 65, 67, 68, 69, 70. 

Blackburn Fork of Little Warrior River; sec 32, T 13S, R IE. 
UAIC 3309. Species: 16 , 18, 20 , 27 , 44, 45 , 50, 62. 

Blackburn Fork of Little Warrior River; sec 32, T 13S, R IE. 
UAIC 3334. Species: 7, 8, 15, 18, 20, 36, 44, 53, 62. 

Blackburn Fork of Little Warrior River; sec 5, T 14S, R IE. 
UAIC 3361. Species: 18, 44. 

Blackburn Fork of Little Warrior River; sec 15, T 13S, R 2E. 
UAIC 232. Species: 17, 18, 53, 56. 

Unnamed spring, tributary to Calvert Prong of Little Warrior 
River; sec 12, T 13S, R IE. UAIC 1428. Species: 11. 

Tributary to Calvert Prong of Little Warrior River; sec 1, 
T 13S, R IE. UAIC 231. Species: 17, 33. 

Berry Creek, sec 1, T 13S, R IE. UAIC 3251. Species: 30, 
33, 46, 61, 66. 
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Station 59. Calvert Prong of Little Warrior River; sec 14, 
UAIC 230. Species: 15, 17, 33. 

T 12S, R IE. 

Station 60. Sand Valley Creek; sec 9, T 12S, 
30, 45, 52. 

R 2E. UAIC 3315. Species: 

Station 61A. Locust Fork; sec 23, T 12S, R 1W. 
8, 15, 18, 20, 28, 45, 56, 67. 

UAIC 228. Species: 2, 

Station 6IB. Locust Fork; sec 23, T 12S, R 1W. 
8, 15, 18, 20, 21, 28, 52, 53, 54 

UAIC 3322. Species: 2, 

Station 62. Dry Creek; sec 17, T 12S, R IE. UAIC 229. Species: 8, 17. 

Station 63. Locust Fork; sec 13, T 12S, R 1W. 
15, 18, 20, 28. 

UAIC 3321. Species: 8, 

Station 64. Locust Fork; sec 32, T 11S, R IE. 
15, 18, 20, 41, 50, 54. 

UAIC 3313. Species: 8, 

Station 65. Locust Fork; sec 24, T 11S, R IE. 
18, 20, 30, 45. 

UAIC 3328. Species: 8, 

Station 66. Locust Fork; sec 4, T 11S, R 2E. UAIC 3329. Species: 30. 

Station 67. Whippoorwill Creek; sec 33, T 11S 
13, 18, 20, 45. 

, R 3E. UAIC 198. Species 

Station 68. Slab Creek; sec 13-14, T 10S, R 2E. UAIC 3331 
11, 30, 48, 50, 52. 

. Species: 

Station 69. Slab Creek; sec 10, T 10S, R 3E. 
20, 30. 

UAIC 200. Species: 15, 

Station 70. Slab Creek; sec 36, T 9S, R 3E. UAIC 43. Species: 18. 

Station 71A. Locust Fork; sec 25, T 10S, R 2E. 
45. 

UAIC 3314. Species: 8, 

Station 7 IB. Locust Fork; sec 25, T 10S, R 2E. 
12, 18, 20, 50, 52. 

UAIC 3332. Species: 8, 

Station 72. Big Mud Creek; sec 30, T 10S, R 3E. UAIC 3333 
52. 

Species: 

Station 73. Locust Fork; sec 6, T 1IS, R 3E. 
18, 20, 45. 

UAIC 3330. Species: 12, 

Station 74. Little Cove Creek; sec 12, T 11S, 
8, 12, 13, 17, 30, 33, 45, 50, 61 

R 3E. UAIC 
, 65, 66, 67. 

3307. Species 

Station 75. Cove Spring; sec 6, T 11S, R 4E. UAIC 1431. Species: 50. 

145 



Journal of the Alabama Academy of Science 

Station 76. Locust Fork; sec 14, T 11S, R 
12, 17, 18, 33, 65. 

3E. UAIC 1430. Species: 8, 

Station 77. Tributary to Bristow Creek; sec 14 
Species: 8, 17, 18, 20, 30, 33. 

, T 11S, R 3E. UAIC 199. 

Station 78. Locust Fork; sec 14, T 1 IS, R 
13, 18, 20, 45, 50, 52, 65. 

3E. UAIC 3306. Species: 12 

Station 79. Tributary to Locust Fork; sec 
Species: 45. 

23, T 11S, R 3E . UAIC 1429. 

Station 80. Locust Fork; sec 32, T 12S, R 
13, 18, 30, 52, 61, 65, 67. 

3E. UAIC 3308. Species: 12 
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Socio-Economic Status and Academic Achievement 

A COMPARATIVE STUDY OF THE SOCIO-ECONOMIC STATUS AND ACADEMIC 

ACHIEVEMENT OF PUPILS AT WASHINGTON HIGH SCHOOL, 

BREWTON, ALABAMA 

Lilia W. Burns 

Brewton City Board of Education 

Brewton, Alabama 

INTRODUCTION 

In recent years, and especially during the past decade, American 

educational thinking and practice have moved steadily toward closer and 

more effective cooperation between schools and their supporting commu¬ 

nities. Educators are realizing that all life is educative; that the 

democratic school must become definitely concerned with the improvement 

of community and social living; that functional education requires active 

participation in constructive community activities; that the major areas 

and problems of life should give direction to the curriculum; that lay 

participation in school policy-planning builds support as well as better 

school programs; that the school must lead in coordinating community ef¬ 

fort for better education and promotion of democracy; and that in the 

Space Age the community must be defined in local, regional, national and 

even world-wide terms. 

The trend to vitalize education by relating the school program to 

community living may represent the most significant and potentially far 

reaching development in our century. 

It is important to enlighten educators of the importance and the 

significance of the socio-economic status, academic acheivement, and in¬ 

telligence of pupils in any school. It is further important to help 

others in the educational fields to understand some of the problems that 

develop from the socio-economic status and academic achievement of pupils, 

thus helping build a more educative and responding society. 

REVIEW OF RELATED LITERATURE 

When people first meet, they often ask questions of subtle intent. 

What do you do? Where do you work? Where do you live? Who do you know? 

Where did you go to school? What is your church? No matter how the 

queries are phrased, the asker is seeking to place the other in a ranking 

system. Each one is trying to find out how the other probably will act 

by tentatively assigning him to a "place" in a community.1 

People live by the illusion of social status. The illusion of place 

in a system of rank persists because a large proportion of families main¬ 

tain the same relative social position through several generations. A 

few are "higher," some are "lower," and others are "in the middle." Often 

certain individuals and families are pointed out as typical of each kind 

Edward G. Olsen, School and Community (New York: Prentice-Hall, 

Inc., 1955), pp. 88-89. 
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of position. Those who associate socially outside of working hours con¬ 

stitute "reference groups" by which relative patterns or "place" in a 

community is judged. The illusion, then, becomes very real in the lives 

of people. 

The series of ranked groups are called statuses or "social classes." 

The latter term is used in the sociological sense to refer to observed 

differences in reputation and participation. The process of social mo¬ 

bility, moving from one relative position in a ranked order to another, 

begins with the opportunity to learn new kinds of social behavior. 

According to Howard Hale Long's2 investigation on "Test Results of 

Negro Children" selected on the basis of socio-economic status, test re¬ 

sults from eight different intelligence and achievement tests applied to 

the same pupils under controlled conditions were compared and two groups 

of pupils differing in socio-economic background were used in order to 

discover differential behavior with respect to these tests. Several 

parts of the report are devoted to the description of the socio-economic 

background of the subjects; the primary objective was the analysis of the 

test results. The socio-economic grouping was intended to serve this 

end. 

The significant assumptions in this investigation are: (a) that dif¬ 

ferences resulting from several tests administered to the same group of 

pupils are test differences; (b) that significant differences resulting 

from the same test administered to different groups are group differences. 

In the absence of a reliable and valid measure of socio-economic status, 

the writer elected (a) to take detailed social histories and tabulate the 

results as a description of the two groups of subjects and (b) describe 

the community life. The combination (a) and (b) should give a concrete 

picture for those interested in interpretations. An excellent contribu¬ 

tion has been made by Sanders.3 4 

Gough1* expressed views on the relationship of socio-economic status 

to personality inventory and achievement test scores. One of the funda¬ 

mental problems of sociology and social psychology is to determine the ef¬ 

fects of various social conditions on the personalities of the members of 

society. The impress of social variables upon the individual can be ob¬ 

served and classified from a number of different aspects. One of the 

most important of these, especially in a mobile, industrial and strati¬ 

fied society, is socio-economic status. 

2Howard H. Long, "Test Results of Third Grade Negro Children on the 

Basis of Socio-economic Status," Journal of Negro Education, IV (April, 

1935), pp. 192-212. 

3Barber S. Sanders, Environment and Growth, (Baltimore: Warwick and 

York, 1934), p. 375. 

4Harrison G. Gough, "The Relationship of Socio-Economic Status to 

Personality Inventory and Achievement Test Scores," Journal of Educational 
Psychology, XXXVII (December, 1946), pp. 527.-540. 

148 



Socio-Economic Status and Academic Achievement 

The most widely accepted definition of socio-economic status is 

Chapin's:* 5 "Socio-economic status is the position that an individual or 

family occupies with reference to the prevailing average standards of cul¬ 

tural possessions, and participation in group activity of the community." 

Young,6 contends that status is a function of interaction, and that 

it results from acceptance by self, and others, of the role the person 

plays in the interaction. Young also emphasizes the prestige dimension 

of status. 

Loevinger7 has given a critical analysis, suggesting that the concept 

as used contains several highly diverse and unrelated elements, and that 

it is not accurate to treat it as a separate unit. Specifically, she as¬ 

serts that the concept includes a large unrecognized intellectual factor, 

that the economic element is directly related, and that the concept erro¬ 

neously assumes that social differences are amenable to linear quantifica¬ 

tion. 

The intellectual contention is substantiated by the close relation¬ 

ships found between intelligence, occupational level, and status. The 

vacillating correlation between social and economic status indices indi¬ 

cate that the two variables are unrelated, rather than subparts of a so¬ 

cial cluster. The scaling of occupations by different persons, besides 

showing a high error of estimate, is dependent upon individual reference 

and rarely yields a linear distribution. 

These criticisms underscore the need for careful thinking, and sug¬ 

gest that status should be conceived of as a prestige variable dependent 

on social and economic factors, which are not configured in any constant 

manner. The prediction of status, or the measurement of status, will be 

based upon a broad sampling of such factors and will provide estimates of 

reasonable, although not exact, validity. 

Schmuck and Schmuck's8 objectives of a study, "Upward Mobility and 

I. Q. Performance," elaborate on the lead taken by Davis, Haveghurst and 

Eels when they enumerated certain socio-psychological factors of social 

class and the relationship of these to a youngster's performance on an 

I. Q. test. 

JF. Stuart Chapin, Education and the Mores (New York: A.M.S. Press, 

Inc., 1968 reprint), p. 114. 

6K. Young, Sociology (New York: American Book Company, 1942), p. 102. 

7J. Loevinger, "Intelligence As Related to Socio-Economic Factors," 

The Thirty-Ninth Yearbook of the National Society for the Study of Educa¬ 
tion, Part I, "Intelligence: It's Nature and Nurture," 'Comparative and 

Critical Exposition' (Bloomington, Illinois: Public School Publishing 

Company, 1940), pp. 158-210. 

8Rlchard A. Schmuck and Robert W. Schmuck, "Upward Mobility and I. Q. 

Performance," Journal of Educational Research, LV, 1961-62, pp. 123-127. 
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The point of view adopted here is that the "mental age" of a child 

is determined by a complex interaction between innate and environmental 

factors and that both of these factors are mirrored either directly or 

indirectly in the social psychological dynamics of the family. The at¬ 

tempt being made here then is not to dictate which is of greater impor¬ 

tance in determining the performance of a child on an I. Q. test, heredity 

or environment but to find associations between the child's I. Q. score 

and variables of the social milien to which he is exposed. 

The principle independent variable of interest in Schmuck and 

Schmuck's study was a family's social mobility. Because of the present 

importance placed on formal education in the occupational and social 

hierarchy of our country, it is reasonable to assert that families which 

are upwardly mobile should be exerting a fair amount of pressure on their 

children to achieve a high level of competence in school activities. It 

is also quite reasonable to assert that typically academic skills such as 

reading, the manipulation of numbers, and creative thinking were empha¬ 

sized and reinforced by these families either maintaining the social class 

level of their parents or on the "way down" in the society. 

Another objective is to find additional variables which relate to 

the performance of a youngster on an I. Q. test, such as the occupational 

type (head or hands) of the father and the formal education of the par¬ 

ents. The expectations here, following a similar line of reasoning as 

above, would be to find a high degree of association between amount of 

formal education and occupational type on the part of the father; and an 

association between parental occupation and/or education, and the child's 

performance on an I. Q. test. 

The variables used in determining the extent and direction of mobil¬ 

ity for each family studied are (1) ecological movement, (2) occupational 

status, and (3) formal education. 

An attempt was made by Schmuck and SchmuckJ to find relationships 

between sociological variables and the performance on an I. Q. test of 

fourth-grade pupils in an all-Caucasian, all-Christian Detroit suburb. 

Results show a significant relationship between a family's social mobility 

and the preformance of the fourth-grade children. On Kuhlmann-Finch10 

test of intelligence, "distinctly" upward mobile families tend to have 

high I. Q. children while "negligibly" upwardly mobile families tend to 

have the low I. Q. children. The data further reveal that "head" occu¬ 

pational fathers tend to have low I. Q. children and that fathers with 

more than 12 years of formal education tend to have high I. Q. children. 

Fathers with 12 years or less of formal education tend to have low I. Q. 

children. Further scrutiny of the data revealed the unexpected result 

that children whose mothers work outside the home tend to score in the 

low I. Q. group 96% of the time. 

3Ibid,, pp. 123-127. 

10F. H. Finch and F. Kuhlmann, Kuhlmann-Finch Intelligence Tests 
(Philadelphia: Educational Publishers, Inc., 1952). 
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Eels11 reported that a number of community studies have been made by 

the method of Warner and associates. Community analyses have been made 

of three communities, (1) New England, (2) Southern Section, and (3) Mid- 

Western. Eels has summarized the characteristics which seem to distin¬ 

guish the environments in which high and low status pupils are reared. 

The summary deals only with characteristics which may have some fairly 

obvious and direct bearing on the ability of children from different 

socio-economic or status backgrounds. 

An article by Jacobson1- relates to the teaching of specific problems 

faced in the improvement of reading; he states: "There are vast differ¬ 

ences in the interests, abilities, and family background which condition 

the success of the individual in reading and influence markedly his sat¬ 

isfaction and progress through the secondary school period." Griffith13 

had essentially the same point of view. 

Belcher14 sought to determine whether broken-home and intact-home 

students in grades 7, 8, and 9 at Townsend Park School, Pine Bluff, 

Arkansas would score significantly different grade point averages in 

courses pursued during the 1959-60 school term. His findings revealed 

that (1) a significant difference existed between the grade placement 

means earned on the California Achievement Test by broken-home and intact- 

home samples in all grades studied; (2) the difference in the means was 

in disfavor of the broken homes; (3) broken home samples were retarded by 

1.32 grades, 2.35 grades and 2.58 grades, in grades 7, 8, and 9, respec¬ 

tively; and grade point averages in courses pursued during 1959-60 were 

in disfavor of the broken home samples. 

In a similar view, Hieronymus15 assumed that there is a significant 

correlation between school achievement and socio-economic status. To 

test his hypothesis a sample of 610 ninth-grade students of 4-year high 

31K. Eels, "Some Implications for School Practice on the Chicago 

Studies of Cultural Bias in Intelligence Tests," Harvard Educational Re¬ 
view, XXIII (Fall, 1953). 

^Paul B. Jacobson, "Specific Problems Faced in Further Efforts to 

Improve Reading, with Special Reference to High Schools and Colleges," 

Adjusting Reading Programs to Individuals, No. 52 (October, 1941), p. 30. 

13Coleman R. Griffith, "Individual Differences among Pupils and 

Their Relation to the Reading Program with Special Reference to High 

Schools and Colleges," Adjusting Reading Programs to Individuals, No. 52 

(October, 1941), p. 87. 

14Leon H. Belcher, Abstracts of Field Studies for the Degree of 
Doctor of Education (Ann Arbor: University Micro-Films, 1961), p. 23. 

ljA. N. Hieronymus, "A Study of Social Class Motivation; Relation¬ 

ship between Anxiety for Education and Certain Socio-Economic and Intel¬ 

lectual Variables," Journal of Educational Psychology, XLII (April, 1951), 

pp. 192-205. 
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schools in a Mid-western city were used. To obtain data for the Sims 

Score Card, the Iowa Test of Educational Development and original scale 

for measuring attitudes toward education and the pupils' school records 

were selected instruments. Hieronymus's findings revealed that (1) the 

correlations between socio-economic status and test intelligence were 

0.41 and 0.36 for boys and girls respectively and (2) the correlation 

between socio-economic status and attitudes toward education was 0.30. 

It was disclosed by Murfin16 in a study of two groups of fourth- 

grade children from different socio-economic levels that (1) children of 

the upper school expressed attitudes more favorable to school success 

than the attitudes expressed by pupils of the lower school and (2) pupils 

of the lower school reported more often the absence of parental interest 

in the school program. 

METHOD OF INVESTIGATION 

The data for this investigation were obtained by the following 

methods: (1) closed form questionnaire, (2) home visitations, and (3) 

the California Short Form Mental Maturity and Achievement Test. 

The 208 pupils involved in the study were randomly selected from 

grades 7-12 at Washington High School, Brewton, Alabama. The California 

Achievement Test has reliability coefficients of 0.95, 0.94, and 0.93 for 

for total reading, arithmetic and language, respectively, based on 200 

cases. It represents a well constructed achievement test battery of 
1 7 

these subjects.1 

The California Short Form Test of Mental Maturity was utilized to 

obtain data on the intelligence of the pupils. This test also has a high 

reliability coefficient of 0.87 based on 200 cases. 

RESULTS AND DISCUSSION 

The data are reported in tables and figures by numbers and percent¬ 

ages, mean scores, and Pearson Product Moment Correlation Coefficient. 

Included are data concerning church preference of families of randomly 

selected pupils, a comparison of home owners and tenants, number of 

children per family attending school, number of children in each family, 

number in household, educational status of parents and guardians, income 

of families, occupational status of male and female parents and guardians 

a comparison of results from the California Short Form Mental Maturity 

and Achievement Test, the distribution of I. Q. scores, and age distri¬ 

bution of fathers, mothers and guardians. 

One of the features of community life in Brewton is its religious 

16Mord Murfin, Studies of Education (Bloomington: University of In¬ 

diana Press, 1952), pp. 239-243. 

170scar K. Buros, The Fifth Mental Measurements Yearbook (New Jersey 

The Gryphon Press, 1959), p. 314. 
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activities. Facilities are provided for religious education, fellowship, 

and recreation in many of the churches and their programs are far-reach¬ 

ing. 

From the closed form questionnaire the interpretation of data in 

Table 1 reveals that most families (159 or 76.44%) are members of the 

Baptist churches, and 18.27% are members of the Church of Christ; 3.85% 

are members of the Methodist church and 1.44% belong to other denomina¬ 

tional churches. Church membership of the selected families has been 

stable for the past 6 years. 

TABLE 1. Church preference of families of 208 randomly selected pupils. 

Church preference Number of families Percent 

Baptist 159 76.44 

Church of Christ 38 18.27 

Methodists 8 3.85 

Others 3 1.44 

Evidence in Table 2 reveals an increase of 2.4% home owners and a 

decrease of 2.4% tenants over a period of 6 years from 1960-61 to 1965-66. 

The figures also indicate that the 2.4% tenants purchased homes during 

this period; this represents a relatively small percentage. It also re¬ 

veals stability of the upward mobility of these families. 

TABLE 2. Comparison of home owners and tenants of families of 208 ran¬ 

domly selected pupils. 

Family status 

1960-61 1965-66 

Number Percent Number Percent 

Home owners 131 62.98 136 65.38 

Tenants 77 37.02 72 34.62 

Total 208 100.00 208 100.00 

Table 3 shows the number of children per family attending school in 

1960-61 compared to the number in 1965-66. Data computed from the table 

provide a mean distribution of 18.8% for 1960-61 and 26.1% for 1965-66. 

Families of 4, 5, and 6 children per family attending school increased in 
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TABLE 3. Number of children per family attending school in 1960-61 com¬ 
pared to 1965-66. 

Number of children 

per family attend¬ 

ing school 

Families in 1960-61 Families in 1965-66 

Number Percent Number Percent 

1 59 28. 37 38 18.27 
2 57 27.40 32 15.38 
3 44 21. 15 24 11.54 
4 21 10.10 49 23.56 
5 10 4.81 45 21.63 
6 11 5.29 17 8. 18 
7 4 1.92 2 0.96 
8 2 0.96 1 0.48 

Total 208 100.00 208 100.00 

1965-66 while families 

decreased in 1965-66. 

with 1, 2, 3 , 7, and 8 children attending school 

Children entering junior high school from the elementary department 

and senior high from the junior high department are accountable for the 

fluxion. Grades 1 through 12 are housed on the same campus. 

Further data from the closed form questionnaire in Table 4 reveal 

the distribution of children per family in 1960-61 compared to 1965-66. 

In 1965-66 families with 1, 2, 3, 4, and 13 children per family showed a 

decrease and families with 5-12 children showed an increase over the num¬ 

ber in 1960-61. 

Data in Table 5 reveal the number of persons in the household of 

the families of randomly selected pupils. The number of families in 

1965-66 with 8-13 persons increased and the number with 2, 3, 4, 5, 6, 

and 15 persons in household decreased, as compared to 1960-61. This 

points to evidence of over-crowded living conditions in the homes and 

presents a picture of poverty, slums, and low economic status, which is 

directly influential upon upward mobility and academic achievement of 

pupils involved in this investigation. 

The data in Table 6 reveal that the educational status of male and 

female parents or guardians is relatively low. During the period 1960-61 

to 1965-66 there was no increase, in fact a decrease, in the percentage 

of female parents that completed secondary school and graduated from high 

school. The number of female parents or guardians that graduated from a 

4-year college increased only from 1 to 3 during the 6-year period. One 

female parent received a Master's degree. The data for male parents were 

quite similar to those for females. 
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TABLE 4. Number of children in families of randomly selected pupils in 

1960-61 compared to 1965-66. 

Number of children Families in 1960-61 Families in 1965-66 

in family 

Number Percent Number Percent 

1 29 13.94 3 1.44 

2 43 20.68 17 8.17 

3 29 13.94 16 7.69 

4 27 12.98 18 8.65 

5 24 11.54 47 22.60 

6 20 9.62 39 18.75 

7 11 5.29 21 10.10 

8 12 5.77 18 8.65 

9 8 3.84 15 7.21 

10 4 1.92 7 3.37 

11 0 0 6 2.89 

12 0 0 1 0.48 

13 1 0.48 0 0 

Total 208 100.00 208 100.00 

TABLE 5. Number in the household of the randomly selected pupils in I960 

61 compared to 1965-66. 

Number in household, 

parents (guardian) 

Families in 1960-61 Families in 1965-66 

Number Percent Number Percent and children 

2 12 5.77 6 2.89 

3 21 10.10 3 1.44 

4 29 13.94 17 8.17 

5 28 13.46 16 7.69 

6 31 14.90 18 8.65 
7 26 12.50 41 19.71 
8 19 9.14 39 18.75 
9 13 6.25 21 10.10 

10 15 7.21 18 8.65 
11 9 4.33 15 7.22 
12 3 1.44 7 3.37 

13 0 0 6 2.88 

14 1 0.48 1 0.48 

15 1 0.48 0 0 

Total 208 100.00 208 100.00 
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The closed form questionnaire reveals the annual income for 1960-61 

compared to 1965-66 (Table 7). For the year 1960-61, the majority of the 

families, 55.29%, fell in the $600-2000 income range. By 1965-66, the 

$1000-2000 income range contained the majority of the families, i.e. 

62.98%. This indicates an upward trend in income levels for the families 

with incomes at the lower half of the income scale. The number of people 

in the lowest income ranges of $0-1000 decreased during this same period 

and the percentage in the upper income ranges remained about the same. 

TABLE 7. The income of families of 208 randomly selected pupils. 

Income 

Families in 1960-61 Families in 1965-66 

Number Percent Number Percent 

0 - 600 21 10.10 9 4.33 

600 - 1,000 57 27.40 39 18.75 

1,000 - 2,000 58 27.89 54 25.96 

2,000 - 3,000 42 20.19 77 37.02 

3,000 - 4,000 24 11.54 9 4.33 

4,000 - 5,000 4 1.92 8 3.85 

5,000 - 6,000 0 0.00 10 4.80 

6,000 - 7,000 2 0.96 1 0.48 

7,000 - over 0 0.00 1 0.48 

Total 208 100,00 208 100.00 

Data in Table 8 reveal the number and percent of male and female 

parents and guardians in listed occupational categories in 1960-61 and 

1965-66. 

The category of "Laborers except farm and mine" comprised the high¬ 

est percentage of male parent occupations in both 1960-61 (47.24%) and 

1965-66 (36.81%), showing approximately a 10% decrease during the 6-year 

period. The highest percentage of female occupations was in the "Domes¬ 

tic service workers" category, this increasing slightly from 57.7% in 

1960-61 to 63.94% in 1965-66. A relatively high percentage (25%) of fe¬ 

male parents also fell into the "Homemakers" category in 1960-61, but 

decreased to 9.14% in 1965-66. The "Skilled labor" category contained 

15.34% male and 12.50% female in 1965-66. The rising economy necessi¬ 

tates the female status as a homemaker to change to the occupational 

status group. This indicates upward mobility of the family in many in¬ 

stances and at the same time provides for demands of the present day 

economy. 

Downie and Heath18 stated. 

18to. M. Downie and R. W. Heath, Basic Statistical Methods (New York: 

Harper and Row Publisher, 1959), pp. 77-79. 
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Correlation is basically a measure of relationship between two 

or more variables. If we consider some of the common things 

that we measure, we see that high grades in English tend to be 

associated with high grades in foreign languages. Both of 

these tend to be associated with high scores on intelligence 

tests. In the physical domain, tall people tend to be heavier 

than short people. The volume of a gas is related to the pres¬ 

sure under which it is kept. So in all aspects of life, we 

find that there are relationships of one sort or another. It 

should be noted here that these relationships do not necessarily 

imply that one is the cause of the other. This may or may not 

be the case. In some situations, we find that two variables 

are related because they are both related to or are caused by 

a third variable. 

The size of the Pearson product-movement correlation coeffici¬ 

ent varies from +1 through 0 to -1. The correlation coeffici¬ 

ent tells us two things. First, we have an indication of the 

magnitude of the relationship. It is worth noting at this 

point that a correlation of -0.88 is the same size as one of 

+0.88. The sign has nothing to do with the size of the rela¬ 

tionship, but it does give information about the direstion of 

the relationship. When two variables are positively related to 

academic grades, in general, the higher the intelligence scores, 

the higher the grades received in school. Other variables are 

inversely related; as one increases, the other decreases. The 

absence of a relationship is denoted by a correlation coeffici¬ 

ent of 0.00 or thereabout. 

The scattergram, or scatter plot, in Table 9 has been constructed to 

show simultaneously the relationship between two variables, scores from 

the California Short Form Mental Maturity and Achievement Test in 1960-61 

compared to 1965-66. On the abscissa are plotted the x values, test re¬ 

sults for 1960-61, and on the ordinates the y values, test results for 

1965-66. Each point in the table represents an individual's score on 

both x and y. The scattergram indicates an increase of two units on the 

x variable and a corresponding increase of one unit on the y variable. 

When pairs of variables like these are plotted they fall along a straight 

line and when this straight line runs from the lower left to the upper 

right, we have a perfect positive relationship. The correlation coeffeci- 

ent of Table 9 is 0.942 — almost a perfect correlation which would be 

equal to +1.00. 

Data in Table 10 are mean I. Q. scores of the pupils' performance on 

the California Short Form Mental Maturity and Achievement Test for grades 

7-12. There was an increase in mean scores for each grade from 1960-61 

to 1965-66; student performance improved over the 6-year period. 

The data In Table 11 reveal the distribution of I. Q. scores of 

pupils of grades 7-12 for 1960-61. Table 11 shows that all grades with 

the exception of 10 and 11 had the largest percentage of students scoring 

between 61 and 67. In grade 10 the greatest percentage of the students 

scored between 68 and 74; in grade 11 the greatest percentage scored 
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Socio-Economic Status and Academic Achievement 

TABLE 10. Results from the California Short Form Mental Maturity and 

Achievement Test, reported by mean scores for 1960-61 and 1965-66. 

Grade 1960-61 1965-66 

Seventh 70.65 80.40 

Eighth 69.56 73.40 

Ninth 71.33 75.90 

Tenth 73.01 75.82 

Eleventh 71.89 74.21 

Twelfth 68.29 71.77 

between 89 and 95 or between 47 and 53. 

The data in Table 12 reveal the distribution of I. Q. scores of 208 

pupils in grades 7-12 for 1965-66. Greatest percentages of pupils in 

grades 7, 8, and 12 scored between 65 and 71; grade 10 between 72 and 78; 

and grade 11 between three intervals, 58 and 64, 79 and 85, and 86 and 92. 

Data in Figures 1 and 2 reveal the age distribution of fathers or 

male guardians of pupils. The lowest number for 1960-61 (Fig. 1) fell in 

the age group of 60 or over and the highest number in the 30-34 group. 

The average age for this period was 41.95. In 1965-66 (Fig. 2), the low¬ 

est number was in the 70-and-over age group and highest number in the 35- 

39 group, the average being 40.30. The mean value is a more valid measure 

of central tendency. 

The age of male parents or guardians is an influential factor of 

home environment. Also, parents’ activities, customs, habits and inter¬ 

ests influence the socio-economic status, academic achievement and in¬ 

telligence of pupils. 

Data in Figures 3 and 4 show the age distribution of mothers or fe¬ 

male guardians of 208 pupils. Parents or guardians of relatively young 

age (20-29) made up the lowest numbers in 1960-61 (Fig. 3), followed 

closely by those of age 70 and over. Highest numbers for this period 

were in the 55-59 age group, considerably older than for the male parents; 

the average age for females was 52.82. In 1965-66 (Fig. 4), the lowest 

numbers of parents and guardians were in the 65-69 age group and highest 

number in the 35-39 group, with an average age of 46.74. 

The age distribution of the female parents or guardians is an influ¬ 

ential factor on the socio-economic status, academic achievement, and in¬ 

telligence of the 208 pupils of this study. Age helps determine the 

activities, interests, customs and habits of the female parents and thus 

determines the home environment. 
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CONCLUSIONS AND RECOMMENDATIONS 

The data obtained in this investigation support the hypothesis that 

there are significant and pertinent factors influencing the relationship 

between the socio-economic status and the academic achievement and intel¬ 

ligence of pupils. 

There was a positive relationship between socio-economic status of 

the 208 pupils of Washington High School, Brewton, Alabama, their aca¬ 

demic achievement and intelligence. The Pearson Product Moment Correla¬ 

tion Coefficient of 0.942 is indicative of a substantial relationship 

between the academic achievement and intelligence of the pupil perform¬ 

ance on the California Short Form Mental Maturity and Achievement Test 

administered in 1960-61 and 1965-66. There was almost a perfect correla¬ 

tion of the test scores. 

In view of the findings the following recommendations are submitted: 

1. Adult education programs should be developed to help elevate the 

cultural status of the community. 

2. Community organizations should sponsor more cultural programs to 

help elevate the community status. 

3. Remedial classes should be organized for the academically re¬ 

tarded pupils. 

4. The teacher load should be reduced to enhance the opportunity 

for more individualized instruction. 

5. Well planned in-service education should be developed for 

teachers, placing emphasis on guidance so that teachers may become more 

cognizant of the needs of pupils being taught. 

6. Parent-teacher conferences should be provided to: (1) inform 

parents of the effect of socio-economic status upon the intelligence and 

achievement of pupils, and (2) to motivate parent interest and partici¬ 

pation in improving their environmental influences and subsequently 

raising the academic achievement of pupils. 

7. Standardized tests and test scores should be extensively util¬ 

ized in evaluating, understanding, and meeting the needs of pupils. 
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Abstracts 

ABSTRACTS 

Papers presented at the 50th Annual Meeting 

University of Alabama 

Huntsville, Alabama 

April 5-7, 1973 

BIOLOGICAL SCIENCES 

EFFECT OF HERBICIDE TREATMENT ON COTTON-ROOT EXUDATES AND 

GERMINATION OF CHLAMYDOSPORES OF FUSARIUM OXYSPORUM 
F. SP. VASINFECTUM IN THE RHIZOSPHERE 

G. L. Benson and E. A. Curl 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

The effect of soil-applied herbicides on cotton-root exudates and 

germination of chlamydospores of Fusarium oxysporum f. sp. vasinfeatum 
was determined in soil culture. Sterilized and non-sterilized lots of 

sandy loam receiving complete fertilization (N, P, K, lime, minor ele¬ 

ments) were treated with the herbicides Cotoran (fluometuron) or Treflan 

(trifluralin) to provide concentrations of 0, 1, 5, and 10 pg herbicide/g 

soil. Cotton seedlings of a Fusarium wilt-resistant variety (Auburn M) 

and a non-resistant variety (Stoneville 213) were grown in treated soil 

and a suspension of Fusarium chlamydospores was introduced into the rhi- 

zosphere. Generally, amounts of amino acids and reducing sugars in root 

exudates of both cotton varieties increased with increasing concentra¬ 

tion of either herbicide. This increase was more apparent in sterilized 

soil. In all herbicide treatments, chlamydospore germination was slight¬ 

ly lower in rhizosphere soil of the non-resistant variety. Highest per¬ 

centages of spore germination occurred at herbicide concentrations of 1 

and 5 pg/g soil, whereas a decrease in germination occurred at the 10-pg 

level. Thus, from this study it is evident that Cotoran and Treflan in¬ 

duced similar responses in root exudates and chlamydospore germination 

in tie rhizosphere of the two cotton varieties. 

INFLUENCE OF MAJOR SOIL NUTRIENTS ON THE SOIL 

MICROFLORA UNDER COTTON CULTURE 

W. C. Blair and E. A. Curl 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Concern regarding excessive use of pesticides has stimulated research 
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on biological methods for controlling plant parasites. Biocontrol of 

soil-borne root-infecting fungi is most likely to be achieved by manip¬ 

ulating the soil microbial population through selected cultural prac¬ 

tices. One method involves varying soil fertility to stimulate competi¬ 

tion between antagonistic saprophytes and the parasite. The microbial 

ecology of cotton field plots, subjected to specific fertilization re¬ 

gimes for over 10 yr, has been studied in loamy sand at Auburn for 5 yr 

and in sandy clay loam at Prattville for 1 yr. In loamy sand, highest 

microbial populations, soil enzyme activity and infestations of the 

pathogen, Rh.izocton.ia solccni, generally coincided with more complete 

fertilization regimes (NPK); nitrogen deficiency most effectively re¬ 

duced these values, as well as plant growth. In sandy clay loam, N 

again was an important component, but highest fungal and bacterial pop¬ 

ulations occurred in the absence of supplemental P and K. Least microbi¬ 

al activity always occurred in plots which had received no supplemental 

fertilization for 10 yr. These studies did not reveal a clear relation¬ 

ship between saprophytic microbial populations and suppression of R. 
solani. The investigation is presently being refined to determine spe¬ 

cific fertility effects on the rhlzosphere ecology of cotton plants in 

relation to Rhizoctonia infection. 

THE OCCURRENCE OF A PREDORSAL STRIPE IN THE 

BLACK CRAPPIE, POMOXIS NIGROMACULATUS 

Johnny P. Buchanan and Horace E. Bryant 

Forestry, Fisheries, and Wildlife Development 

Tennessee Valley Authority 

Muscle Shoals, Alabama 

The black predorsal stripe was found on 28.1% of 2,192 black crap- 

pie, Pomoxis nigromaculatus, examined from Beaver Reservoir in Arkansas. 

Investigation revealed the character to exist in black crappie from at 

least thirteen states. 

PROPAGATION OF FLOWERING DOGWOOD 

Thomas Cochis, Kenneth E. Landers, and R. David Whetstone 

Biology Department 

Jacksonville State University 

Jacksonville, Alabama 

Studies were conducted on the mechanical and physiological dormancy 

of Comus florida seed. Seeds were chilled from 2 to 24 weeks at 38°F. 

Seeds were also scarified with concentrated sulfuric acid for 0 to 120 

minutes at 15-minute increments. No germination resulted indicating that 

perhaps the seed may have to undergo cold dormancy requirements for two 

winters and the young dogwood seedlings we see in the woods are a result 

of seeds that were two years old at the time of germination. Studies 

with seed dormancy will be continued and results reported at a later date 

The habitat, flowering, and cultivation of dogwoods are discussed, along 

with equipment used in the experiments. 
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TEACHING MICROBIOLOGY WITHOUT LECTURES 

Richard Couch 

Biology Department 

Athens College, Athens, Alabama 

Learning is an individualized process. This thesis led to a new ap¬ 

proach for teaching general microbiology at Athens College in the spring 

semester of 1972. 

Basically, lectures were replaced with 1) written learning objec¬ 

tives for each chapter, classroom discussions, and weekly tests; and 2) 

an increased emphasis on laboratory techniques, individual research prob¬ 

lems, and individualized special interest topics. 

Academic ability as measured by a student's overall grade point av¬ 

erage was tested against his performance in microbiology (final course 

average). The experimental approach of 1972 was tested against three 

previous semesters in which lecturing was the prime teaching method. 

Tests of correlation, analysis of covariance, and Duncan's multiple 

range revealed major conclusions about the microbiology course at Athens 

College. First, with experience in teaching the course, performance in 

microbiology more closely correlated with academic ability as measured by 

overall grade point average. Secondly, the class grades as a whole were 

lower due to the experimental non-lecture approach used in the 1972 class. 

Two basic human characteristics, procrastination and resistance to change, 

are postulated as the cause for this grade reduction in 1972. Thirdly, 

the non-lecture system utilized for teaching microbiology in 1972 pro¬ 

duced some desirable results; i.e. more independent research work, more 

laboratory technique exposure, and more time for special interest study. 

The experiment illustrates the necessity of caution in introducing 

teaching innovations. It also stresses the necessity of slowly changing 

teaching technique to accommodate a slow-changing human nature. 

MINERAL ELEMENT COMPOSITION OF FUNGAL MYCELIA AND SPORES 

David K. Dalby 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Mineral element analyses were made on the mycelia and spores of 

Linderina pennispora, Aspergillus niger, Spicaria elegans, Penioillium 
claoifovme and Penieillium roqueforti. The concentration of mineral 

elements in the five fungi varied with each element. The amount of Cu 

varied among the 5 species and was 2-60 times higher in spores than in 

mycelia. Zn concentrations were higher in mycelia than in spores, with 

the exception of A. niger. The concentration of Mg was higher in my¬ 

celia than in spores of the 5 species, with the exception of L. penni¬ 
spora. Concentrations of K varied considerably among the five fungi. 
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CONVERSION EFFICIENCY OF LINDERINA PENNISPORA 

David K. Dalby 

Department of Botany and Microbiology 

Auburn University, AuDurn, Alabama 

and 

William D. Gray 

Department of Biological Sciences 

Northern Illinois University, DeKalb 

The relationship of substrate sugar concentration to efficiency of 

conversion of substrate to mycelium, crude protein, and thermal energy by 

Linderina pennispora was investigated in shake culture using six levels 

of dextrose in a semisynthetic medium. After inoculation and incubation, 

final sugar concentration of the medium and nitrogen and caloric values 

of the mycelium were determined. L. pennispora was most efficient in con¬ 

version of dextrose to mycelium, crude protein, and thermal energy at the 

lowest dextrose concentration of 0.1%. At higher concentrations, the ef¬ 

ficiency of conversion of dextrose to mycelium, crude protein, and opera¬ 

tional thermal energy was inversely proportional to the dextrose concen¬ 

tration. 

BIOASSAY OF FUNGAL TOXICITY TO RATS 

U. L. Diener, P. A. Wilson, R. E. Wagener, and N. D. Davis 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

A procedure was developed for screening metabolites of fungi for 

toxicity to rats. Each fungus was grown on a shredded wheat-nutrient 

medium at a time-temperature sequence suitable for toxin production by 

diverse fungal species. After 4 weeks incubation, the substrate was ex¬ 

tracted with chloroform and the solvent evaporated to concentrate metab¬ 

olites. The extract was incorporated into corn oil and trace amounts of 

chloroform removed under vacuum. One ml of corn oil-extract was adminis¬ 

tered orally to each of four weanling female rats daily for 4-5 days. 

Control rats were given similar amounts of corn oil. All rats were fed 

rat chow and water. The residue remaining after extraction was oven 

dried at 50 C, mixed 1:1 with rat chow, and fed ad libitum. Rats were 

weighed weekly or at death and the experiments were terminated after 2 

or 3 weeks. All rats were autopsied and gross pathology of organs re¬ 

corded. Screening of 40 fungi, isolated from moldy feeds, has yielded 

10 toxin-producing fungi, 8 of which have been identified. Four are 

known toxin-producers and the other four are being investigated for 

known or new toxin metabolites. 
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RELATIONSHIP OF 65Zn, 59Fe, AND 54Mn EXCRETION AND EGG 

PRODUCTION IN HELIOTHIS ZEA (BODDIE) 

Edwin M. EuDaly and William H. Mason 

Biology Department 

Auburn University, Auburn, Alabama 

The relationship between 65Zn, 59Fe, and 54Mn excretion and number 

of eggs produced was studied in the com earworm, Heliothis zea (Boddie) 

(Lepidoptera: Noctuidae) in an attempt to develop an indirect method 

for measuring egg production. Number of eggs produced was plotted against 

percentage of radionuclide excreted and regression lines were fitted by 

formula computation. Correlation between the percentage of the radio¬ 

nuclide excreted and the total number of eggs produced was high in all 

groups. The corrleation coefficient (r) values obtained from the groups 

were: +0.89 (P = <.0005) 65Zn, +0.87 (P = <.0005) 59Fe, and +0.84 (P = 

<.0005) 54Mn. The data from this experiment show that the excretion of 

any of these three radionuclides might be useful as an index of repro¬ 

duction in the insect studied. 

STATUS OF GALAPAGOS AVIFAUNA: A CHECK LIST 

Dan C. Holliman 

Department of Biology 

Birmingham-Southern College 

Birmingham, Alabama 

The Galapagos archipelago affords the ornithologist many unique op¬ 

portunities for study in a wilderness environment. Future attempts to 

elucidate the role of birds in this eco-system will undoubtably add to 

our knowledge of the avifauna. This paper is merely an attempt to fill 

a need for a current check list of birds occurring in the area of the 

Galapagos Islands. This list of the avifauna is not intended to be a 

monographic treatment of Galapagos ornithology. This has been done else¬ 

where in the literature. 

The presence of 113 species has been documented with 13 birds in¬ 

dicated as hypothetical. Fifteen orders and 37 families are represented. 

Documentation is based upon a literature search, personal communication 

with other workers and a field trip into the archipelago during January 

1972. The status of each species is assigned according to resident, mi¬ 

gratory or hypothetical categories. Check list order of the A.O.U., 5th 

edition, has been followed where possible. 

THE LYSIS OF BACTERIA BY MEMBERS OF THE GENUS FLAVOBACTERIUM 

Ollie R. Hopkins, Jr. and S. E. Gunter 

University of Alabama, University 

The bacteriolytic activity of members of the genus Flavobacterium 

has been investigated. Thirteen strains of Flavobacterium isolated from 

soil and water and three recognized strains obtained from the American 
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Type Culture Collection were checked for their bacteriolytic activity 

against sixteen cultures of bacteria representing a variety of morpho¬ 

logical and physiological types. Two ATCC strains, Flavobacterium 
heparinum and F. devorans, showed no lysis of bacteria. In contrast, 

F. menigosepticum and the soil and water isolates lysed all Gram nega¬ 

tive strains and five of the Gram positive cultures. Four Gram positive 

cultures were not lysed by any of the organisms. 

THE EFFECTS OF META-CRESOL ON THE EMBRYONIC DEVELOPMENT 

OF THE AFRICAN CLAWED TOAD, XENOPUS LAEVIS 

David A. Johnson 

Department of Biology 

Samford University, Birmingham, Alabama 

This is a preliminary report on the effects of continuous treatment 

with meta-cresol upon the embryos of the neural tube stage of development 

Concentrations of 10, 20, 40, 60, 80, 100, and 1,000 ppm were employed 

over a period of 48 hours. Embryos in a concentration of 1,000 ppm died 

within 3 minutes. In all the remaining concentrations a survival rate of 

greater than 50% was observed, wtih some deviation from the expected sur¬ 

vival curve. After 48 hours of treatment the length of the embryos mea¬ 

sured from the head to tail tip was found to decrease with an increase in 

concentration, except for a slight increase in length at 80 and 100 ppm. 

Two developmental abnormalities were observed in concentrations of 20, 

40, 60, and 80 ppm. These were edema and a flexion in the tail. 

SPRING FLOWERING HERBS OF JACKSON COUNTY, ALABAMA 

Kenneth E. Landers, R. David Whetstone, and Thomas Cochis 

Biology Department 

Jacksonville State University 

Jacksonville, Alabama 

One of the most spectacular wild flower gardens in Jackson County, 

Alabama occurs along a power line right-of-way by highway 117 about one 

mile north of the DeKalb County line. The most colorful flower at this 

location is Indian paint brush (Castilleja coccinea {L.} Sprengel). An¬ 

other interesting herb of the area is bastard-toadflax (Comandra umbel- 
lata {L.} Nuttall). Other flowers growing between the highway and woods 

are pink (Dianthus armeria L.), lousewort (Pedicularis canadensis L.), 

Small's groundsel (Senecio smallii Britton), Bluets (Houstonia caerulea 
L.), small Venus' looking-glass (Specularia biflora {R. & P.) F. &. M.), 

and clasping Venus' looking-glass (Specularia perfoliata {L.} A. DC.). 

Elf orpine (Sedum smallii {Britton} Ahles) and sandwort (Arenajria 
groenlandica {Retzius} Sprengel) grow around an outcrop near the Indian 

paint brush and other plants. Wild flowers growing near the Tennessee 

River include scorpion-weed (Phacelia bipinnatifida Michaux), long-spur¬ 

red violet (.Viola rostrata Pursh) , windflower (Thalictrum thalictroides 
{L.} Boivin), early meadow-rue (Thalictrum dioicum L.), dwarf larkspur 

(Delphinium tricorne Michaux), and blue star (Amnsonia tabemaemontana 
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Walter). Stonecrop (Sedum tematum Michaux), milkvine (Matelea caroZin- 
ensis {Jacquin} Woodson), Jack in the pulpit (Arisaema triphyZZum {L.} 

Schott), green dragon (Arisaema dracontium {L. } Schott), and skullcaps 

(Scutellaria eZZiptica Muhl., S. ovata Hill, and S. parvuZa Michaux) 

also grow along the highways southeast of the river. Other flowers of 

the county are spring-beauty (CZaytonia virginiaa L.), baneberry (Aataea 
pachypoda Ell.), pennywort (OboZaria virginiaa L.), columbine (Aquilegia 
canadensis L.), sharp-lobed liverleaf ([Hepatica aautiloba DC.), wild ger¬ 

anium (Geranium maculatum L.), hoary puccoon (Lithospermum aanescens 
{Michaux} Lehmann), rough peavine (Lathyrus hirsutus L.), com salad 

(Valerianella radiata {L.} Dufr.), giant shickweed (Stellaria pubera 
Michaux), butterweed (Senecio gZabeZZus Poiret), and Queen Anne's lace 

(.Daucus carota L.). Spring flowers of the northwestern part of the county 

include false rue anemone (Isopyrum bitematum {Raf.} T. &. G.), false 

rocket (Iodanthus pinnatifidus (Michaux) Steud.), bloodroot (Sanquinaria 
canadensis L.), harbinger of spring (Erigenia bulbosa {Michaux} Nuttall), 

yellow harlequin (CorydaZis fZavuZa {Raf.} DC.), Dutchman's-breeches 

(Dicentra cucuZZaria {L.} Bemh.), appendaged water-leaf (HydrophyZlum 
appendicuZatum Michaux), and celandine poppy (StyZophorum diphyZZum 
{Michaux} Nutt.). The Indians living in Russell Cave thousands of years 

ago must have been surrounded by a beautiful countryside. However, 

strip-mining and industrial development along with the continued clearing 

of land for agriculture, homes, highways, and other uses is proceeding at 

a rapid rate. Unless good conservation measures are implemented in the 

near future the habitats of the most rare, unique, and unusual spring 

wild flowers of the varied geological and physiographical areas of Jack- 

son County will be destroyed. 

THE EFFECTS OF CADMIUM CHLORIDE ON THE EMBRYONIC DEVELOPMENT 

OF THE FRESH-WATER SNAIL, HELISOMA SP. 

George Leidel and Ellen McLaughlin 

Department of Biology 

Samford University, Birmingham, Alabama 

This study was undertaken to determine the effects of continuous 

treatment with CdCl2 solutions on the early cleavage and late trochophore 

developmental stages. Concentrations of 1,000, 500, 100, 50, 20, 10, and 

1 ppb were employed and observations were made over a period of 14 days. 

At a given concentration, results showed little or no difference in 

rates of survival and hatching in either stage. Concentrations of 1,000 

and 500 ppb resulted in maximum mortality (100%) in both stages, while an 

LD50 was reached at 50 ppb. At this latter concentration 50% of the early 

cleavage and 48% of the late trochophore embryos survived. There was 

still no evidence of hatching at 14 days in either group. 

Hatching did not occur until a concentration of 20 ppb was used for 

treatment. At this point survival of early cleavage embryos reached 94% 

and late trochophore 93%. The percentage hatching for early cleavage was 

85% and for late trochophore 73%. Rates of survival and hatching con¬ 

tinued to increase as dilutions of 10 and 1 ppb were used. At these con¬ 

centrations, rates of survival and hatching were similar to that of the 
controls. 
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THE NORMAL TIMETABLE OF EMBRYONIC DEVELOPMENT FOR THE 

FRESH-WATER SNAIL, HELISOMA SP. 

Ellen W. McLaughlin 

Department of Biology 

Samford University, Birmingham, Alabama 

Embryos were observed from first cleavage until hatching and nine 

developmental stages were described. At 25°C each stage lasts approx¬ 

imately 1 day. The adult lays a flattened egg plate having 10 to 50 

capsules each filled with albumen and containing a single egg. Measure¬ 

ments were made of the longest axis. 

Stage 1. Early Cleavage. 0.14 mm. 

Stage 2. Gastrulation. 0.14 mm. Invagination occurs during this 

stage. There is no rotation of the egg yet. 

Stage 3. Early Troahophore. 0.16 mm. A clear head vesicle appears 

at the animal pole and large endodermal cells at the vegetal pole. The 

embryo begins to rotate. 

Stage 4. Mid-troehophore. 0.24 mm. A slight indentation appears 

at the vegetal pole and the embryo elongates. 

Stage 5. Late Troahophore. 0.45 mm. The embryo assumes a crescent 

shape. Anteriorly, the stomadaeum and radula sac develop in the head 

region and the foot muscles contract sporadically. The shell gland de¬ 

velops posteriorly. 

Stage 6. Post-troohophore. 0.53 mm. The head develops eyes and 

tentacles, the foot is a rounded mass of cells, the shell appears and 

the heart starts to beat. 

Stage 7. Differentiating Stage. 0.65 mm. The foot elongates pos¬ 

teriorly and extends one-half the length of the body. The shell com¬ 

pletely covers the embryo which now fills one-half of the capsule. 

Stage 8. Pre-hatching. 0.73 mm. The snail fills three-fourths of 

the capsule and the shell shows asymmetrical coiling. 

Stage 9. Hatching. 0.85 mm. 

These well-defined embryonic stages make this snail an excellent or¬ 

ganism for studying the effects of environmental contaminants and other 

chemical agents on an invertebrate embryo. 

THE EFFECTS OF MERCURIC CHLORIDE ON THE EMBRYONIC DEVELOPMENT 

OF THE FRESH-WATER SNAIL, HELISOMA SP. 

Barbara Murphy and Ellen McLaughlin 

Department of Biology 

Samford University, Birmingham, Alabama 

Early cleavage and late trochophore embryonic stages of the fresh¬ 

water snail Helisoma sp. were treated continuously with mercuric chloride 

(HgCl.,) solutions in concentrations of 1x10”*% (1000 ppm), lxl0-2% (100 

ppm), lxl0-3% (10 ppm), lxl0-1+% (1 ppm), lxl0-5% (100 ppb) , lxl0-6% (10 

ppb), lxl0-7% (1 ppb), and 1x10”®% (0.1 ppb). Results showed that as 

the concentrations of HgCl2 solutions increased, there was an increase 

in the developmental anomalies in both treated groups. Direct mortality, 

retarded development, and visible deformities of treated embryos were 

observed. 
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Concentrations of lxlO"^, lxl0“2%, lxlO“8% and lxlO-1+% HgCl2 killed 

all early cleavage embryos and late trochophore embryos within 48 hours 

after treatment. 

When early cleavage embryos were treated with lxl0-5% and lxl0-6% 

HgCl2 solutions the percentage mortality decreased to 13.5% and 30.0%, 

respectively. Both groups of treated snails showed retarded development, 

delayed hatching and visible deformities of the body and shell when com¬ 

pared with the controls. 

Late trochophore stages treated with lxl0“5% HgCl2 showed a mortal¬ 

ity of 17.1% and some developmental anomalies. None of the late trocho¬ 

phore stages treated with lxl0“6% HgCl2 died and they showed normal devel¬ 

opment . 

Early cleavage and late trochophore stages treated with 1x10“7% and 

lxl0“8% HgCl2 showed normal development and mortality and hatching per¬ 

centages similar to those of the controls. 

MODIFICATION OF THE COLLAR BREEDING METHOD FOR USE WITH 

THE MONGOLIAN GERBIL (MERIONES UNGUICULATUS) 

Barbara K. Newton and John S. McKibben 

Department of Veterinary Anatomy and Histology 

Auburn University, Auburn, Alabama 

A system utilizing the "collar" breeding method frequently employed 

for polygamous chinchilla breeding was applied to the Mongolian gerbil. 

A collar was placed around the neck of the female, thereby preventing 

her from moving through the small passages connecting cage compartments. 

Thus, the female was confined to an individual cage, whereas the non- 

collared male was allowed free passage between compartments. Using this 

technique, a polygamous breeding ratio of 1 male to 4 females was estab¬ 

lished. Since females were separated, death losses resulting from two 

or more females "ganging up" on a male were eliminated. This type of 

polygamous breeding decreased the number of males required to produce 

offspring and eliminated the labor involved in transferring females in¬ 

dividually to a male for breeding. Fewer cages, fewer animals, and less 

labor were required to produce postpartem conceptions, average litter 

size, and number of gerbils weaned that were comparable to those reported 

previously with monogamous breeding methods. 

HALOGEN-SILVER STAINING TECHNIQUES FOR DEMONSTRATING 

CUTICULAR DETAILS OF NEMATODES 

R. Rodriguez-Kabana 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

A study was conducted to adapt halogen-silver staining techniques 

for visualization of cuticular details in nematode specimens for the 

light microscope. Nematodes were killed slowly by immersion in weak 

formalin solutions (0.01-0.1%, v/v) and, after relaxation, specimens were 

fixed in paraformaldehyde and rinsed in water. In the iodination techni- 
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que, fixed nematodes were immersed in 1 ml of 0.01 N iodine solution 

contained in a 2-cm diameter Syracuse dish. The time of immersion was 

1 min for Hoplolaimus galeatus; 5 min for Belonolaimus gracilis, Relodera 
chitiooodi, and Tylenchorhynchus claytoni; and 10 min for Heliaotylenchus 
dihystera. After iodination, specimens were transferred to another dish 

with water and rinsed for 2-3 sec. B. gracilis required 7-10 min immer¬ 

sion in water for satisfactory results. After rinsing, nematodes were 

immersed in 0.2 N AgN03 for 3-4 min; specimens were then mounted in 

water and observed. For most nematodes the iodination technique gave 

good visualization of lateral fields, striae, and cephalic structures. 

However, for H. galeatus use of a bromination method was superior to the 

iodine technique. The bromination method consisted of immersion of nema¬ 

todes in Br2-KBr solution (1 ml Br2 in 390 ml 2% {w/v} KBr) for 1 min, 

followed by rinsing in water for 30 sec, and treatment with 0.2 N AgN03 

for 3-4 min. 

A STUDY OF THE FREQUENCY DISTRIBUTION OF SCLEROTIA OF 

SCLEROTIUM ROLFSII IN RELATION TO SPECIFIC GRAVITY 

R. Rodriguez-Kabana and Elizabeth A. Wiggins 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

The frequency distribution of sclerotia of Sclerotium rolfsii with 

respect to specific gravity (25C) was determined using solutions contain¬ 

ing increasing amounts of ethanol in water; for sp gr values greater than 

1,000 aqueous sucrose solutions were used. Sclerotia were collected from 

4-week-old cultures of S. rolfsii grown in sterilized soil amended to 

contain 1% (w/w) com meal. Sclerotia (100-400) were placed in a 100-ml 

beaker and 40-50 ml of the solution was added. The mixture was shaken 

vigorously and allowed to stand for 1 min; contents of the beaker were 

then swirled and poured into a petri dish. The number of sclerotia float¬ 

ing and the number at the bottom of the dish were counted and the percen¬ 

tage of floating sclerotia was calculated. No sclerotia floated in solu¬ 

tions with sp gr values of 0.8195 or lower. The percentage of sclerotia 

floating increased gradually with increments in sp gr value from 0.8195 

to 0.9000; response to further increments in sp gr in the range from 

0.9000 to 1.100 was very sharp and positive. The sharpest increase in 

floating sclerotia corresponded to changes in sp gr values of 1.030 to 

1.073, whereas the rate of increase was progressively less in solutions 

with sp gr values above 1.073. No significant increase in floating 

sclerotia was observed between sp gr values of 1.149 and 1.173, which 

were the values of the two densest solutions of the study. A plot of re¬ 

sults obtained gave a sigmoid curve relating the percentage of sclerotia 

floating to the specific gravity. This was considered equivalent to a 

cumulative frequency of the Gaussian equation. A test of conformance in¬ 

dicated that this function can serve as a reliable model to describe the 

relationship between the percentage of sclerotia floating and changes in 

sp gr of solutions. 
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ETHYL ACETATE PRODUCTION BY HANSENULA ANOMALA 

Ronald E. Wagener 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Environmental and nutritional conditions influencing ethyl acetate 

biosynthesis by Hansenula cmomala (Hansen) Sydow were investigated using 

haploid strains, and pairings of haploid cultures. Factors evaluated in¬ 

cluded agitation, restricted aeration, still vs. shake culture inoculum, 

quantity of inoculum, medium composition, and periodic substrate additions 

to growing cultures. Conversion efficiencies were measured under varied 

conditions. Efficiency decreased with agitation and increased with re¬ 

stricted aeration. Certain of the haploid isolates tested showed a 100% 

increase in efficiency when shake culture instead of still culture inocu¬ 

lum was used. Increasing initial inoculum decreased the conversion effi¬ 

ciency of H. cmomala #20, but not isolate #6. The highest efficiency of 

64% was obtained with H. ccnomala #6 growing in phosphate-dextrose-yeast 

extract medium. This fermentation has economic possiblities if this con¬ 

version efficiency could be obtained on an industrial scale. 

A PROPOSED NATIONAL FOREST FOR JACKSON COUNTY, ALABAMA 

R. David Whetstone, Kenneth E. Landers, and Thomas Cochis 

Biology Department 

Jacksonville State University 

Jacksonville, Alabama 

Western Jackson County is a remote, sparsely populated area lying 

between the highly industrialized Huntsville-Madison County complex to 

the west and the rapidly developing city of Scottsboro with the proposed 

nuclear power plant and Widow's Creek Steam Plant to the east. This re¬ 

gion would be an ideal buffer zone between these two developing areas. 

The southern boundary could be Highway 72 which is the only major road 

connecting these two counties. The northern area could be delimited by 

Highway 65, a limited access highway which passes through the northwestern 

end of the county into Tennessee. This area of Jackson County includes 

part of the Cumberland Plateau and the Highland Rim. The typical forest 

types are Oak-Hickory and Mixed Mesophytic, respectively. Several showy, 

spring-flowering trees of the area include Aesaulus, Amelanchier, Catalpa, 
Cerois, Chionanthus, Covnus, tialesia, Liriodendron, Magnolia, Malus, Oxy- 
dendrum, Prunus, Robinia, and Staphylea. Trees noted for their spectacu¬ 

lar fall coloration are Acer, Carya, Fagus, Liquidambar, Nyssa, Oxyden- 
drum, Querous, and Sassafras. Other trees found in the area are Bumelia, 
Carpinus, Crataegus, Diospyros, Fraxinus, Gleditsia, Hammamelis, Ilex, 
Morus, Platanus, Rhamnus, and Ulmus. Two of Alabama's most notable 

species grow in this area, Alabama Snow-wreath (Neviusia alabamensis Gray) 

and the smoke tree (Cotinus obovatus Rafinesque). A small localized pop¬ 

ulation of Neviusia is found in the northern section of the area. This 

species has been reported from four counties in Alabama and from only two 

other states. Cotinus is locally common in the three northern counties 

of the Cumberland Plateau. The need to set aside this particular area is 
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due to the relative location, the rugged geography, the aesthetic and 

educational value of the hardwood stands, and the need to preserve the 

habitat for a number of rare and endangered species of woody and herba¬ 

ceous plants. 

A MODEL SYSTEM FOR CELL DETERMINATION STUDIES IN PLANTS 

Zachary S. Wochok 

Biology Department 

University of Alabama, University 

Selaginella wilZdenovii is a prostrate vascular cryptogam that grows 

by alternate branching of the stem. At each major branching it has meri- 

stems that remain undetermined for some time and are subject to develop¬ 

mental regulation. This feature makes this organism especially suitable 

for cell determination studies since it is not necessary to work on ori¬ 

ginal determination in the embryo. 

In the intact plant the dorsal meristem develops into a shoot after 

the ventral meristem has developed into a root. When dorsal meristems 

are excised and maintained on a basal medium containing no growth regula¬ 

tors they eventually develop into shoots. When cultured on auxin-con¬ 

taining medium they are redetermined, and develop into roots. An initial 

growth period on auxin-free medium preceding transfer to IAA medium in¬ 

dicates that loss of capacity for redetermination is a function of the 

length of auxin-free pretreatment. Preliminary investigations have 

shown shpots to develop from root apices and that this phenomenon is con¬ 

trolled by auxin. 

Correlations between auxin movement in the plant and meristem deter¬ 

mination will be considered based on extensive auxin transport studies in 

this organism. 

GEOLOGY 

COMPARISON OF HEAVY MINERALS IN DEVONIAN FROG MOUNTAIN SANDSTONE, 

CAMBRIAN WEISNER QUARTZITES AND A "BIRDSHOT" SANDSTONE 

(AGE UNCERTAIN) IN NORTHEAST ALABAMA 

Andy R. Bobyarchick 

Birmingham-Southern College 

Birmingham, Alabama 

Exposures of various quartzites in Cleburne, Cherokee and Calhoun 

Counties in northeast Alabama were studied to determine if they could 

be correlated by means of heavy mineral suites. The quartzites studied 

are in the Devonian Frog Mountain Formation and the Weisner Formation, 

which has been assumed as Lower Cambrian. A unique feldspathic quartz¬ 

ite, also known as a "bird-shot conglomerate," of unknown age but found 

in both the Coosa and Talladega Belts, was studied by heavy mineral an¬ 

alysis and stratigraphic association in an attempt to place it in either 

the Frog Mountain or Weisner Formation. This feldspathic quartzite was 
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found to be associated with shales in the Weisner Formation in the lower 

part of the section. Two or more beds often occur together either be¬ 

cause of stratigraphic repetition or because of thrusting. The relation 

of this quartzite to interbedded shales and other quartzites higher in 

the section is best seen in Cleburne and Calhoun Counties along the road 

from Vigo to Borden Springs. While some heavies were found, heavy min¬ 

eral analysis yielded no correlative information because of the apparent 

scarcity of heavies in the original sediments. 

MIDDLE ORDOVICIAN STRATIGRAPHY IN THE BIRMINGHAM, ALABAMA AREA 

George F. Brockman 

University of Alabama, Birmingham 

The Middle Ordovician "Chickamauga" strata in the Birmingham area 

include just over 500 feet of predominantly limestone lithologies. 

These rocks can be divided into the following lithologically and fau- 

nally distinguishable formations. 

The lowest 320 feet correspond to the Stones River Group, as de¬ 

fined by Ulrich. This can be divided into the Long Savannah Formation, 

about 100 feet of more or less clastic beds; Murfreesboro Limestone, 75 

feet of fine-grained dark gray-brown and light gray limestones with do- 

lomitic blebs; Ridley Formation, 50 feet of dolomite and dolomitic lime¬ 

stone with variable clastic content; and Lebanon Limestone, about 90 

feet of variously bedded fine-grained dark gray and aphanitic light gray, 

gray-brown, or gray-green limestones. 

The Stones River limestones are overlain, with considerable uncon¬ 

formity, by the "Big Canoe Group." This group includes the Carters 

Limestone, 50 to 60 feet of dark-weathering medium-gray dolomitic lime¬ 

stone with characteristic nodular texture; Gate City Limestone, about 

100 feet of thin-bedded to massive light- to medium-gray limestone with 

prominent reefs; and 50 feet of South Highlands Formation, massive inter- 

laminated limestone and dolomitic fucoidal silt. 

Overlying the "Big Canoe Group" with moderate unconformity is about 

40 feet of thin-bedded sandy and shaly limestones of the Nashville Group. 

These limestones, to which the name Spaulding Formation is applied in 

the Birmingham area, equate to the Curdsville, Hermitage, and Bigby- 

Cannon formations of Kentucky and Tennessee. 

The "Big Canoe Group" has no equivalents in central Tennessee 

except the Carters, which forms the base of the group in the Birmingham 

area. 

TETRADYMITE IN THE SOUTHEASTERN UNITED STATES 

Robert B. Cook 

Department of Geology 

Auburn University, Auburn, Alabama 

Tetradymite, hexagonal Bi2Te2S, has been reported from 20 local¬ 

ities in the southeastern United States since its initial identification 

in 1853 within ores of the Gold Hill District, Rowan County, North Caro¬ 

lina. Most reported occurrences are from auriferous quartz veins and 
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are of questionable validity. A literature review indicates that six 

reported occurrences are actually tellurobismuthite, five are an un¬ 

determinable bismuth species definitely not tetradymite, and eight are 

possibly tetradymite. Only two reported localities, the Cabarrus County 

gold district. North Carolina, and the Hull Prospect, York County, South 

Carolina, are in fact tetradymite occurrences. Unfortunate errors of 

bismuth species misidentification have been historically perpetuated in¬ 

to the most recent literature. 

Polished section examination of massive sulfide drill core from the 

Tallapoosa copper deposit, Haralson County, Georgia, has resulted in the 

identification of tetradymite at this location. The mineral occurs as 

0.1 mm long, lath-like inclusions within galena and is distinguished 

from galena by its creamy white color, moderate anisotrophism, and lamel¬ 

lar twinning. Intimately associated species are gold, chalcopyrite, 

saphalerite, pyrite and dolomite. Electron microprobe analysis yields 

the composition Bi = 57.2%, Te = 35.2%, and S = 6.5%. 

EROSION RATES OF SELECTED CRETACEOUS AND QUATERNARY 

SEDIMENTS IN TUSCALOOSA COUNTY, ALABAMA 

Andrew C. Dillon III, John H. Masingill III, 

and James R. White, Jr. 

Department of Geology, University of Alabama, University 

Sands, clays, and gravels of the Cretaceous Coker Formation and 

Pleistocene Terrace deposits were selected for sheet erosion studies 

during a 3-month period. Data were obtained using 6-inch nails, 1- 

inch-square tiles and pebble (toadstool) pedestals. 

Erosion rates are dependent upon rainfall intensity, slope angle, 

and lithology. Results indicate erosion increases geometrically with 

rainfall intensity, and is greatest for 35-50 degree slopes, in close 

correspondence with Horton's slope analysis (1945). In general, sands 

erode more rapidly than clays; however, exceptions may occur during high 

intensity rainfall. 

DEEP-WELL DISPOSAL OF LIQUID WASTES 

Kendall P. Hanby and Robert E. Kidd 

Geological Survey of Alabama, University 

Increasing emphasis on pollution abatement has focused attention in 

recent years on the concept of discarding liquid wastes into deep under¬ 

ground strata through disposal wells. The petroleum industry has shown 

that deep-well injection, under proper conditions, provides a practical 

solution to the disposal of oilfield waste waters. 

The disposal reservoir must have the capacity to contain and trans¬ 

mit waste fluids and be sufficiently isolated from potable water and 

subsurface natural resources. The fluid and reservoir mechanics involved 

with the deep-well disposal are the same as encountered in producing 

fluids, except in reverse. It is necessary that all deep-well disposal 

projects be monitored at the wellhead for injection pressure, injection 

rate and waste density, and be equipped with automatic well shut-in in 
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the case of any failure of the system. Monitor wells will help provide 

necessary information on the movement of the waste within the disposal 

zone. 

Properly designed and constructed, deep-well liquid-waste disposal 

systems installed in an appropriate geologic environment may, in many 

instances, alleviate the burden that ever-increasing volumes of pollu¬ 

tants are imposing upon fresh-water lakes and streams of the United 

States. By using the best technology available, it should be possible 

to avoid the costly mistakes, serious accidents and often irreversible 

damage to the environment that can result from subsurface disposal 

operations that are hastily conceived, inadequately investigated, im¬ 

properly equipped and insufficiently monitored. 

DERIVATIVE MAPPING FOR FUTURE LAND USE PLANNING, 

COTTONDALE QUADRANGLE, TUSCALOOSA COUNTY 

Travis H. Hughes and Stephen H. Stow 

Department of Geology and Geography 

University of Alabama, University 

and 

David E. Bolin 

Geology Survey of Alabama, University 

Decisions for the future use of land should be the result of geolo 

gical as well as social, economic, and geographical inputs. Geological 

data must be designed for use by planners and urban developers. Major 

categories of geological inputs are lithology (sediment-type, AASHO 

classification, erodability, etc), soils (thickness, permeability, agri 

cultural suitability, etc), topography (slopes, etc) and water (water 

table depth, availability, flood-prone areas, etc). 

An area-wide organized incorporation of these as well as other 

variables for planning can be achieved by derivative mapping. Deriva¬ 

tive land-use capability maps for residential, recreational, highway 

transportational, light industrial, heavy industrial, sanitary landfill 

waste disposal and agricultural use are presented for the Cottondale 

Quadrangle, Tuscaloosa County, Alabama. Variables considered to be of 

importance for a specific land use are assigned restrictions of slight, 

moderate, or severe; transparent overlays for each restriction and for 

each variable are prepared; all overlays for a specific land use can 

then be incorporated into a map which depicts the most, the moderately, 

and the least feasible areas for a specific type of development. 

Advantages of this method include: 1) the capacity to incorporate 

an almost unlimited number of variables, 2) the generation of a series 

of single maps each for a specific land use (of great advantage to the 

planner), and 3) the ability to change variables and derive any alter¬ 

nate or additional land-use map desired. 
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COMPUTER MAPPING OF GROUND WATER CHEMICAL DATA IN 

TUSCALOOSA COUNTY, ALABAMA 

Randall E. McDaniel 

University of Alabama, University 

Ground water chemical data from Tuscaloosa County, Alabama was used 

to produce a series of geochemical maps by using computer techniques. 

Information that was used to produce these maps include iron, calcium, 

magnesium, bicarbonate, sulfate, chloride, fluoride, nitrate, hardness 

as calcium carbonate, noncarbonate hardness, specific conductance, pH, 

and temperature. High concentrations of iron and sulfate were found in 

the Pottsville Formation, and high concentrations of iron, calcium, and 

bicarbonate were noted in the Valley and Ridge Province. Of special 

note were the high concentrations of sulfate, chloride, and nitrate 

around Tuscaloosa City, possibly indicating some type of pollution in 

the ground water. 

THE SYCAMORE STRUCTURAL ZONE 

John W. Reynolds and Oscar E. Gilbert, Jr. 

Geological Survey of Alabama, University 

On the basis of recently acquired data from current projects in¬ 

volving geologic mapDing and research in the Appalachian orogenic system, 

a zone of structural discontinuity has been defined which extends approx¬ 

imately 55 kilometers perpendicular to the regional strike of the moun¬ 

tain system, and which underlies a large segment of the Alabama Piedmont 

and adjacent Valley and Ridge. This zone is roughly fan-shaped, varying 

in width from 10 kilometers near its eastern margin to 20 kilometers 

near its western limits. The zone includes parts of Clay, Coosa, Shelby, 

St. Clair, and Talladega Counties, Alabama, with possible unrecognized 

extensions. 

Closely spaced, apparently imbricate thrusts associated with rel¬ 

atively broad asymmetrical folds characterize the zone. Brittle defor¬ 

mation is the predominant style, and abundant shear cleavages and other 

penetrative surfaces cross-cut preexisting structural fabrics. Thrust 

planes commonly follow stratigraphic contacts, especially contacts be¬ 

tween major rock sequences of different internal lithologic composition, 

but may also be developed by shearing-out of asymmetrical folds. Thrust 

planes dip at very low angles and are highly undulatory. Normal faults 

and local, apparent strike-slip faults exist in the zone, but are not 

major features. Folded and fault-bordered structural blocks are present, 

especially along the margins. 

In the northern Piedmont, major lithologic belts either terminate 

at the margins of the zone, or are displaced to about 6 miles to the 

east of their regional outcrop position. There is a major change in the 

internal stratigraphy of most and possibly all rock units in the Pied¬ 

mont at the southern margin of the zone. Structural elements associated 

with the zone deform and displace older metamorphic and tectonic over¬ 

prints, indicating that deformation post-dated at least three major 

regional metamorphic events, and at least two major tectonic intervals. 

In the Valley and Ridge, certain structural elements terminate just with- 

187 



Abstracts 

in the zone or at its margins, whereas, other structural features exhib¬ 

it changes in deformation style on entering the zone. 

Full geologic implications of the zone are indeterminate at present, 

but it unquestionably has far-reaching implications in the interpreta¬ 

tion of the evolution of the total orogenic system. The zone may have 

correlations with regional southeast-northwest-trending structural line¬ 

aments. (Approved for publication by the State Geologist). 

A COMPARATIVE STUDY OF MORPHOLOGIC AND HYDROGEOLOGIC 

FEATURES OF KARST TERRANES 

B. C. Spigner 

The primary goal of the hydrologist in any hydrologic study is to 

determine the parameters which control the operation of the hydrologic 

system. This is particularly difficult in karst terranes. 

The determination of the factors that have controlled the karsti- 

fication of the Highland Rim of north-central Alabama is difficult 

because of the highly interrelated nature of the controls. These con¬ 

trols are: stratigraphic, structural, lithologic, and geomorphic. 

Previous studies have emphasized the first three controls; this study 

emphasizes the latter and relates it to the other three controls. A 

detailed analysis of the karst forms and hydrologic features has shown 

them to be useful guides in evaluating the geomorphic history as well 

as defining the hydrologic system. Caves, sinkholes, solution zones and 

other karst forms have been related to elevation above and below the 

Chattanooga Shale, generally an important aquiclude and deflection hori¬ 

zon. Analysis of drainage patterns was aided by the use of color and 

infrared photographs which were particularly useful in mapping sinks with 

less than 20 feet of relief from rim to bottom. 

The author had an opportunity to study the karst features of the 

Swabian Alb plateau, a maturely karsted cuesta underlain by Upper 

Jurassic carbonates. The karst features were compared to those of the 

Highland Rim of north-central Alabama. Although different in age, 

structural setting and relief, the same controls on karstification are 

evident, but lithologic control is a dominant factor. In addition, the 

hydrology and engineering problems of the two areas are similar and 

effective control of the problems involves similar approaches. 

URBAN ENVIRONMENTAL GEOLOGY, COTTONDALE QUADRANGLE 

TUSCALOOSA COUNTY 

Stephen H. Stow and Travis H. Hughes 

Department of Geology and Geography 

University of Alabama, University 

and 

David E. Bolin 

Geological Survey of Alabama, University 

Environmental geology studies are an integral portion of urban 

planning. The Cottondale Quadrangle represents a developing urban area 

where geological and geographical data have been prepared in an under- 
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standable and relatively non-technical form for use by regional and 

urban planners. The area contains Pennsylvanian sandstone, shale, and 

coal beds (Pottsville Group) which are unconformably overlain by sand, 

gravel, and clay of Cretaceous age (Tuscaloosa Group). The information 

is presented as a series of 34 maps with explanatory text, tables, and 

photographs. Major categories of the study are: the study area (pop¬ 

ulation, climate, etc), rocks and soils (lithology, depth to bedrock, 

etc), topography, erosion and sedimentation, water resources, mineral 

resources, energy resources, engineering geology (slope stability, etc), 

waste disposal, and future land use. Integration of basic geologic 

data for future land use planning has been accomplished by derivative 

mapping. 

DEWEYVILLE TERRACE, ALABAMA RIVER BASIN, ALABAMA 

Michael W. Szabo 

Geological Survey of Alabama, University 

Seven terrace levels have been identified in the Alabama River 

basin and are here tentatively designated, in descending order, as 

Williana terrace, Bentley terrace, Montgomery terrace. Prairie terrace, 

Deweyville sub-terrace 1, Deweyville sub-terrace 2, and Deweyville sub¬ 

terrace 3. Of these the Deweyville sub-terraces display distinctive 

and diagnostic meander features that are approximately four times larger 

than those of the present river. The size falls well within the size 

ranges that are typical of the Deweyville terrace along most Gulf and 

Atlantic Coastal rivers. 

The Deweyville terrace has been correlated with fluctuating climatic 

conditions associated with waxing and waning of the Wisconsin age ice 

mass. Artifacts and C-*-^ age determination indicate that the Deweyville 

terrace was deposited beginning at least 36,000 years BP (Before Present) 

and continued until about 5,000 years BP. According to sea-level fluc¬ 

tuations as an indication of climatic conditions sub-terrace 1 was de¬ 

posited between 70,000 years BP and 40,000 years BP, sub-terrace 2 was 

depositied between 30,000 years BP and 20,000 years BP, and sub-terrace 

3 was deposited between 15,000 years BP and 6,000 years BP. (Publication 

authorized by the State Geologist, Geological Survey of Alabama.). 

DIFFERENTIATION OF THE COKER AND GORDO FORMATIONS 

IN EAST CENTRAL ALABAMA 

Ronald S. Taylor 

Geology Department 

Auburn University, Auburn, Alabama 

East of the Tallapoosa River in east-central Alabama, the Coker 

and Gordo Formations of the Tuscaloosa Group have been reported as sep¬ 

arable units only in the vicinity of Tuskegee in Macon County. These 

two units can, however, be traced the full extent of Macon County and 

can be differentiated at several localities in Lee County. 

The Coker of the study area consists of variegated massively-bedded 

clay that is locally sandy or bioturbated; spherules of limonite and 
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hematite are common. The dominant colors are dusky red, reddish-brown, 

and greenish-gray. Laminated clays, when present, are typically carbo¬ 

naceous. The Coker is separated from the overlying Gordo Formation by 

a highly undulating contact. The base of the Gordo is typically a grav¬ 

el, although cross-bedded basal sands are common. Cross-cutting sands 

and gravels typify the lower thirty feet of the Gordo; less frequently, 

lenticular beds of laminated or massively-bedded clay occur. 

The lenticular clays of the Gordo are thought to be channel and 

floodplain clays; whereas the laterally continuous clays of the Coker 

are thought to have originated in an extensive coastal mudflat or swamp, 

the clay being derived largely from deeply weathered soils. The sands 

and gravels of the lower part of the Gordo are channel fill and point- 

bar deposits. 

The Coker Formation is generally absent from the section along the 

northernmost edge of the Tuscaloosa outcrop belt in Macon and Lee 

Counties; at localities where the Coker is absent, the Gordo Formation 

directly overlies the basement rock. 

FORESTRY, GEOGRAPHY, AND CONSERVATION 

THE FISHING INDUSTRY OF CAYMAN BRAC 

Robert C. Hartley 

University of South Alabama, Mobile 

The Cayman Islands are a three-island chain located in the Carib¬ 

bean Sea between Jamaica and Cuba. Cayman Brae, centermost of the three, 

is a low coralline island twelve miles long, and varying in width from 

two miles at the eastern tip to several hundred yards along the western 

rim. The 1,500, or so, people of the island are employed firstly in the 

merchant marine and secondly in the fishing industry. 

Historically, since the discovery of the islands by Columbus in 

1503, turtle fishing has been the major occupation of the Caymanians. 

Turtle soup and meat were the only notable export from the Caymans from 

1661 to 1935. After 1935 over-fishing, restrictive import regulations, 

and widespread use of plastics killed the turtle industry. 

In 1950 the American-Caribbean lobster industry established its 

headquarters on Gran Cayman and today operates twelve to fourteen boats 

in the waters adjacent to the islands. The catches are frozen and air¬ 

freighted to the United States for sale on the eastern seaboard. Lob¬ 

ster fishing is now the key commercial industry in these islands. 

Locally, the people of Cayman Brae engage in a door to door sale of 

fish to those of the island who do not fish. Regardless of fish type or 

the season of the year, all fish are sold for 40q a pound. Lastly, the 

catch from the annual grouper run, occurring in December and January, 

is sold to Jamaican fishing boats. 
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PHYSICS AND MATHEMATICS 

MOSSBAUER effect studies on europium organic complexes 

D. Agresti and J. Webb 

University of Alabama, Birmingham 

A number of typical europium compounds have been investigated with 

the Mossbauer effect technique as part of an attempt to exploit the 

chemical similarity of europium and calcium complexes to develop a new 

spectroscopic probe for calcium complexes of biological interest. Moss¬ 

bauer spectra of the organic complexes Eu(NTA), Eu(EDTA), and Eu(acac)3, 

as well as EuC^'bl^O and E^CSO^^'Sf^O are relatively narrow, weak, 

and symmetric. In contrast, the EU2O3 spectrum is broad, deep, and has 

an asymmetric shape characteristic of electric quadrupoie interaction, 

for which a computer fit gives e^qQ = 5.6 ± 0.2 mm/sec. Similar broad, 

asymmetric spectra are obtained also for EUBO3 and Eu2Fe20^. Isomer 

shifts determined (errors < .010 mm/sec) are EU2O3 (1.009 mm/sec), 

Eu2Fe206 (.825), EuB03 (.354), EuC13-6H20 (.357), Eu2(S04)3-8H20 (.226), 

and Eu(NTA) (.560), Eu(EDTA) (.325), Eu(acac)3 (.134). These investi¬ 

gations are being extended to other organic complexes to establish an 

isomer shift scale for europium introduced into calcium binding sites in 

biological systems. 

ELECTROSTATICS AND THE WIMSHURST MACHINE 

Raymond F. Askew 

Physics Department 

Auburn University, Auburn, Alabama 

In many high school science departments, as well as in many college 

and university physics departments, the demonstration stockroom contains 

a relic of the past, the Wimhurst machine. Where available this machine 

is often used in classes wherein the instructor wishes to demonstrate 

charge separation. Unfortunately the accompanying physical explanation 

associates the operation with frictional separation alone. Such an 

explanation of course fails to explain why the machine will operate in 

only one direction of rotation and why the polarity of the separation is 

always the same for a given machine. The total answer includes charge 

separation by induction and contact potential. 

RECENT ADVANCES IN HIGH POWERED LASERS 

T. A. Barr, Jr. 

Physical Sciences Directorate 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

High average power from a laser requires reasonable efficiency of 

power generation and some method for rapid removal of excess energy. 

Three categories of lasers have a potential for meeting these require- 
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merits, viz., gas dynamic lasers, electric discharge-flowing gas lasers, 

and chemical lasers. Of these the gas dynamic laser has a demonstrated 

high power capability, and the high power electric discharge laser is 

technically feasible. The chemical laser shows considerable promise but 

has not yet been fully developed. General descriptions of these types 

of lasers, their good and bad points, and examples from each category 

are described in this paper. 

TEST SETS FOR (ct,B) MATRICES 

E. T. Beasley, Jr. 

University of Alabama, Huntsville 

If a and B are nonzero n-component column vectors over a field F, 

then an (a,B)-set is a set 1 of n-square matrices over F such that for 

any n-square matrix A over F, A^^ = a or A^g = B if and only if 1 is a 

characteristic value of PA for each P in T. It is shown that for any 

such a and B there is an (a,B)-set of cardnality n2 - 2n + 2. Letting 

e denote the n-component vector with all entries equal to 1, (e,e)-sets 

of permutation matrices are considered. For n = 3, any set of 5 per¬ 

mutation matrices is shown to be an (e,e)-set. 

SCATTERING AND ENERGY LOSS OF ENERGETIC ELECTRONS IN 

WEAKLY IONIZED PLASMAS IN THE PRESENCE OF AN 

ACCELERATING ELECTRIC FIELD 

C. M. Bowden, J. F. Perkins, and R. A. Shatas 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Although scattering and energy loss of electrons penetrating into 

matter without an external field is well known, electric fields of the 

order of kV cm--*- at atmospheric pressures substantially affect both the 

range and the energy deposition of the primaries. We report numerical 

data in range and differential and integral energy deposition enhance¬ 

ment for 100 keV to 2 MeV electron beams and external fields between 1 

and 5 kV cm“l. These results were obtained by extending our previous 

MONTE CARLO calculations of transport of fast electrons in thick ab¬ 

sorbers (J. F. Perkins, 1962, Phys. Rev. 126:1781-1784) to include the 

effects of an external electric field applied across the scatterer. 

Our computer program is designed using a modified MONTE CARLO technique 

such that the electron trajectory is subdivided into track segments of 

multiple scattering and such that the rms scattering angle does not 

exceed the allowable over a given track length consistent with the 

Moliere theory. These requirements give valid results for incident 

electron beam energies above 100 keV. The use of the Moliere modified 

MONTE CARLO technique results in much reduced computer time compared 

to a simulation using the straightforward single scattering MONTE CARLO 

method. The effect of the foil separating the preionizer gun from the 

lasing gas is taken into account by omitting the external field for seg¬ 

ments of the track equivalent in g cm-2 of the foil. Generally, for very 

thin and foilless configurations, the range of the ionizing electrons is 
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extended by several fold at highest allowable fields; also, the max 

dE/dx is shifted deeper into the scatterer. Scattering by foils in ex¬ 

cess of 30 keV stopping power is sufficiently severe to decrease the 

range enhancement by the drift field. Detailed results are given in 

forms of graphs directly usable by the designer for electron bean pre¬ 

ionized electrical discharge pumped molecular gas lasers. 

SINGLE PULSE TEA C02 LASERS 

George J. Dezenberg 

Physical Sciences Directorate 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

TEA, an acronym for Tlransversly Excited Atmospheric, describes a 

class of lasers in which the discharge is transverse to the optical 

axis. Transverse excitation schemes evolved to reduce the voltage re¬ 

quired to excite high pressure lasers. The applied voltages could be 

reduced, while maintaining a constant electric field to pressure ratio, 

by reducing electrode separation from meters, which is typical in 

axially excited lasers, to centimeters. Single pulse TEA C02 lasers are 

excited by fast discharges between overvoltaged electrodes which deposit 

electrical energy into the laser gas mixture in a time shorter than the 

arc formation time. The electrical energy deposited into the laser gas 

can be increased in a capacitively pin loaded TEA C02 laser by using 

marx-generator excitation techniques. 

An 8-stage, 200 kV, distributed marx-generator was used to excite 

a C02 laser having 37 capacitively loaded cathode pins. Pin separation 

was 2.5 cm and anode-cathode separation was 5 cm. The output energy was 

increased by a factor of four with the use of the marx-generator because 

the laser could be operated at higher pressure. The laser was operated 

up to a maximum total pressure of 700 torr with a 1:1:2, C02:N2:He mix¬ 

ture ratio. 

AN APPLICATION OF VECTOR ALGEBRA TO 

THE REAL PROJECTIVE PLANE 

Aldo Forte 

University of Alabama, Huntsville 

In this paper we represent the incidence conditions in the real 

projective plane using the different products of vectors in the 3-di¬ 

mensional euclidean space and then these representations are applied 

in order to prove some incidence theorems. 

193 



Abstract s 

REGARDING THE APPLICABILITY OF THE LOCAL EQUILIBRIUM POSTULATE 

AND THE ELECTROCHEMICAL GIBBS-DUHEM RELATION TO STEADY-STATE 

TRANSPORT IN SOLIDS 

A. T. Fromhold, Jr., S. R. Coriell, and J. Kruger 

Institute for Materials Research 

National Bureau of Standards 

Washington, D. C. 

An electrochemical analog of the well-know Gibbs-Duhem relation 

from equilibrium thermodynamics is derived; the usual postulate of local 

equilibrium employed in nonequilibrium thermodynamics is utilized to 

extend the results to the nonequilibrium domain. The application of the 

Electrochemical Gibbs-Duhem relation so derived to the particular case 

of several charged diffusing species in a solid yields an expression for 

the local electric field which is compared with an expression for the 

field deduced by a straightforward analysis based on transport equations 

The two approaches yield consistent results only in the limit of thermo¬ 

dynamic equilibrium. It is concluded that the well-known equations of 

chemical equilibrium and the Gibbs-Duhem relation cannot be employed 

universally to describe steady-state transport in solids; in particular, 

such relations cannot be used indiscriminately to treat the growth of 

oxides and similar tarnish films on metals. (Permanent address: Depart 

ment of Physics, Auburn University, Auburn, Alabama 36830.) 

APPLIED MATHEMATICS IN THE UNDERGRADUATE CURRICULUM 

W. L. Furman 

Spring Hill College 

Mobile, Alabama 

Applications of mathematics have increased greatly in recent years. 

The Committee on the Undergraduate Program in Mathematics (CUPM) appoint 

ed a Panel on Applied Mathematics to consider the implications of this 

increase for the undergraduate curriculum in mathematics. The Panel has 

made four recommendations. The first is that each department should 

offer one or two courses in applied mathematics treating realistic 

situations completely with a careful analysis of the nonmathematical 

origin of the problem, the formulation of a mathematical model, solution 

of the mathematical problem, relevant computations, and interpretation 

of the results in regard to the original problem. The second is that a 

greater number of realistic applications from a wider variety of fields 

be introduced into the mathematics courses of the first two years. The 

third is that every student whose degree program includes a substantial 

number of courses in mathematics should take at least one course in 

applied mathematics. The fourth is that an undergraduate concentration 

in applied mathematics be offered if the resources of the college per¬ 

mits . 
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AN ELECTROSTATIC METHOD OF DETERMINING IONIZATION 

ENERGIES OF SEMICONDUCTORS 

Aleyamma George 

Department of Physics 

Talladega College, Talladega, Alabama 

A new technique involving the principle of the electrostatic method 

used for powder particles inserted in a Millikan chamber is modified to 

determine photoionization energies of a few organic single crystals. 

The crystal (y 25 y thickness) is suspended by a fine quartz fiber in an 

electric field between two vertical capacitor plates. With photons of 

sufficient energy incident on the crystal, the onset of ionization is 

determined through the potential required to restore zero deflection. 

From a plot of photon energy hmvs reciprocal of balancing voltage, 

1/V, the threshold energy $ is directly obtained from the intercept of 

the graph on the energy axis. Results of experiments done in air and in 

high vacuum are reported. The values of $ obtained here are slightly 

lower than those reported by others. 

PHOTOIONIZATION OF MAGNESIUM PHTHALOCYANINE IN OXYGEN 

AND HYDROGEN ATMOSPHERES 

Aleyamma George 

Department of Physics 

Talladega College, Talladega, Alabama 

Results of surface ionization energy $ of magnesium phthalocyanine 

crystal in a clean ultra high vacuum of 10“9 Torr and the changes pro¬ 

duced by adsorption in 10~~ Torr oxygen and hydrogen atmospheres are 

presented and analyzed. The variations in the photoelectric thresh¬ 

old are interpreted on the basis of band bending and also on the 

theoretical methods of calculating molecular orbitals of large flat 

molecules. The experimental results are in support of the idea that the 

phthalocyanine molecule consists of two specific non-interacting reso¬ 

nance systems, one consisting of the 16 atom inner conjugated ring, the 

other, the four peripheral benzene rings. The electronic transitions 

due to adsorption of oxygen and hydrogen are believed to occur near the 

benzene portion of the molecule. Values of $ obtained here are compara¬ 

tively lower than those obtained by previous workers. Results of experi¬ 

ments with copper phthalocyanine are also reported in support of the 

above conclusions. 

It is also found that magnesium and copper phthalocyanine do not 

exhibit a double quantum photoemission as has been observed by some in 

the case of anthracene. 
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GAS LASER PUMPING WITH FISSION FRAGMENTS AND HEAVY 

CHARGED PARTICLES 

Faison P. Gibson and Thomas G. Miller 

U. S. Army Missile Command 

Restone Arsenal, Alabama 

Recent research has indicated that under certain conditions the 

energy of an electric discharge through a noble gas can to a high 

efficiency be deposited into the first excited state of a diatomic noble 

gas molecule. Such molecules can be formed in a time on the order of 

one nanosecond and have a spontaneous decay time of around 20 nanose¬ 

conds. When they decay they break up. Thus an efficient inversion 

mechanism for a laser suggests itself. LRL workers have in fact observed 

stimulated emission in xenon and believe they have seen lasing. 

In the Physical Sciences Directorate we are exploring the possibil¬ 

ity of pumping such a noble gas laser with energetic positive nuclei 

instead of an electric discharge. Several possible pumping mechanisms 

are discussed, each using neutrons from a pulsed reactor to trigger 

nuclear reactions in a selected material lining the laser wall or mixed 

in with the noble gas laser medium. 

SIMULTANEOUS REDUCTION OF MATRICES 

P. M. Gibson 

Department of Mathematics 

University of Alabama, Huntsville 

A number of necessary and sufficient conditions are given for the 

existence of unitary matrices U and V such that UAV is a diagonal matrix 

for every matrix A in some set S of rectangular complex matrices. Two 

related questions are then considered. A necessary and sufficient con¬ 

dition for the existence of unitary matrices U and V such that UAV is a 

real diagonal matrix for every A in S is obtained, and an improvement on 

a necessary and sufficient condition discovered by R. C. Thompson for 

the existence of real orthogonal matrices P and Q such that PAQ is a 

diagonal matrix for every A in S is given. 

THE USE OF OCULAR HOLOGRAMS FOR OPTOMETRIC INSTRUCTION 

B. G. Gilman and W. M. Rosenblum 

School of Optometry, Medical Center 

University of Alabama, Birmingham 

A simple holographic representation of an ocular system has been 

produced which is more realistic than current eye models presently being 

used for optometric instruction. Under normal viewing conditions, a 

holographic image of an eye is seen with the pupil and frontal surface 

in focus and retina out of focus. Examination of the holographic retinal 

image can be accomplished by use of an opthalmoscope or other refractive 

device. The retinal image maintains its three dimensionality and can be 

examined over a wide field of view and magnification by varying the 
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observation position through the pupil using regular clinical techniques. 

ON MODELING EFFERENT VENTRICULAR AUGMENTOR FIBERS 

Michael E. Greene 

Southern Research Institute 

Birmingham, Alabama 

and 

John W. Clark 

Bioengineering Group 

Rice University, Houston, Texas 

A mathematical model of the function of sympathetic neural termi¬ 

nations in ventricular tissue is developed by analogy to various inter¬ 

neuronal and neuromuscular junctions and a series of experiments on dog. 

The model characterizes the ventricular neuromuscular junction in terms 

of two subsystems, a neurotransmitter release mechanism, the input of 

which is a chain of single nerve spikes, and a ventricular contraction 

mechanism. The output of the transmitter release mechanism is norepi¬ 

nephrine concentration in a lumped steady-state behavior that mimics the 

data of Rosenbleuth (1932). In response to a single impulse the output 

of the first subsystem is a norepinephrine concentration of the form 

te-^*- where b is the time constant of norepinephrine utilization. The 

norepinephrine concentration resulting from multiple nerve firings is 

the sum of the individual impulse responses weighted by a monotonically 

decreasing factor K(n) and shifted in time by nT where T is the time 

interval between stimuli. In effect, this assumes that the controlling 

factor in sympathetic augmentor control of ventricular function is the 

total number of impulses received in a fixed period of stimulation rather 

than the frequency of the spike train. However, for a fixed number of 

spikes, stimulus frequency does affect NE responses because each term 

in the sum is shifted by nT; therefore the most noticeable effect is a 

decrease in rise time with increasing frequency. Another facet of the 

model is that for small numbers of impulses, the rise in response is 

almost linear while for larger numbers of impulses the responses def¬ 

initely increase in a nonlinear manner. The second subsystem is used 

to deduce norepinephrine concentration from a series of dog experiments. 

These results compare favorably with the first subsystem of the model. 

SPACES AND STRUCTURES IN SETS 

Japheth Hall, Jr. 

Department of Mathematics 

Stillman College, Tuscaloosa, Alabama 

This paper initiates an abstract treatment of the notion of a sub¬ 

system of a mathematical system based on the notion of a space (V,P); 

that is, V is a set and P is a structure in V (a function from the sub¬ 

sets of V to the subsets of V). A characterization of the subspaces of 
(V,P) [subsets X of V such that if Y C X, then P(Y)CX] is given in terms 

of closure properties of P, and another is given in terms of the sequence 
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defined below: 

P1 = P; and Pn+1 = PPn. 

Algebras and incidence systems [pairs (W,G) such that W is a set and 

G is a collection of subsets of W such that if xeW and yeW, then there 

is a BeG such that xtBandyeB] are interpreted as spaces in such a way 

that their subsystems become subspaces of a space. 

RAYLEIGH'S THEORY OF LIGHT SCATTERING 

H. B. Holl 

Physical Sciences Directorate 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

and University of Alabama, Huntsville 

Light scattering of very small spherical particles can be computed 

from the Mie scattering functions where the argument of the functions 

a = 2rrpA is small (Rayleigh region). 

We consider three functions: 

(1) 

(2) 

(3) 

Light scattering in the direction (p of a particle: 

1(9) 
4nr' 

s 
a 

3 2 

N - 1 
~S ~ 
N + 2 

(1 + cos cp) , 

Extinction and absorption of a single particle: 

k = * 2 cf3 Im 
2tt (-Sri)’ 

Extinction of a single particle: 

k* = X*_ . ifcCL. 
2tt ’ 3 2 

N + 2 

where p = radius of particle 

X = wavelength (inside the particle) 

N = complex index of refraction, N = n - ki = n (1-ni). 

For the discussion of optical properties of small particles we can deal 

N3 - 1 3 , „ / N3 - 1' 
and Im I - —3- 

V N + 2 
with the functions These functions have 

N3 + 2 

been computed for 2400 values of N, e.g., n = 0(0.1)4.0, k = 0(0.1)6.0. 

The results are given in two plots. The discussion deals with Rayleigh 

scattering of small particles as a function of particle number, particle 

volume, particle concentration, wavelength, and index of refraction. 

198 



Journal of the Alabama Academy of Science 

REDUCING COMPUTER STORAGE REQUIREMENTS THROUGH 

THE USE OF MATHEMATICS 

Edwin G. Hudspeth 

Alabama Development Office 

Montgomery, Alabama 

Basic mathematical techniques can be used to reduce storage re¬ 

quirements when using a fixed word length computer and a language like 

BASIC or sinple FORTRAN. 

Storing a one- or ten-digit number requires the same amount of 

storage space. Thus, if five two-digit grades are stored separately, 

five words are required. Packing the data into one ten-digit number 

reduces storage requirements 60 to 80%. This can be accomplished by 

multiplying successive grades by powers of ten and adding them together 

before storing. 

Bit manipulation can also be performed mathematically. Summing 

powers of two will produce a total which when considered in binary form 

has bits in positions corresponding to the powers of two that were 

summed. By numbering keywords and using the technique of summing powers 

of two, storage requirements for a document keyword file can be reduced 

up to 90%. 

The use of the mathematical techniques discussed in this paper re¬ 

sult in extra computer computations, but, due to the disc to core trans¬ 

fer time, result in shorter running times. 

GAS BREAKDOWN AT 10.6 MICRON RADIATION 

Carlton D. Moody 

Physical Sciences Directorate 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

An experimental study of the breakdown of various gases under in¬ 

tense radiation of 10.6 p was made, and a theoretical model for the 

development of gas breakdown is presented. The gases under investigation 

were He, Ne, Ar, 02, and air. The pressure range was from 0.3 to 13 

atmospheres and the focal diameter from 0.75 x 10~2 cm to 3.0 x 10-2 cm. 

It was found that for all gases studied, the threshold power density 

decreases as the focal volume increases and that it decreases as the 

pressure increases, in the pressure range considered. The rate of de¬ 

crease with pressure was found to vary with different gases and focal 

volumes. This reduction of threshold with increased pressure is less 

sharp as the focal volume becomes larger. 

The theoretical model is based on classical microwave cascade 

theory. The importance of loss terms other than the electron diffusion 

loss is discussed. The theoretical model predicts that even for large 

beams some loss terms are still important and the breakdown threshold is 

not completely time dominated. The threshold value is predicted to be 

higher than the one predicted based on a loss-free calculation. 

When the focussed beams of a pulsed C02 laser and a CW CO2 laser 

were superimposed, the pulsed gas breakdown threshold was raised. It 

199 



Abstracts 

was found that the increase in the threshold was dependent on the gas 

pressure and CW power. It was also found that the CW gas breakdown 

threshold was several hundred times smaller than that of pulsed gas 

breakdown, with the CW optical discharge exhibiting a peak power and 

gas pressure instability. 

THE PRECIPITATION OF In2Bi FROM SUPERSATURATED ct-PHASE 

Guenther H. Otto 

Department of Physics 

University of Alabama, Huntsville 

Indium, having a face centered tetragonal lattice, forms a sub¬ 

stitutional solid solution (a-phase) with bismuth where the maximum 

solubility is strongly temperature dependent. At temperatures below 

the solubility limit, the a-phase becomes metastable, and the Bi content 

in the solid solution will be reduced by incoherent precipitation of the 

intermetallic compound In2Bi. 

We have followed the course of the isothermal precipitation of the 

second phase by resistivity measurements on a polycrystalline indium 

wire containing 8.8 at .% (15 w.%) bismuth. The characteristic tempera¬ 

ture at which the solubility limit is reached for this composition was 

found to be 52°C. The sample, with the electrical contacts attached, 

was annealed above the characteristic temperature until a stable re¬ 

sistivity reading was reached and then repeatedly quenched into a temp¬ 

erature-regulated water bath of different temperatures. The observed 

time-dependent decrease in resistivity is caused by the nucleation and 

growth of the In2Bi phase. Plotting the fractional change of the 

measured resistivity (pQ - p)/(pg - p<») 5 Ap as a function of time, t, 

(with pQ and p„ being the resistivity at t = 0 and t = °°, respectively) 

gives sigmoidal curves in which Ap increases slowly at first, then much 

more rapidly, and finally slowly again. However, all curves can be 

linearized up to Ap = 0.5 utilizing the relation Ap = 1 - exp (-btn), 

which was first proposed by Avrami. In this expression, b is a measure 

for the reaction velocity, whereas n is goverened by the geometry of the 

growing particles. For the material investigated, the value of n varied 

between four and one, where the latter is obtained at a decomposition 

temperature of 0°C. (Research supported by NASA-Marshall Space Flight 

Center.) 

SOME REMARKS ON A DEFINITION OF POSITIVE DEFINITENESS FOR 

THE REAL FUNCTION V(t,x) DEFINED ON EcR1 x R" 

Merle D. Roach 

University of Alabama, Huntsville 

Certain techniques used to study uniqueness and the qualita¬ 

tive nature of solutions of ordinary differential equations involve 

a positive definite auxiliary function V:E -• R, EcR1 x Rn • Such 

a function is often considered to be positive definite on E if there 

exists a real, continuous and strictly increasing function cp:fo,p] — R 
satisfying cp(0) = 0 and 
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Cp(||x||) < V(t,x), (t,x) 6 E, ||x|| < p. 

In the case V(t,x) = V(x), then V is positive definite on 

E if and only if V(0) = 0 and V(x) > 0 for x f 0. The latter 

condition is the usual criterion for an autonomous function to be 

positive definite. 

MODELING CW CHEMICAL LASERS 

T. G. Roberts and W. A. Friday 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The theoretical model created by Airey (Richard J. Airey, 1969, Avco 

Everett Res. Lab., Report No. 336) for the pulsed Cl + HBr laser has been 

modified, generalized, and applied to the study of cw chemical lasers. 

Simple aerodynamic and exponential mixing schemes have been included, and 

the output power can be extracted by assuming that only the line which 

shows maximum gain radiates or by assuming that all the lines which ex¬ 

ceed threshold radiate. The first case (single line model) results when 

rotational-rotational cross relaxation is extremely fast and the second 

case (multiline model) results when the cross relaxation is very slow. 

The model is also modified to calculate the effects produced by a lack of 

rotational and translational temperature equilibration or by the rota¬ 

tional distributions deviating from Boltzmann. 

The characteristics of the premixed cw Cl + HBr laser are calculated 

and the effects on the output power of varying certain engineering param¬ 

eters are emphasized. These results are then used as a standard case for 

comparisons with the calculations which include mixing, temperature, or 

rotational distribution effects. 

EXCITATION OF COLLECTIVE ELECTRON OSCILLATIONS BY 

LASER BEAM PASSAGE THROUGH SEMICONDUCTORS 

R. A. Shatas, H. C. Meyer, and J. L. Smith 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Recent experiments with kilojoule pulse energy high pressure molecu¬ 

lar lasers have shown that their performance is restricted by the degra¬ 

dation of ancillary optical components. The purpose of this investigation 

is to analyze laser damage processes primarily valid for high electronic 

mobility, low band gap substances such as 3-5 compound semiconductors 

which may be used as optical window materials. Experimental data ob¬ 

tained with pulses of lO-7...^-17 sec pulse duration show the damage flux 

to be of the order of 5 to 30 MW cm-7 for pure and doped GaAs in the 

wavelength range 0.695 ym to 10 ym. Of most likely damage processes sur¬ 

veyed by Bliss (E. S. Bliss, 1971, J. Opto-Electronics 3:99-108) neither 

the absorbance by multiphonon (M. Sparks, 1972, Progress Reports, Con¬ 

tract DAHC15-72-C-0129, unpublished) processes nor residual extrinsic 

(defect) absorption (F. A. Horrigan and T. F. Deutsch, 1972, Progress 
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Reports, Contract DAAH0172-C-0194, unpublished) is of the magnitude re¬ 

quired to cause the destruction of material by a temperature rise is a 

single-pulse operation. Also, the laser fluxes in question are too low 

for the stimulated Brillouin scattering or filament formation induced by 

self-focussing. Recently, the electron avalanche breakdown has been pro¬ 

posed to account for the bulk damage in alkali halides (E. Yablonovich 

and N. Bloembergen, 1972, Phys. Rev. Lett. 29:907-910). The argument 

for the avalanche breakdown can be given by extending Shockley's mechan¬ 

ism (M. Bass and H. H. Barrett, 1972, IEEE Journal Quantum Electronics 

QE8:338-343) originally conceived for a DC field to an alternating field. 

A few "lucky electrons" experience momentum-reversing collisions just in 

time of the reversal of the alternating field such that the acceleration 

of the electron continues throughout the many RF cycles needed to impart 

to the electron the kinetic energy above the ionization potential. This 

argument predicts that the rms value of the alternating field must be 

higher than that of the DC field to obtain an avalanche breakdown. Such 

an increase in the breakdown field in alkali halides indeed has been 

demonstrated by Fradin and Bass (D. W. Fradin and M. Bass, 1973, Appl. 

Phys. Lett. 22:206-208). Our investigations (J. L. Smith, 1972, J. Appl. 

Phys. 43:3399-3402; H. C. Meyer et al ., 1973, Bull. Amer. Phys. Soc. 18: 

266) on the breakdown of GaAs under CO2 and Nd3+-glass laser illumination 

have shown that the rms value of the breakdown field decreases with in¬ 

creasing frequency at infrared wavelengths and is generally much lower 

than the DC value. Because of a relatively high mobility of free elec¬ 

trons in 3-5 compound semiconductors, the average time elapsing between 

successive electron-lattice collisions is long compared with the half¬ 

cycle of the alternating field. Therefore, one can expect that the en¬ 

ergy absorbed by electrons from the radiation field is first shared by the 

electronic system before it is equilibrated with the lattice. According¬ 

ly, one can formulate the problem in terms of processes typical to a high 

temperature plasma which is driven unstable by a strong electric field 

(H. C. Meyer and R. A. Shatas, 1972, Phys. Fluids 15:1542-1543). We des¬ 

cribe the system by the Hamiltonian H=H +H»+H +H +H +H» 
J J e -t r ee e-r -c-r 

+ H + H „ where the subscripts e , t , r stand for the electron, 
ee-r ee-l 

lattice, and radiation fields, respectively. 

This Hamiltonian cannot be solved by the available quantum theoret¬ 

ical methods; therefore, we employ a two-step approach retaining only 

the lowest-order terms. First, we describe qualitatively the conditions 

through which the electron-radiation field interaction term He_r leads to 

the collective electronic states described by the electron-electron 

Hamiltonian Hee. Arguments presented are based on multiphoton (G. J. 

Pert, 1972, IEEE Journal of Quantum Electronics QE8:623-631) and inter¬ 

band Zener tunnelling (L. V. Keldysh, 1965, SP-JETP 20:1307-1314) pro¬ 

cesses. Once a sufficient number of quasi-free electrons is created such 

that a near-resonant collective electron-radiation field interaction term 

Hee_r dominates, the threshold for the onset of the parametric instabil¬ 

ity can be calculated classically by solving the Vlasov equation to the 

lowest order in the electron distribution (J. I. Gersten and N. Tzoar, 

1971, Phys. Rev. Lett. 27:1650-1654). If the electric field associated 

with the laser flux exceeds the threshold value for the parametric exci¬ 

tation of the electron plasma instability, a rapid destruction of materi¬ 

al takes place through the anomalous absorption (Y. C. Lee and C. H. Su, 
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h 
1966, Phys, Rev. 152:129-135; W. L. Kruer and J. M. Dawson, 1972, Phys. 

Fluids 15:446-453). Calculations show the value of the threshold elec¬ 

tric field above which the parametric instability occurs to be of the 

order of 10"’ V cm-* for GaAs. Experimental results for the surface dam¬ 

age are within an order of magnitude of this predicted value. Because 

the photon is a transverse and the plasmon a longitudinal wave, breaking 

of translational invariance is needed to obtain a direct photon to plas¬ 

mon conversion. This qualitative argument makes it plausible why the 

surface damage is more likely to occur first. 

s 

SOFT X-RAYS FROM LASER HEATED DENSE HIGH-Z PLASMAS 

I | 
R. A. Shatas, J. D. Stettler, T. G. Roberts, and H. C. Meyer 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Soft x-ray pulses of nanosecond duration are needed to test mate¬ 

rials and components exposed to radiations emitted by inertially con¬ 

tained implosion compressed pulsed fusion reactors now considered to 

be a probable source of energy in the late Twentieth Century. Technique: 

presently employed to simulate x-ray pulses are (a) electron diode guns 

bombarding a heavy metal target, (b) underground fusion devices, and 

(c) dense plasma focus with high-Z material electrode tips which inject 

high-Z material into low-Z plasma through the erosion of the electrode. 

Electron diode guns at the required x-ray photon energies of tens of keV 

are very inefficient because the conversion efficiency of electron beam 

energy into Bremsstrahlung decreases superlinearly with the decrease of 

electron energy for a given Z target anode. In addition, at low elec¬ 

tron energies of fractional MeV, the space charge of electron beam is 

not canceled by relativistic effects and limits severely the maximum 

current density of the electron beam. Furthermore, electric fields at 

the cathode are usually not sufficient to obtain a copious electron 

emission by the field emission effect at the potential differences in 

question, and therefore thermionic cathodes must be employed which 

intrinsically yield a much lower current density of electron emission 

than field emitters. Present electron-beam-Bremsstrahlung flash gener¬ 

ators of a useful x-ray fluence therefore employ electron beams in 

the several MeV range. They generate x-ray flashes of an initial spec¬ 

tral distribution heavily weighted towards the hard x-ray spectral range. 

Because the x-ray penetration depth decreases superlinearly with the 

photon energy, the deposited x-ray energy density m test materials and 

components is substantially different for soft and hard x-ray flashes 

of an identical fluence at the source. Therefore pass-fail conclusions 

of tests on materials, components, and devices performed with x-ray 

flashes generated by several MeV energy electron beams are not directly 

scalable to predict the performance under soft x-ray flashes. Under¬ 

ground fusion flash tests suffer from the intrinsic inability to sepa¬ 

rate by the time-of-f1ight method the various components of radiations 

and expansion waves generated during the test. Accordingly, various 

radiation and blast wave effects cannot be readily differentiated, 

and only the cumulative gross effects are observed. Thus, the mate¬ 

rials designer is handicapped in separating the individual contributions 
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from each damaging radiation. 

In this contribution, we analyze alternate methods for the soft 

x-ray pulse generation which rely on the unprecedented values of light 

flux attainable with high pulse energy molecular lasers. First, we 

discuss laser-plasma interaction processes and demonstrate that at the 

thermonuclear reaction temperatures the absorbance of light by the inverse 

Bremsstrahlung in deuterium-tritium plasma is too small to permit the 

construction of a device of a currently practicable size. Two effects 

are employed to remedy this deficiency. First, the onset of the anoma¬ 

lous absorption due to the parametric and two-stream instabilities is 

shown to occur at electric fields associated with presently attainable 

light fluxes of molecular gas lasers. For this purpose, the electron 

plasma frequency has to be just slightly below the laser frequency. 

The corresponding electron density must be therefore maintained close 

to 10^9 cm“^ for a plasma to be heated by the 10.6 pm pulsed CO2 laser. 

Such electron densities are easily attainable with the dense focus 

plasma gun. Second, a small quantity of high-Z material injected into 

the hot plasma dramatically increases both the direct and the inverse 

Bremsstrahlung. However, number densities, containment times and plasma 

temperatures are such that the conditions for the attainment of local 

thermodynamic equilibrium are not satisfied any more. One therefore has 

to consider corona conditions and to solve rate equations involving dif¬ 

ferent degrees of ionization of injected high-Z atoms. Because of a 

large expenditure in computation time needed for such calculations, 

some simplifying assumptions were made which enabled us to obtain order 

of magnitude estimates for soft x-ray yields of hydrogen-isotope plasmas 

seeded with 5% of copper, iron, and uranium atoms. The enhanced radia¬ 

tive cooling is compensated by laser heating with a tailored pulse shape 

CO2 laser of approximately 1 kj pulse energy. Typical laser to x-ray 

conversion efficiencies range from 107 for 10 keV to 707, for 500 eV 

plasmas. 

PSYCHOPHYSICS: SIGNAL-DETECTION VERSUS THRESHOLD THEORY 

William Siler 

Department of Biomathematics 

University of Alabama, Birmingham 

Tests of signal detection and threshold theory were carried out 

on goldfish, by comparing observed Receiver Operating Characteristic 

Curves with those to be expected from the theories being tested. An 

avoidance-conditioning paradigm was employed, with sound as the condi¬ 

tioned stimulus and shock as the unconditioned stimulus, using a small 

analog/hybrid computer for automatic control and data recording. Equal- 

variance signal-detection theory was found to be consistent with the 

data, with two modifications. First, random responses unrelated to 

signal or noise, as observed by Heinemann in pigeons, were sometimes 

present, substantially altering the predicted ROC curve; in addition, 

the probability of random response was itself (unlike that in pigeons) 

a random variable. Secondly, the criterion employed by the fish was 

also found to be a random variable. A "small-group" method was devised 
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to correct for criterion variability, which also alters the shape of the 

ROC curves. Simple threshold theories were not consistent with the data 

However, under the explicit and implicit restrictions of threshold meth¬ 

ods, it is shown that they can produce replicable results, even though 

based on invalid concepts. 

EFFECTS OF LASER FLUX ON GaAs 

J. Lynn Smith 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Pulsed laser damage thresholds for surface damage of GaAs have been 

measured for 0.694, 1.06 and 10.6 micron laser beams. These wavelengths 

were obtained with ruby, Nd-glass and TEA CO2 lasers with pulse half¬ 

widths of 20 nsec, 60 nsec and 100 nsec, respectively. The first two 

lasers utilized dye Q-switched cells. Later work with the Nd-glass laser 

incorporated a Pockels cell for Q-switching. Surface damage thresholds 

ranged from about 8 MW cm-" for 0.694 micron radiation to 30 MW cm-2 for 

10.6 micron radiation, and except for 10.6 micron radiation did not de¬ 

pend on whether the GaAs was p-type, n-type or undoped. For 10.6 micron 

radiation, the p-type GaAs was damaged at one-third the value for the 

n-type GaAs and mostly exhibited bulk cracking rather than surface damage. 

Highly localized damage sites occurring at 1.06 microns cannot be ac¬ 

counted for by laser beam inhomogeneities (J. Lynn Smith, J. Appl. Phys. 

43:3399-3402). A study of the effects of surface trash on this locali¬ 

zation revealed that, although visible trash does play a role, it need 

not be present for surface pits of approximately 2 microns to occur. An 

arrangement utilizing a Pockels-switched Nd-glass laser and quartz trans¬ 

ducer was devised to determine whether the leading acoustical pulse in¬ 

duced in GaAs bulk by the laser beam was rarefaction or compression. 

Rarefaction could result if the material were strongly electrostrictive, 

and this would bring out the question of the possibility of stimulated 

Brillouin scattering ( R. Y. Chiao and C. H. Townes, Phys. Rev. Lett. 12: 

592-595) which depends on the effect. On the other hand, compression 

would result, for example, from thermal expansion. The study confirmed 

that the main effect of the 1.06 micron laser beam is to produce a com¬ 

pressions! pulse. The pulse amplitude was found to be proportional to 

the laser power up to the damage threshold. 

SYSTEM ERROR ANALYSIS AND THE INTERACTIVE TERMINAL 

C. J. Standish and W. H. Land, Jr. 

IBM Electronics Systems Center 

Owego, New York 

This paper presents minimum variance systems error analysis tech¬ 

niques which can be applied to (a) ascertaining total system performance, 

(b) determining procedures to select the "best" system based on speci¬ 

fied performance characteristics and (c) determining the sensitivity of 

the total system to each error source or to an arbitrary linear combina- 
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tion of error sources. Procedures are presented for implementing these 

techniques on an interactive terminal utilizing the APL language. 

The presentation is divided into two parts. The first part contains 

the theoretical description of the error analysis technique while the 

second part describes the application to the solution of selected prob¬ 

lems . 

WIND MEASUREMENTS IN A FOREST CUT 

Dorathy Anne Stewart 

Physical Sciences Directorate 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Winds have been studied in a forest cut 2200 ft long and 200 ft wide. 

The land in the cut has been smoothed by a bulldozer, and grass is grow¬ 

ing uniformly throughout the area. On both sides of the cut the land is 

uneven, and most of the trees are at least 30 ft high. Photographs of 

smoke tests provide a means of visualizing the flow patterns. Precise 

quantitative data are provided by anemometers with very sensitive propel¬ 

lers pointing in each of three mutually perpendicular directions. These 

anemometers are located at five levels on each of six towers. Data from 

all the anemometers are recorded on magnetic tape on a regular schedule 

every half-hour for 30 seconds at a rate of one per second. Special data 

are also recorded from time to time. The following conclusions have been 

reached: (1) winds are much more likely to blow along the cut than per¬ 

pendicular to it; (2) wind directions can change considerably in short 

distances when speeds are low; and (3) the motion field is not isotropic 

in all three directions. 

GROUP EXTENSIONS BY THE CYCLIC GROUP OF ORDER TWO 

John R. Talburt 

Columbus College, Columbus, Georgia 

An extension of a group H by the cyclic group of order two can be 

thought of as the group obtained by adjoining to H the left coset xH 

where x is new element not in H. The defining relations satisfied by x 

are determined by the choice of an automorphism qf H and some fixed point 

of this automation. 

This approach to the extension problem is most useful from a com¬ 

putational standpoint. This paper investigates the problems of deter¬ 

mining when two different automorphisms and fixed points will lead to the 

construction of isomorphic extensions and the problem of determining when 

a group is isoclinic to its extension. 
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COLLEGE GEOMETRY 

Richard G. Vinson 

Department of Mathematics 

University of South Alabama, Mobile 

A review of the recommendations of the committee on the Under¬ 

graduate Program in Mathematics of the American Mathematical Society is 

made and compared with the needs of students who may elect such courses. 

Alternate ways are discussed, and a workable course is outlined, for 

students who are preparing to teach mathematics in elementary or sec¬ 

ondary school. An alternate course is outlined for students preparing 

to teach on the college or junior college level. 

THE BRANCHING RATIO OF SCANDIUM-50 

Hugh H. Walker and William L. Alford 

Department of Physics 

Auburn University, Auburn, Alabama 

The branching ratio for the beta decay of Scandium-50 was determined 

from the intensities of gamma rays involving levels of 5®Ti. The 50Sc 

was produced by the 50Ti(n,p)50Sc reaction using a Ti02 sample enriched 

to 74% 50Ti. The present results indicate branching of 81% and 19% to 

the 3.19 and 2.67 MeV levels of 50Ti, respectively. 

IN PURSUIT OF SCIENTIFIC LITERACY: PROBLEMS IN DESIGNING 

A "CULTURE COURSE" IN PHYSICAL SCIENCE 

C. R. Ward 

Department of Physics 

Auburn University, Auburn, Alabama 

A two-quarter nonlaboratory course in physical science is now being 

offered at Auburn University to satisfy the General Studies requirement 

in Science for students who have no professional need for science train¬ 

ing, primarily majors in the liberal arts, secondary education, business, 

and physical education. A historical-philosophical-cultural approach is 

used, with numerous demonstrations and occasional opportunities for stu¬ 

dents to repeat demonstrations for themselves. Reading popular-level 

books on science topics and personalities and writing brief papers on 

science-related matters of current general interest help students to re¬ 

late science to their own lives. Sustained interest and enthusiastic 

comments indicate the course is enjoying a measure of success. 
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HIGH PRESSURE PULSED GAS-DISCHARGE LASERS WITH NUCLEAR 

PRE-IONIZATION 

Arthur H. Werkheiser and Thomas G. Miller 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Ultrahigh power lasers with good beam quality can be produced with 

molecular gas discharge devices. The most promising technique for this 

type laser is to first produce ionization between the sustainer discharge 

plates and then to discharge the sustainer capacitors across the dis¬ 

charge field and excite the laser levels. The usual technique to produce 

ionization has been to fire an external electron beam through a foil into 

the laser cavity perpendicular to the laser beam direction. Above sever¬ 

al atmospheres gas pressure, foil thickness and electron beam energy be¬ 

come a problem. 

An alternate scheme is to produce energetic charged particles within 

the laser cavity by nuclear reactions. The charged particles would then 

excite the laser levels directly or by means of the secondary electrons 

generated. If the nuclear reactions are fission reactions caused by 

neutron interaction, foil thickness no longer becomes a problem. Laser 

pumping can then be accomplished by the output of a fast burst reactor. 

Two general types of nuclear pre-ionization are presented. The 

first requires a component of the gas to interact with the neutron flux, 

such as |He or 235UFg. The second method uses a metallic deposit on the 

sustainer electrodes or on the walls of the cavity to interact with the 

neutron flux, such as 10B ~ 235U. 

The results of several experiments are presented. Future plans for 

further measurements are included. 

THERMAL EXPANSION COEFFICIENTS OF InBi SINGLE CRYSTALS 

T. J. White, R. B. Lai, J. H. Davis, and H. U. Walter 

University of Alabama, Huntsville 

Thermal expansion of InBi single crystals was studied in the tem¬ 

perature range from +80 to -180°C. A modified Leitz dilatometer was 

used, A1 could be determined to ± 3 x 10 ^mm, sample size was 20 mm x 

3 mm x 3 mm. Errors in determining temperatures ranged from ± 0.5°C 

at 80°C to ± 2°C at -180°C. InBi crystallizes in the space group PA/nmm, 

the structure consists of alternating layers of indium and bismuth atoms 

normal to the c-axis. Within error AV/V is linear with temperature 

over the range considered. With decreasing temperature the material 

expands along [001], perpendicular to the c-axis it contracts. _The a 

plots are monotonic, at -180°C aA was determined to be +32 x 10 6 °C 1, 

o„ was -37 x 10"6 °C_1. 

)-6 °C_1 

c/a ratio changes from 0.955 at room temperature to 0.974 at -160 °C. 

These results indicate unusually large anisotropy in the thermal ex¬ 

pansion of InBi. 
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THEORY OF INTERMOLECULAR VIBRATIONAL ENERGY EXCHANGE 

N. M. Witriol and J. D. Stettler 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Two theories are currently used to predict vibration-vibration 

energy exchange rates. One developed by Schwartz, Slawsky, and Herzfeld 

(SSH), uses a distorted wave method, assumes the interaction to be domi¬ 

nated by a short-range (exponential) force, and predicts a positive 

temperature dependence for the exchange rate. The other, developed by 

Sharma and Brau (SB), uses an impact parameter method, assumes the inter¬ 

action to be dominated by a long-range (multipole-multipole) force, and 

predicts a negative temperature dependence for the exchange rate. 

Experimentally, in the region of 300 K, while most systems exhibit a 

positive temperature dependence, some, like the N2-CO2 system, exhibit 

a negative temperature dependence. We will show that by using a short- 

range (exponential) force in the impact parameter model, one can obtain 

a negative temperature dependence for the exchange rate. Thus it 

appears that the method employed, rather than the potential used, may 

be the dominant feature determining the temperature dependence. 

INDUSTRY AND ECONOMICS 

THE COST OF CRIME IN BUSINESS: WHO PAYS? 

Max L. Densmore 

Graduate School of Business 

University of Alabama, University 

The direct out-of-pocket dollar costs of crimes against business are 

about 16 billion dollars a year. The total, including indirect costs, 

may be as high as 45 billion dollars a year. The cost of crime in the 

transportation of goods and materials alone is the equivalent of $7.50 

annually for every man, woman, and child in the United States. 

"Ordinary" crimes against business, as defined by the U. S. Depart¬ 

ment of Conmerce, include burglary, robbery, vandalism, shoplifting, and 

employee theft, bad checks and arson. The direct cost of these crimes 

in 1971, by major industry categories, was: Retailing $4,8 billion; ser¬ 

vices, 2.7; manufacturing, 1.8; transportation, 1.5; wholesaling, 1.4; 

crime prevention, 3.3; and arson, .2 billion dollars. Not counted as 

ordinary crimes was another estimated 200 million dollars caused by "ex¬ 

traordinary" crimes such as air hijacking, whitecollar crimes such as 

embezzlement, or the total of "organized criminal activities." 

American business is losing nearly 16 billion dollars a year (1971) 

from hijackers, burlars, thieves and other criminals, and the study cited 

indicates that the situation is continuing to get worse. Many people, 

both in government and in the private sector feel the direct loss to com¬ 

mercial enterprises affected may be, at a minimum, three times higher 

than the 16 billion dollar government estimate. 

The estimates include 2.5 billion dollars spent by companies for 
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nearly 300,000 guards and detectives, and 800 million for crime preven¬ 

tion devices such as television monitors and surveillance equipment and 

burglar alarms. The estimates do not, however, include indirect costs. 

Hearings before Senator Bible's Select Committee on Small Business in 

the United States Senate showed that losses may range from five to seven 

times stated losses from theft. Direct costs do not include crime-re¬ 

lated expenses such as additional personnel, costs of filing claims, or 

the fact that the full amount of thefts is never recovered from insurers 

or transportation carriers. The actual claims paid are only the tip of 

the iceberg. 

BANK MARKETING IN ALABAMA: A COMPARATIVE ANALYSIS 

Max L. Densmore and Karl Caldabaugh 

University of Alabama, University 

Historically, the marketing concept has been product oriented. The 

decade of the seventies indicates that the transition taking place in 

the use of marketing is in nontangible areas, and it will be increasingly 

applied to such areas as the government, social agencies, religion, and 

politics. 

This study was designed to explore the degree of recognition, use, 

and deployment of the marketing concept in Alabama banks. The banks 

were divided into three categories—$100 million in deposits or above 

(Class I), $25-100 million in deposits (Class II), and less than $25 mil¬ 

lion in deposits (Class III). Results of the questionnaire were then 

compared to the four stages of marketing which Phillip Kotler postulated 

that banks go through as they move toward full implementation of the 

marketing concept. These stages are promotional, personal, innovational, 

and systems. 

Results of the study indicate that there is a relation between the 

size of a bank and the degree of implementation of the marketing concept. 

In general, the responding banks in Class I were at Kotler's fourth stage. 

Class II was mixed, and Class III tended to be at either stage one or 

two in their marketing development. The reasons for this are not en¬ 

tirely clear. It may be by conscious choice on the part of the bank, or 

it could be because of a lack of knowledge of the activities which mar¬ 

keting actually involves. 

THE IMPACT OF THE COMPRESSED WORKWEEK ON 

RETAILING INSTITUTIONS 

James R. Harris and Jim D. Reed 

Department of Marketing and Transportation 

Auburn University, Auburn, Alabama 

The compressed workweek has become a rapidly spreading business 

phenomenon, and it has reversed the 100-year trend toward shorter work¬ 

days. By the end of 1972, it has been estimated that nearly 1,000 firms 

had converted to a shortened workweek. Conversions to a reduced work 

schedule are expected to increase at a rate of 4 firms per day. 
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The compressed workweek innovators have primarily been small, mostly 

nonunion, nonurban manufacturing, service, and retail institutions. Ac¬ 

cording to some researchers, 35 to 40 percent of the firms with some form 

of shortened work schedule for their employees were nonmanufacturing in¬ 

stitutions. Also, a recent American Management Association investigation 

showed that over one-half of a sampled group of companies which had con¬ 

verted to a compressed workweek were single-shift operations. The report 

also states that 60 percent of the adopters had initiated the 4-day, 40- 

hour workweek while 11 percent had a 4-day, 38-hour configuration. 

In recent studies, it has been shown that management has been the 

primary initiator of workweek change rather than the union. The work 

schedule changes were not founded on employee benefit orientations but 

rather on managerial operating concerns such as the desire to increase 

productivity and profits, and to reduce costs, absenteeism, and employee 

turnover. 

The rate of increase in retailing conversions does not seem to be at 

the level of manufacturing and service institutions, but the absolute 

number of conversions appears to be growing steadily. Large retail 

chain organizations have begun to study the ramifications of the compres¬ 

sed workweek, primarily in terms of defensive competitive strategies. 

An exploratory study was undertaken in order to determine the atti¬ 

tudes of personnel managers from selected retailing institutions toward 

the possible application of the compressed workweek to their operations. 

A sample of 200 retailing firms was selected from Fortune 's 500 and 

Standard and Poors. A nonstructured mail questionnaire was utilized. 

The investigation revealed that 19 percent of the respondents were 

currently using some form of a compressed workweek for their employees 

while 62 percent had not considered any type of shortened schedule. The 

remaining 19 percent of the firms were either actively planning for a 

workweek change or were seriously contemplating the possibilities for 

change. The preliminary results tend to support other research findings 

to the extent that there seems to be a gradual but reluctant acceptance 

of the shortened workweek by retailing management, but greater prolifer¬ 

ation seems to be an inevitable trend in the future. 

ECONOMIC IMPACT OF WATER POLLUTION ABATEMENT ON 

ALABAMA PAPER INDUSTRY 

William H. Holley, Jr. and Naval Modani 

Management Department 

Auburn University, Auburn, Alabama 

This paper endeavors to review industry costs, capital and operating, 

for water pollution abatement in the pulp and paper industry in Alabama 

and assess their impact on wholesale prices of pulp, paper, and allied 

products and secondly, to review the actions of consumers of these pro¬ 

ducts would take in the event of price increase due to additional costs 

incurred for water pollution abatement. 

Data were derived from two sources: (1) cost, capacity, and pro¬ 

duction data were obtained from companies through personal interview and 

(2) consumer reaction to price increases due to water pollution abatement 

was obtained through questionnaire. 
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The conclusions were: (1) no product price increase above 2 percent 

will be required due to water pollution abatement, (2) manufacturers plan 

to ultimately pass on the increased cost of water pollution abatement to 

the dealers and converters when market conditions permit, (3) a majority 

of purchasers will not change domestic suppliers until the price increase 

is over 3 percent, (4) a majority will not change to foreign suppliers 

until the price increase is above 6 percent, (5) overall no appreciable 

shift to other suppliers will result except in cases where the price in¬ 

creases are above average and competitors offer other benefits and advan¬ 

tages, and (6) a majority of d 'lers and converters plan to pass on any 

price increases from manufacturers to their customers. 

INCOME IN ALABAMA 

Veronica Vitelli 

Department of Economics 

Jacksonville State University, Jacksonville, Alabama 

The purpose of this study was to examine income and poverty in 

Alabama. 

Income in Alabama was investigated for 1960 and 1970 using Census 

datq. Although income increased during these census years, median income 

for Blacks was still approximately one-half that of Whites. Data were 

analyzed for families and unrelated individuals in urban, rural nonfarm, 

and rural farm areas. 

The Gini coefficient is an idex of income concentration and ranges 

from 0.0 to 1.0. As the index approaches 1.0, the greater is the in¬ 

equality of income. Using the Gini coefficient it was found that the in¬ 

equality of income among Black families was greater than for White fami¬ 

lies in all three study areas. However, the reverse was true for unre¬ 

lated individuals. The study examines other income distribution phenom¬ 

ena. 

The reduction or elimination of poverty has been a national goal 

during the 1960's. Nevertheless, in 1970, ten percent of all White urban 

families and forty percent of all Black urban families were still con¬ 

sidered to be in poverty. Rural poverty, as well as poverty among unre¬ 

lated individuals, was found to be substantially higher. Mean income and 

mean income deficit of those in poverty were also examined. 

PERSONAL BANKRUPTCY IN ALABAMA: A CONTINUING PROBLEM 

Edgar W. Wood 

University of Mississippi 

and 

William D. Geer 

Samford University, Birmingham, Alabama 

During the fiscal year, 1972, householders in Alabama made almost 

three times the national average use of federal bankruptcy proceedings. 

Alabama has led the nation for many years in the proportion of its citi¬ 

zens who make use of debt compositions and extensions under Chapter XIII 
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of the Bankruptcy Act. This paper traces recent developments in the fre¬ 

quency of bankruptcy filings and shows Alabama's position relative to its 

neighbors in the southeast and the nation. 

Many attorneys and court officials who work with bankrupts and 

researchers have found a close relationship between bankruptcy and wage 

garnishment and have concluded that wage garnishment serves as a trigger¬ 

ing cause of bankruptcy. The paper traces the typical path of the col¬ 

lection process and verifies the logic of the conclusion that bankruptcies 

may frequently be triggered by wage garnishments. The writers contend, 

however, that there is a more fundamental relationship between wage gar¬ 

nishment and bankruptcy. Wage garnishment is such a powerful collection 

device that creditors often extend credit to customers who would not be 

accommodated if the process were not available. The result is that debt¬ 

ors are often extended more credit than they can reasonably be expected 

to discharge and they frequently seek relief through bankruptcy. The 

writers recommend that limits be placed upon the use of wage garnishment 

to curtail abuses by the few creditors who cause much of the financial 

difficulty which leads to bankruptcy. 

SCIENCE EDUCATION 

A DEMONSTRATION WIDE GAP SPARK CHAMBER SYSTEM 

B. J. Bateman and Gene Omasta 

Troy State University, Troy, Alabama 

and 

Nelson Duller, Gene Cantrell, P. J. Green, A1 Jelinick, 

and Dave Durda 

Texas A & M University, College Station 

Cloud chambers, bubble chambers, and slides or films of these in¬ 

struments have been used as aids in teaching nuclear and elementary par¬ 

ticle physics to both sicence and non-science students. All are defici¬ 

ent either because of lack of clarity, expense, or because of difficulty 

in using them. This paper describes an instrument, a wide gap spark 

chamber, that has none of the disadvantages of the above aids. 

A demonstration wide gap spark chamber system can be easily made 

from inexpensive parts with a minimum of expensive tools. The chamber 

can be used to clearly show the paths of cosmic ray muons and muon-elec- 

tron interaction to large classes of students. 

AEROSPACE EDUCATION IN THE HIGH SCHOOL SCIENCE CURRICULUM 

John T. Carter 

School of Education 

Samford University, Birmingham, Alabama 

The teaching of aviation principles in high school began in 1908, 

five years after the Wright brothers' first flight, and continued to 

spread very slowly in school systems throughout America during the next 
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three decades. By 1939-40, it is estimated that 130 out of the nation's 

28,000 high schools had a separate course in aviation. 

With the advent of World War II, aviation instruction rose at a 

phenominal rate, so that by 1945 almost 14,000 high schools had insti¬ 

tuted pre-flight aviation courses. The numbers declined just as sharply 

after the war, and by 1966 the course was offered by fewer than 100 

schools. Recently there has been an upswing, with 993 schools reporting 

courses in aerospace science in 1972-73. 

Some agencies that furnish assistance to teachers by providing 

material, resource personnel, airlift, and curriculum guidance are: the 

National Aeronautics and Space Administration, the Federal Aviation Ad¬ 

ministration, the Civil Air Patrol, and the National Aerospace Education 

Association. 

In Alabama, the course has been endorsed by the State Superintendent 

of Education as an elective in science at the senior high school level. 

In order to prepare teachers for the course, the Civil Air Patrol has 

helped to set up a summer workshop, with scholarships for teachers who 

will be teaching the course during the next year. 

In the 1972-73 school session, 24 secondary schools in Alabama re¬ 

ported teaching an aerospace science course. 

HUFFMAN HIGH SCHOOL OUTDOOR LABORATORY 

Eugenia Gorina 

Department of Science 

Huffman High School, Birmingham, Alabama 

Since city students frequently lack wildlife experiences, a school 

outdoor laboratory is one way they may have some direct contacts with 

nature. An "on campus" site is much preferred since field trips have be¬ 

come so hazardous with modern day problems. 

The Huffman High Outdoor Laboratory is a continuing experience that 

provides resources for classroom activities. It provides a variety of 

materials and approaches —- such as microscopic pond life, small animals, 

wild flowers, trees and botanical specimens. 

Our laboratory has developed among the faculty and students an in¬ 

terest in, and an appreciation of, the environment. They have more en¬ 

thusiasm for maintaining the grounds and a deeper respect for the efforts 

of themselves and others. These lab experiences give students opportun¬ 

ities to consider, define, and work out solutions to practical problems. 

A spirit of cooperation and team work, skills in observation, and sharing 

of ideas have been developed during this project. It has provided an op¬ 

portunity to teach as incidental information the proper use and mainten¬ 

ance of tools, good safety habits, first aid, good health practices, the 

interdependence of plants and animals, and nature appreciation. This 

project has had tangible and immediate results which will have long-range 

effects. It has stressed good conservation practices relating to animals, 

plants, soil, and water. This is an open ended creative program which 

can continue from year to year. 
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DEVELOPMENTAL TESTING IN SECONDARY SCHOOL SCIENCE CLASSES 

AND ITS RELATIONSHIP TO CURRICULUM DEVELOPMENT 

Judith C. Damewood 

Secondary Education 

Auburn University, Auburn, Alabama 

and 

Robert T. Carruth 

Auburn University, Auburn, Alabama 

and 

Springwood School, Lanett, Alabama 

Piaget developmental tests were administered to selected tenth grade 

students in two schools in east Alabama. Results of these tests indicate 

that such students are predominantly in the concrete operational stage. 

Recommendations are made concerning modification of high school biology 

curricula to accomodate students at this level. 

Piaget testing procedures in common use were found to be predjudiced 

due to knowledge acquired in earlier science courses. In addition, stu¬ 

dents displayed apprehension and relectance to perform experimental tasks 

utilizing physical science oriented apparatus. A "game11 is presented 

which obviates these difficulties. 

ME NOW: LIFE SCIENCE FOR EMR CHILDREN 

Hollis C. Fenn 

Department of Science 

Florence State University, Florence, Alabama 

A two-week workshop on the Me Now Life Sciences program was held 

during August of 1972 with seventeen students in attendance. 

Mr. Harold Rupert, consultant from BSCS introduced the program and 

discussed it for two days with the students. Films, filmstrips, chalk¬ 

board projection slides and film loops were demonstrated to show the 

multi-media approach of the program. 

The following eight days were spent actually performing selected 

activities which would be done by the children. Some of these included: 

dissection of a chicken wing to study the elbow and arm muscles, con¬ 

struction of a paper-ruler model of the elbow, digestion of starch, de¬ 

tection of CO2 and O2, detecting pulse and heartbeat, and a study of the 

relationship of repetition of an activity to learning to perform it 

faster. 

A brief overview of the Me and My Environment which is a program 

designed to follow Me Now was presented. This program is still being 

tested at this time. 
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A STUDY OF EIGHTH GRADE SCIENCE STUDENTS IN AN INTEGRATED 

SCHOOL: INTERESTS, ATTITUDES, AND BELIEFS 

Doris Hunter Metcalf 

Forest Hills School, Florence, Alabama 

Even though many educators do not realize it or fail to utilize it, 

a student's attitudes, beliefs, and interests influence his ability to 

learn. Knowledge concerning these non-cognitive characteristics is im¬ 

portant, as it can help the educator understand pupils tetter and provide 

for effective communication and optimal learning. 

These characteristics are difficult to measure since instruments 

used to measure them are susceptible to faking, require frank response, 

and may reveal only what the examinee wishes to reveal. However, one 

may obtain results with some degree of validity and accuracy through the 

use of special instruments. 

The instruments used in this study are the BATSS (Beliefs About and 

Attitude Toward Science and Scientists Scale) and a Science Interest In¬ 

ventory . 

It was the purpose of this study to test the hypotheses that there 

is a relationship between a student's background and his interests, at¬ 

titudes and beliefs, and that students of different socio-economic status 

show different patterns of interests, attitudes and beliefs. 

Data gathered in this study support the hypotheses above. 

THE DEVELOPMENT OF AN ADVANCED COURSE IN AEROSPACE SCIENCE 

(ENGLISH LANGUAGE VERSION) FOR SPANISH-SPEAKING HIGH 

SCHOOL STUDENTS IN PUERTO RICO 

Dutchie S. Riggsby and Ernest D. Riggsby 

Columbus College, Columbus, Georgia 

The Civil Air Patrol and the Department of Education of the Common¬ 

wealth of Puerto Rico cooperate to provide aerospace education as an in¬ 

tegral part of the high school curriculum. Prior to 1972, the aerospace 

courses were offered on a non-laboratory, elective basis. During the 

summer of 1972, the authors were commissioned to develop an advanced 

aerospace science course, with laboratory, which was to be offered on 

what the Commonwealth Department of Education terms a "selective" basis. 

From an offering of several science courses, the individual student se¬ 

lects a required number of hours. These courses, in turn, fulfill the 

science requirement for graduation. 

An institute for the science teachers who were selected to teach 

the new course during the 1972-73 school year was organized and jointly 

financed by the CAP and the Department of Education of Puerto Rico. The 

authors jointly served as teachers of the institute and authors of the 

course materials. Working as a team, the members of the institute gleaned 

appropriate subject matter and laboratory activities from sources in 

space physics, exobiology, tropical-high-altitude meteorology, and other 

selected areas. At the end of the six-week term of graduate school at 

the University of Puerto Rico, the institute participants had earned six 

quarter hours of graduate credit and were preparing master units for the 
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printing of a two-part syllabus for the course. During the latter weeks 

of the summer, the authors returned stateside to complete the writing 

task for the laboratory manual. 

The pilot program for the course in the public high schools of 

Puerto Rico will involve thirteen schools. It is anticipated that the 

course will eventually be offered island-wide. Additional institutes 

will be required to provide necessary training for the teachers who are 

assigned the duty of teaching the new course. 

The unique requirement for the aerospace science course was that it 

be written and taught in the English language. While many of the teach¬ 

ers resort to their native Spanish to clarify particulary difficult con¬ 

cepts, English must be used to the greatest possible extent in both 

teaching and testing. 

ORGANIC CHEMISTRY FOR SIXTH GRADE: A QUASISTOCHASTIC EXPERIMENT 

Ernest D. Riggsby 

Columbus College, Columbus, Georgia 

and 

Carole Rutland 

Muscogee County Schools, Georgia 

Not entirely pleased with the typical units in chemistry which were 

readily available in the state-adopted sixth grade textbooks, the authors 

designed an alternate unit based upon selected concepts from organic 

chemistry. The experiment under description utilized this substitute 

unit—a brief examination of certain aliphatic and aromatic compounds 

with petrochemistry viewed as an applied-science outgrowth of the theoret¬ 

ical discipline. 

The stochasitic approach was utilized as an experimental frame-of- 

reference because of the wide range of individual differences found in 

the try-out sixth grade class and the desire, on the part of the experi¬ 

menters, to utilize the greatest feasible variety of approaches and ex¬ 

periences. This method helps to stimulate interest by supplanting cer¬ 

tain protracted endeavors with briefer segments of study. 

Demonstrations, media-oriented lessons, and laboratory activities 

(within strict safety limitations) coupled with individualized study and 

project activity constituted the main thrust of the unit. 

Teacher-made tests, student-attitude inventories, and a check against 

the normally expected competencies found in the school-utilized textbooks 

were the instruments used to measure the effectiveness of the substitute 

unit. No control group comparison was utilized. The purpose of the try¬ 

out was to validate content and to identify student investigations and 

experiments for such study. 

Results from the initial efforts with the organic chemistry unit in¬ 

dicate that sixth graders are interested, capable, and achieve the essen¬ 

tial skills and competencies expected in the conventional unit. Labora¬ 

tory safety requires somewhat closer supervision and slightly different 

teacher interest and competency. If these constraints are met, the or¬ 

ganic chemistry approach appears to be an appropriate substitute for the 

orthodox unit. 
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NEEDED: QUALITY INSTRUCTION IN CHEMISTRY 

Earle C. Smith and John E. Anderson 

Columbus College, Columbus, Georgia 

The growing need for change in emphasis and approach to teaching 

chemistry has been reflected in themes of recent conferences and symposia; 

this need is expressed at every level by teachers, students, and authors 

of texts. Reading of committee reports and personal communications with 

chemists indicate help is needed in establishing criteria for desirable 

curricular change. To avoid errors often found in the rush to overthrow 

"traditional" with "innovative" approach, a critical incident technique 

was used. This entailed sampling experiences of chemists, students, and 

former students. These sample populations, using the critical incident 

technique, help identify factors that may be used to attract able, crea¬ 

tive students and to motivate them once attracted. The presentation in¬ 

cludes a discussion of how to use knowledge of these factors in planning: 

1) curriculum development, 2) physical plant and equipment, 3) faculty 

and student recruitment, 4) development of instructional philisophy, and 

5) improvement of teaching methods. Identification of these factors 

should open several avenues of service for teachers and administrators in 

improving the quality of chemistry instruction. The discussion includes 

statements of activities and interests of several area institutions in 

these areas of service. 

Important positive factors influencing students to continue studying 

chemistry appear to be access to a knowledgeable teacher, and opportunity 

for good laboratory facilities. Introduction to chemistry earlier in 

their academic training encouraged later studies at higher levels. Teach¬ 

ers at all levels rate scientific literature reading important, followed 

by attendance at professional meetings of their peers. College teachers 

report good administrative support for professional activities; secondary 

school chemistry teachers report little administrative support in these 

important activities. 

TEACHING PHYSICAL SCIENCE - THE MATH PROBLEM 

Earle C. Smith 

Columbus College, Columbus, Georgia 

and 

A1 F. Osteen 

Auburn University, Auburn, Alabama 

A survey designed to correlate ability in mathematics with expressed 

difficulty of learning concepts of physics and chemistry was administered 

to two freshmen classes at Columbus College and four high school classes 

in Muscogeen County, Georgia. Ability in mathematics was measured by a 

brief test representing problem types commonly encountered in the physi¬ 

cal sciences; the list of forty concepts of physical science was composed 

by random selection from a much larger list of terms which the authors 

thought were representative of one year chemistry and/or physics exposure. 

For all forty concepts, the poorer math achievers expressed, on the 

average, more difficulty in learning than did the better achievers in 
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mathematics. While it is recognized that such a difference can only im¬ 

pede learning, it is felt that the best course of action for the teacher 

is to focus on the concepts that may be more difficult for poor mathema¬ 

tics achievers, rather than teaching primarily to one category of achiev¬ 

ers . 

Follow-up studies are indicated to determine cause-effect relation¬ 

ships, so that a meaningful list of concepts requiring special focus may 

be compiled. 

SOCIAL SCIENCES 

THE FUNCTIONALITY OF INSTITUTIONAL DEVIANCE 

Murray C. Adams Jr. 

Department of Sociology 

Auburn University, Auburn, Alabama 

Any violation of a rule, norm, or procedure in an institutional 

setting is defined as deviant behavior. There are individuals in these 

settings who are habitually deviant. Such persons are labeled as insti¬ 

tutional outlaws. The rules these persons break may be procedures which, 

while in the short-run serve some purpose or goal, may also prevent the 

realization of some organizationally more significant goal. 

Several explanations for this are available in the present socio¬ 

logical literature. The socialization procedures which an organization 

uses may be less effective in fitting persons to the standards because 

the organization fails to meet some of the needs the individual has. Or¬ 

ganizational positions contain some impossible sets of expectations which 

involve contradictions that increase the likelihood of deviant behavior. 

Organizations offer a variety of goals that are not mutually exclusive 

or always complimentary. Some conflict between different segments of the 

organization seems inevitable. Such conflict is functional, since it of¬ 

fers the organization a mechanism and an impetus for change. 

REPRESENTATION AT THE COMMUNITY LEVEL: AN EMPIRICAL ANALYSIS 

Glen Browder 

Department of Political Science 

Jacksonville State University, Jacksonville, Alabama 

This study is concerned generally with political representation at 

the community level; the specific concern is the "linkage" between pub¬ 

lic opinion and public policy. 

By use of a survey of 260 registered voters and five city councilmen 

in Anniston, Alabama, the research shows that: (1) on the whole citizens 

do not make much effort to communicate their preferences to their council- 

men; the minority who do attempt linkage generally employ the method of 

direct personal contact; (2) all the councilmen, on the other hand, ap¬ 

pear to make some effort—usually through direct personal contact—to 

discover what their citizens want; (3) there seems to be a considerable 
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amount of linkage in this community; on four of the five most important 

and publicized issues of the past few years, the council's decisions are 

congruent with plurality citizen preference; (4) but this linkage does 

not appear to be due to any loud and clear public voice raised by the re 

presented and heard by their representatives; the councilmen generally 

do not know what the citizens want; (5) instead, the linkage between 

citizen preferences and council decisions seems to occur because the 

councilmen vote their own consciences; the councilmen's own preferences- 

not their perception of citizen preferences—provide the most plausible 

explanation for whatever linkage has occurred. 

In short, this empirical analysis indicates that the representation 

al process at the community level is an informal and haphazard process 

rather than a precise fitting of citizen demands and governmental re¬ 

sponse. 

THE FORMATIVE PERIOD OF ALABAMA'S AGRICULTURAL EXPERIMENT 

STATION AT AUBURN, 1873-1898 

Donald A. Cope 

Department of History 

Columbus College, Columbus, Georgia 

In 1887 the United States Congress approved the Hatch Act, a 

measure designed to promote scientific investigation in agricultural 

sciences. In each land grant college there was to be established an 

agricultural experiment station funded by federal appropriations. 

Alabama's agricultural experimentation at Auburn preceded the Hatch 

Act by fourteen years. 

With the establishment of Alabama Agricultural and Mechanical 

College in 1872, the first agricultural experimentation was begun 

but was severely limited by inadequate funding. In 1883 the Alabama 

legislature enacted a fertilizer tag tax and designated a portion of 

the revenue for an agricultural experiment station at Auburn. In 1888 

the first federal assistance under the Hatch Act was received. 

By 1898 the program had proven its worth and was a strong, viable 

organization. Despite temporary setbacks, operation and organization 

along intended scientific lines had been maintained. Almost annually 

the basic program had been expanded. The staff had been improved, 

organizational matters resolved, well-equipped laboratories and an 

excellent farm developed, a library gathered, publications issued, and 

thousands of experiments conducted. Extension work, public health and 

sanitation services, consumer and farmer protection, encouragement of 

neglected fields of agriculture, veterinary science, nutritional 

studies, diversification, reconstruction, and conservation constituted 

major areas of emphasis. Cooperative experimentation had furnished 

useful information and created a loyal corps of "Auburn" farmers across 

the state. The success of the station had drawn many students into 

the agricultural department. A solid groundwork had been established, 

the period of apprenticeship was over, and following decades would 

witness continued growth and expansion. 
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IN HITLER'S SHADOW: THE GERMAN FOLKISH PROTECTIVE LEAGUE 

IN THE EARLY WEIMAR REPUBLIC, 1919-1923 

Allen T. Cronenberg, Jr. 

Department of History 

Auburn University, Auburn, Alabama 

The Deutschvolkischer Schutz-und Trutzbund, or German Folkish Pro¬ 

tective League, a radical antisemitic, antirepublican organization, 

flourished in Germany from 1919 until 1922. It became Germany's largest 

antisemitic organization with nearly 200,000 members. 

Founded in February 1919 as an offshoot of the Pan German League, 

the DVSTB launched a massive antisemitic propaganda campaign. While it 

was most active in northern Germany, southern Germany, especially Bavaria, 

proved a fertile ground for recruitment, which led in late 1921 to 

strained relations with Hitler's National Socialist movement. 

The spreading of animosity against Jews and republican officials, 

and the participation of individual members of the DVSTB in the assassi¬ 

nations of Center Party leader Mathias Erzberger and Foreign Minister 

Walther Rathenau led to the banning of the organization in the summer of 

1922. 

FEDERAL USE OF SLAVE LABOR IN COASTAL DEFENSES 

Virgil S. Davis 

Social Science Division 

Mobile College, Mobile, Alabama 

The United States Corps of Engineers constructed a system of coastal 

defenses following the War of 1812. This system included eight forts 

along coastal Mississippi, Alabama, and northwest Florida. All of these 

were constructed with the use of slave labor. 

The contracts were negotiated for the first two. Fort Gaines and 

Fort Morgan, in 1818 and construction began in 1819. The contractors 

resorted to slave labor almost immediately. Construction continued, with 

interruptions, until the forts were taken over by the Confederates in 

1861. Labor forces were slaves purchased by private contractors and 

hired slaves employed and directed by corps officials. 

This report is concerned primarily with the way the slaves were 

secured and the general conditions under which they labored. Slaves were 

employed by the Federal Government before the institution of slavery came 

under serious attack as a moral issue, and were utilized until the eve of 

the Civil War. The debates on the issue appear to have had no real in¬ 

fluence upon the government's policy regarding the use of such a labor 

force. 
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QUESTIONS FOR COMPARATIVE ANALYSIS ILLUSTRATED BY TYPOLOGIES 

OF LATIN AMERICAN POLITICAL PARTIES 

Thomas I. Dickson, Jr. 

Department of Political Science 

Auburn University, Auburn, Alabama 

A critique of several typologies of Latin American political parties 

devised by Leading Latin Americanists is employed to illustrate issues 

concerning the way in which Latin America has been studied, and still is 

being studied, by political scientists that are significant in the broad¬ 

er context of comparative politics, of which the study of Latin America 

is a segment. 

The typologies are assayed both in terms of the degree to which they 

follow or violate the more rigorous rules for typological construction 

and the extent to which they could be employed in inter-areal comparative 

analysis. It is noted that while there may be reasons, including pedo- 

gogical reasons, for not adhering to stricter rules of typological con¬ 

struction, some typologies both violate such rules and are so Latin Ameri¬ 

can in content that they could have no application in cross-areal com¬ 

parison. Thus they illustrate and contribute to the continued "backward¬ 

ness" and isolationist tendencies in political scientists' study of Latin 

America. Others, while sounder in construction and better lending them¬ 

selves to broader comparative analysis, lack a Latin American flavor. 

The problem illustrated by the typologies is one that affects both teach¬ 

ers and researchers but, given the poor reputation for analytical sophis¬ 

tication of Latin American oriented political scientists, Latin American¬ 

ists will have to move toward more scientific practices and hope that 

flavor will evolve from the cross-areal comparisons that would be facili¬ 

tated thereby. Otherwise they will drift farther into the backwaters of 

a profession that is increasingly "scientifically" minded. 

A STRUCTURED APPROACH TO TEACHING HISTORY 

Jacqulyn M. Diener 

Auburn, Alabama 

Anthropology, economics, geography, history, political science, psy¬ 

chology, and sociology were identified as subject areas within the social 

science discipline. History appeared to be basic to the other subject 

areas in the social sciences. Democracy, changeculture, choice, and 

interpretation were identified as the major concepts to be learned in 

history. The concept, interpretation, was chosen for further investiga¬ 

tion because it appeared basic to the study of history and to life itself 

Six understandings were proposed for developing the concept, interpreta¬ 

tion, with learners: (1) an individual should recognize his cultural ori¬ 

entation, (2) historical facts change with time and interpretation, (3) 

primary and secondary sources help interpret history, (4) inquiry is es¬ 

sential in studying history and in life, (5) history is fragmentary, and 

(6) individual bias should be recognized when seeking solutions. Inquiry 

was selected as the understanding most basic to learning the concept in¬ 

terpretation because the definition of interpretation connotes after 
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inquiry. The objectives and related sub-objectives of the affective and 

cognitive domains from the Taxonomy of Educational Objectives were taken 

as goals in teaching the understanding, inquiry. One learning exercise 

designed to teach the understanding, inquiry, to history students, was 

stated for each progressively more difficult objective under each of the 

two domains as follows. AFFECTIVE: receiving, responding, valuing, or¬ 

ganization, and characterization by value or value complex; COGNITIVE: 

knowledge, comprehension, application, analysis, synthesis, and evalua¬ 

tion. 

A structured approach to teaching history should be used in plan¬ 

ning content for the public school curriculum, disciplines within the 

curriculum, and individual classes. The pyramidal plan of learning in¬ 

terrelated concepts and understandings is synonymous with the nature of 

the learner because information is learned and memory is enhanced, thus 

equipping the learner with transference of knowledge for solving problems 

in a changing society. 

SOME INTERPRETATIONS OF ST. AUGUSTINE'S POLITICAL THOUGHT 

Richard Glenn Eaves 

Department of History 

Auburn University, Auburn, Alabama 

Augustine weighed everything according to its spiritual value. Of 

the two cities, the one which has the enduring quality is the city of God. 

Without God, justice is impossible, whether in an individual or in a 

state. Augustine implies that a state may exist without justice, but it 

would have an extremely poor existence and would not be a true common¬ 

wealth. 

This life is generally characterized by wars, turmoil, and strife. 

Those who seek lasting earthly peace will not obtain it; only those who 

seek eternal peace with God will find it, because peace endures only in 

the city of God. 

Slavery is a God-ordained punishment and partial remedy for sin be¬ 

cause of man's fall into sin. Secular power is a conventional institu¬ 

tion, as is slavery and private property, made necessary because of the 

defects in man's nature which resulted from his fall into sin. Man has 

thus been put over man in the form of secular power in order to force him 

to accept a certain amount of order and justice. 

There is a natural law of which God is the author, and man can know 

this natural law by his reason. A secular law which is not in agreement 

with God's natural law is not valid. Written law became necessary because 

man's fall into sin obscured the natural law. Therefore, the natural law 

needs written law to manifest itself properly. 

223 



Abstracts 

CONTEMPORARY TRENDS IN DIPLOMATIC HISTORY: A VIEW 

TOWARDS A REVISED METHOD 

Hines H. Hall 

Department of History 

Auburn University, Auburn, Alabama 

This paper reviews some general criticisms of diplomatic history as 

a discipline, the relevance to twentieth-century international relations 

of its conceptual approach, and the effectiveness of its methodology. 

Some historic distinctions between "old" and "new" diplomacy are summar¬ 

ized in terms of the problems they raise for the historian and the dif¬ 

ferences in conceptual approach, methods and the nature of sources from 

the diplomatic historian of the period 1914-1945. 

An example of existing controversy within the discipline is pointed 

out with a brief description of the contrasting approaches advocated by 

Renouvin and Toscano. 

The paper takes the view that the principal task of the diplomatic 

historian is the analysis and description of the interacting processes of 

policy-making and diplomatic communication in the respective nation-state 

participants in the international system. To comprehend in the fullest 

sense the multiplicity of institutional factors, pressures, influences 

and ideas which determine foreign policy-formation and the process of 

diplomacy, the historian should attempt whenever feasible to utilize the 

descriptive findings and conceptual tools of related social sciences— 

especially political science. 

Finally it is suggested that diplomatic historians should utilize 

a tri-partite definition of national interest expressed as (1) security, 

(2) prosperity and (3) self-esteem as a basic and common level of analysis 

of twentieth-century nation-states. The policy-making system may then be 

described in terms of (1) the perception of desiderata of national inter¬ 

est, and (2) the formulation of policy and diplomatic interaction with 

other nation-states. 

POPULATION POLICY AND THE AMERICAN FUTURE 

Chester W. Hartwig 

Department of Sociology 

Auburn University, Auburn, Alabama 

A social process is underway in out national life to develop and im¬ 

pose a population policy. Such a policy will have great importance for 

the shaping of the American future. There is need, then, to attempt to 

understand the situation in which was generated the desire for such a 

policy and the knowledge available on population matters. It is the view 

of the author that one of the current difficulties in the devising and 

implementing of social policy is the inadequate understanding of the 

nature of human value. 

In the population area we can see the determinative effect of know¬ 

ledge developments on the values to which men subscribe. Too, we can 

assert that the current interest in and attempted formation and imposi¬ 

tion of a population policy is a direct effect of knowledge available on 
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population developments and their associated effects on human living up 

to the present. It is also apparent that anticipations of most-likely 

population developments in the future and with their foreseen effects oc¬ 

casions the present interest in altering that anticipated future in pre¬ 

ferred directions. Science and the knowledge it produces is inextricably 

involved in the population policy area because of the significance know¬ 

ledge has for human values. 

THE STATUS OF THE BLACKS IN SPANISH ALABAMA: LEGAL THEORY 

AND PRACTICE IN THE MOBILE DISTRICT 

Jack D. L. Holmes 

Department of History 

University of Alabama, Birmingham 

When the Spaniards captured Mobile in 1780 they organized a govern¬ 

ment for Mobile and its jurisdiction from the Pearl to Perdido Rivers. 

This brought Alabama under the ancient Spanish codes regarding the fair 

treatment of Negro slaves. The French Code Noir of 1724 was adopted, but 

threats of slave revolts forced its modification before the end of 

Spanish rule in 1813. In 1785 the Mobile district had a population of 

446 whites, 61 free Negroes or mulattoes, and 572 Negro slaves. By 1805 

there were 673 whites, 250 free Negroes or mulattoes, and 543 Negro 

slaves. Miscegenation was not regarded with horror, and Dr. John Chas- 

tang's numerous mixed children rose to economic prominence. Free persons 

of color were not subjected to the type of prejudice and racial discrimi¬ 

nation common under American rule. In theory and practice, their juri¬ 

dical rights were protected. Blacks, even slaves, could testify in 

cases regarding whites. Restrictions on slaves were intended to keep 

them under control and included not selling them liquor or permitting 

them to bear firearms. Punishment of Negroes convicted of murder or 

sedition was swift and cruel by modern standards. Blacks and mulattoes 

served in the militia with distinction. Open-housing during the Spanish 

period prevented the development of segregated ghettoes. 

AUGUST BEBEL'S STRUGGLE AGAINST PRUSSIAN MILITARISM 

IN THE FRANCO-PRUSSIAN WAR 

William H. Maehl 

Department of History 

Auburn University, Auburn, Alabama 

By 1870 August Bebel, leader of the German Social Democratic 

Workers Party (SDAP), had embraced the doctrine of the class struggle 

but was unenthusiastic about forcibly overthrowing the "autocratic- 

militaristic" Prussian state. Throughout the Franco-Prussian War he 

kept his attacks upon the "unholy alliance" of Junkers, army officers 

and bourgeoisie within the bounds of legality. Nevertheless, the war 

nearly ruined his plans to build a mass party that might democratize 

Ge rmany. 

He blundered in refusing to recognize that the war was for 
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Germany one of self-defense and possessed, as Marx and Engels averred, a 

national-progressive character. In the Reichstage Bebel steadily re¬ 

jected governmental requests for military credits. He was only rescued 

from the consequences of a policy that nearly split the SDAP by Bismarck's 

decision to annex Alsace-Lorraine. 

By opposing annexations, Bebel persuaded many Germans that the war 

had become one of conquest and that their sacrifices had been in vain. 

His courageous espousal of the Paris Commune did not, however, derail him 

from the track of gradualism. Indeed, Prussian victories and the even¬ 

tual collapse of the Commune barred the revolutionary road to power, 

while on the other hand the infusion of South German democrats into the 

new Reich improved prospects for its ultimate liberalization. For Bebel 

the clear lesson of the war was that the struggle against the class sta 

state must be transferred from the "street" to parliament. 

A STUDY OF THE SLAVE SYSTEM IN SOUTH CAROLINA FROM THE FOUNDING OF 

THE COLONY TO THE END OF THE WAR OF 1812 BY AN EXAMINATION OF 

TITLE 157—"SLAVES," OF JOESEPH BREVARD, AN ALPHABETICAL 
DIGEST OF TEE PUBLIC STATUTE LAW OF SOUTH CAROLINA, 1814 

Henry S. Marks 

Educational Consultant, Huntsville, Alabama 

and 

Department of History 

Northeast Alabama State Junior College, Rainsville 

The study of the development of the slave code of South Carolina by 

1800 shows that the code was already basically developed long before the 

rise of the abolitionist movement. The beginnings of the code can be 

traced back to 1697 and by 1740 separate treatment for the Negro slave 

was a particular emphasis in the legal system of the colony. The slave 

code also did not allow the slave to physically protect himself or to 

legal recourse to ameliorate his conditions of servitude. In addition, 

by 1800 the slaves were to be kept in perpetual ignorance, for an Act of 

Assembly of that year made it unlawfull for whites or blacks, free or in 

bondage, to teach slaves to read or write and the hope of the slave that 

he would ever be freed was practically an impossibility, for any slave 

being freed had to have judicial sanction and even this did not protect 

his freedom, and other whites could reinstitute his slavery. 

Slavery was also perpetuated in another way, for an Act of Assembly 

in 1800 maintained slavery the way it then existed in the state. Slave 

owners moving into South Carolina had to abide by the existing slave 

codes by affirmation or oath. They could not even sell their slaves for 

a period of two years after moving into the state. 
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MIGUEL LERDO DE TEJADA: MEXICO'S DUBIOUS HERO 

Donathon C. Olliff 

History Department 

Auburn University, Auburn, Alabama 

Among the leaders of Mexico's mid-19th century Refovma only Miguel 

Lerdo de Tejada's position in popular history remains in doubt. Lerdo 

gets minimal recognition for having authored the famous reform law at¬ 

tacking the mortmain property of the Church. His other contributions 

are usually overlooked while on the debit side stress is given to sup¬ 

posedly treasonous activities. 

Almost alone of his contemporaries Lerdo was dedicated to far-reach¬ 

ing socio-economic reforms. He helped create a ministry of development, 

supported public education, promoted railroad construction, advocated 

free trade and liberal immigration policies, and insisted that govern¬ 

ment assume responsibility for promoting economic progress and an equi¬ 

table distribution of wealth. He also won fame as finance minister to 

the hard-pressed liberal governments. 

Despite these accomplishments Lerdo is often condemned as villain 

and traitor—villain for attempting to oust Juarez from the presidency 

and traitor for desiring to make Mexico a U. S. protectorate. Analysis 

of archival material suggests that because of his open admiration of the 

U. S. Lerdo has become a scapegoat. His maneuvers against Juarez were 

always within acceptable bounds, the most serious challenge came at the 

polls. Lerdo sought a protected status for Mexico as a means of secur¬ 

ing socio-economic reforms while Juarez and other untarnished heroes of 

the epoch' sought with equal ardor, but less publicity, the same status 

for the less laudable objective of retaining political power. 

A SURVEY OF UNDERGRADUATE SOCIOLOGY PROGRAMS IN COLLEGES 

AND UNIVERSITIES OF ALABAMA 

Prakash C. Sharma 

Department of Sociology 

Florence State University, Florence, Alabama 

The major objective of this study was to survey the undergraduate 

sociology curricula in four year colleges and universities of Alabama 

during the 1970-71 academic year. An attempt was made to review the 

course offerings, course prerequisites, academic education and training 

of the candidate required for a faculty teaching position, goals of the 

undergraduate sociology instruction, professional satisfaction among the 

faculty community and the problems involved in these programs. Of the 

34 colleges and universities in Alabama included in this survey, five 

responded that they do not yet offer a major in sociology and ten of 

them did not respond to the questionnaire. Therefore, the final analy¬ 

sis of the study is based upon a return of 18 questionnaires represent¬ 

ing over 50 percent of the total schools offering a major in sociology 

at the time of the study. In addition to the information obtained from 

questionnaire method, the data were also supplemented by information 

from college catalogs. 
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Some of the important findings of the study are: (1) The top pri¬ 

ority in course offerings is being held by the introductory course. 

Marriage and family and social problems are the second and third most 

popular courses respectively. Sociological theory and research methods 

courses reflect a growing sensitivity to training in the basic essenti¬ 

als of the discipline. Urban sociology has become more popular in the 

recent past than rural sociology; (2) insofar as the degree of profes¬ 

sional satisfaction among the respondents and their faculty is concerned, 

only a little more than one-third indicated any degree of dissatisfac¬ 

tion. It seems that the teaching faculty is not deeply frustrated about 

their undergraduate programs; (3) "lack of financial resources" was 

ranked as the number one problem area followed by "low faculty salary" 

and "heavy teaching load." These were of greater concern to the faculty 

community compared to other problem areas; (4) the rank-order correla¬ 

tion analysis indicates that there is a marked relationship between 

teachers' goal of undergraduate sociology instruction and the goals of 

the institution. 

LABOR ENDORSEMENTS AND THE VOTING BEHAVIOR OF UNION MEMBERS 

William L. Snowden and Glen Browder 

Department of Political Science 

Jacksonville State University, Jacksonville, Alabama 

The purpose of this study was to determine the effects of labor 

union endorsements upon the voting behavior of the rank and file union 

members in a Southern community. Specifically, the study attempts to 

ascertain the attitudes of the union members toward political activity 

by their union, the political awareness of the union membership toward 

activity by their union, and the degree of effect of union endorsements 

on member voting behavior. 

The results are based on personal interviews with 102 members of 

two unions (communication workers and machinists) in Anniston, Alabama. 

The principal findings can be summarized as follows: (1) a major¬ 

ity of union members interviewed approve of most of the political ac¬ 

tivities carried out by their union; disapproval of union political ac¬ 

tivity was most pronounced when it concerned the union's either advising 

or telling the members how to vote; (2) a majority of the members are 

aware of the political involvement of their union, such as having know¬ 

ledge that their union endorses candidates for political office; but 

knowledge of individual endorsements is slight, depending in part upon 

the importance of the office under consideration; and (3) union endorse¬ 

ments tend to be effective only when state Democratic candidates are 

supported; in this regard the union seems to be influential in mobil¬ 

izing the committed vote and in reinforcing state Democratic Party ap¬ 
peals . 
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THE SUPREME COURT, UNIONS, AND PICKETING AS FREE SPEECH 

George C. Whatley 

University of Alabama, Birmingham 

In 1925 the United States Supreme Court began the practice of con¬ 

sidering the first eight amendments of the Constitution as being within 

the meaning of the fourteenth amendment, thus placing individual rights 

within the orbit of federal as well as state jurisdiction. Twelve years 

later, following its New Deal "face lifting," the Court began to consid¬ 

er picketing as the laboring man's means of speech in labor disputed. 

The period from 1937 to 1957 saw the Court lay down a series of decisions 

which defined the limits of picketing as free speech. On the one hand, 

picketing was the laboring man's means of communication as a bona fi.de 
right and as such needed no state authorization. On the other hand, 

there were some instances where picketing transcended mere communication 

of ideas and thus became illegal, for example, when illegal coercion 

such as violence became fused with the picketing or when picketing was 

used in conflict with established policy of a state which protected the 

general welfare of the state's citizens. Notwithstanding the consider¬ 

able number of rules which had been laid down by 1957, the Court had 

wisely left ample leeway for the development of new rules to be based on 

an expanding and ever changing economic scene. 

SOCIAL NETWORKS AND MEDIA INFLUENCES 

James L. Winzerling 

Department of Sociology 

Spring Hill College, Mobile, Alabama 

In social psychological theory it has been widely asserted that 

both an individual's membership groups and reference groups affect the 

opinions, attitudes and beliefs held by the individual and are interven¬ 

ing variables in the effects of mass media transmission. 

Data were obtained from a sample of heads of households in metropol¬ 

itan St. Louis, who responded to a questionnaire devised to evaluate the 

variables of interest and to obtain information for comparison of influ- 

entials within the dimensions of specific social issues and social net¬ 

works. The results indicate that the effects of media influence are 

more independently pervasive than is described in social psychological 

literature. In spite of the respondents' networks of interaction or op¬ 

portunities for such, the weight of responses across the issues is for 

communication media. Implications are stated. 
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MEDICAL SCIENCES 

SILYLATION AS A PROTECTING METHOD DURING GRIGNARD REACTIONS 

S. A. Barker and R. L. Settine 

Department of Chemistry 

University of Alabama, Birmingham 

The use of silylation as a blocking technique during Grignard re¬ 

actions is discussed. This technique has been applied to polyhydroxy 

aromatic functions in order to protect the hydroxyl group during conver¬ 

sion to aromatic hydroxy ketones. It is a general method with wide ap¬ 

plicability. A novel synthesis of olivetol, a precursor of A-l-Tetra- 

hydrocannabinol is given as an example of this technique. 

MICHEL EUGENE CHEVREUL—EXPERIMENTAL CHEMIST: LIPIDS AND DYES 

Emmett B. Carmichael 

Medical Center 

University of Alabama, Birmingham 

Michel Eugene Chevreul, born at Angers, August 3, 1786. Pupil of 

Vauquelin, College de France. Professor of Chemistry, Lycee Charlemagne, 

1813. Appointed Director of National Tapestry Works (Gobelins) by 

Louis XVIII in 1824. In 1830 he succeeded Vauquelin as Professor of 

Applied Chemistry, Museum of Natural History, and was appointed Director 

in 1864 and served ten years. His experiments covered a wide range: 

saponification of fats, separation and description of fatty acids, 

named stearic and oleic acids, isolated glucose from diabetic urine, 

chemistry of Peruvian guano, isolated creatine from muscle, pioneer in 

organic analysis, defined chemical species and noted evidence of isomer¬ 

ism, theory of complimentary colors, optical effects of silk, and sani¬ 

tary chemistry. 

In 1823 his published work on fats resulted in the Society for the 

Encouragement of National Industry awarding him a prize of 12,000 

francs. With Gay-Lussac, he patented candle making with stearine which 

revolutionized candle making. 

Honors recognizing Chevreul's contributions were numerous: French 

Academy of Sciences, 1826; Foreign Associate Royal Society of London, 

1826; Commander Legion of Honor, 1849, and Grand Cross, 1875; Copley 

Medal of the Royal Society of London, 1857; Albert Medal, English Soci¬ 

ety of the Arts, 1873; Doctorate, Harvard, 1886; and Honorary Fellow 

A.A.A.S., 1886. 

Chevreul's statement in 1823 was his own guideline and might well 

be his epitaph: "Experiment is not chemistry, facts alone do not con¬ 

stitute that science, but we cannot have discoveries without exact ex¬ 

periment." He died in Par’s in his 103rd year on April 9, 1889. 
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THE IMPLICATIONS OF BODY BUILD, POSTURE, AND BODY-IMAGE 

FOR PHYSICAL AND MENTAL HEALTH 

Helen I. Douty 

Department of Consumer Affairs 

Auburn University, Auburn, Alabama 

"Graphic Somatometry," a standardized form of silhouette photography, 

to be used for recording information on body mass and selected body 

characteristics is presented as a new method for assessment and predic¬ 

tion of physical and mental health. Theories of build and posture and 

assumptions basic to the method can be explained through analysis of 

somatographs. Gravity as a major force affecting posture is related to 

postural patterns with implications for body function and health. 

Body Build and Posture Scales for quantification of analysis of 

body characteristics serve as standards for judges who rate subjects on 

relevant parameters. A Physical Inventory provides check lists which 

can be transposed for quantified body-image data and for self-attitudes. 

Findings of research projects give evidence of significant relation¬ 

ships between body traits, posture, and personal traits as measured by 

the Bell Adjustment Inventory. Figure Impressions and Figure Attitudes 

of college women appear to relate to adjustment more significantly than 

actual characteristics—with high scores on Figure Attitude showing 

better adjustment. 

Body Build scores have been shewed toward poor posture. Findings 

indicate that self feelings may affect physical and mental health. 

With these new methods and instruments physical and image variables 

can be related to health and psychological variables in order to increase 

understanding of behavior and the quality of physical and mental health. 

FUNCTIONAL COMPARISON OF MITOCHONDRIA FROM BRAIN, MYOCARDIUM, 

LIVER AND LOWER EXTREMITY SKELETAL MUSCLE OF RAT 

G. M. Emerson and W. J. Wingo 

Department of Biochemistry 

Medical Center 

University of Alabama, Birmingham 

This study is being undertaken to determine whether there are func¬ 

tional differences among mitochondria isolated from four organs of the 

laboratory rat (Emerson strain of Long-Evans). To detect differences 

among animals, if they exist, none of these studies is being carried out 

on pooled mitochondria. Therefore, the number of parameters which can 

be measured is limited by the amount of material available. Preliminari¬ 

ly, we find in 17 animals, divided into 2 groups on the basis of body 

weight, that organ weights are: 

Body Weight (g) N Heart Weight (g) Brain Weight (g) 

Range Mean Range Mean Range Mean 

100-250 185 9 0.5-1.3 0. 7 1.4-1.9 1.7 

251-401 285 8 0.7-1.5 1.1 1.7-2.1 1.9 

231 



Abstracts 

Skeletal muscle will never be limiting and since the smallest animal had 

a liver weighing 5 g it will never be limiting; it is obvious that the 

heart is the limiting organ. Our final mitochondrial pellet is sus¬ 

pended in a volume in cm3 equal to fresh organ weight in g; in many cases 

only 0.5 cc of mitochondrial suspension is available to us. Because of 

these limits, our determinations include only oxygen uptake: (1) in 

absence of added substances; (2) with 10 pmoles each pyruvate and malate 

additions; (3) after substrates added, solution is made 3.3 mM with 

respect to inorganic phosphate (Pi) and ADP is added; (A) after dinitro- 

phenol addition. The ratio—oxygen consumption in presence of ADP + Pi 

to that with substrate but without additional ADP + Pi is calculated— 

the respiratory control ratio. 

The above 2 groups contain members of both sexes but preponderant¬ 

ly male, and the lower weight range includes animals from 43 to 134 

days of age, individuals in the heavier group range in age from 78 to 

713 (all males are less than 120 days old; all females are greater than 

600 days old). 

From these preliminary studies we conclude that the project is 

feasible but have insufficient data to reach further conclusions. 

FLUORIDE AS AN INHIBITOR OF GASTRIC SECRETION 

Dan Gammage, Fred Feagin, and Richard Shoemaker 

Department of Physiology and Biophysics 

University of Alabama, Birmingham 

The in vitro Rana pipiens gastric mucosa was used to test the ef¬ 

fects of fluoride on the acid secretion rate, the transmucosal membrane 

potenial (PD) and tissue resistance. Fluoride was added to the bathing 

solution, either the serosal or mucosal (in different experiments), at 

0.005 mM initially and the concentration increased logarithmically to 

50 mM NaF. Compared to control experiments 5 mM F- reversibly reduced 

the mucosal PD and the acid secretion rate; a concentration of 15 mM 

NaF irreversibly decreased the transmembrane PD and the acid secretion 

rate. Also at 15 mM F- there was an initial increase in the PD followed 

by a decrease, and the resistance decreased as the PD decreased. Fluor¬ 

ide was as effective when added to the mucosal side as when added to the 

serosal side. The irreversible fluoride effect could relate to the for¬ 

mation of insoluble calcium fluoride, magnesium fluoride on other com¬ 

plex associations or relatively insoluble salt formation within the tis¬ 

sue membrane. The effects of fluoride on the PD and resistance indicate 

that the cells are being uncoupled, i.e., that there is a change in the 

tight junction between cells allowing current to be shunted between 
cells. 
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SELECTED ASPECTS OF HISTOGENESIS IN SALAMANDER EMBRYOS AS 

DEMONSTRATED BY THE LEHMAN POLYCHROME STAINING METHOD 

George S. Hand, Jr. 

Department of Anatomy 

University of Alabama, Birmingham 

The Lehman method (J. Elisha Mitchell Sci. Soc. 8^:90, 1965) for 

polychrome staining of embryonic tissues can be used in the routine 

screening of single sections for the presence and the tissue localiza¬ 

tion of general macromolecular groups exclusive of lipids. Although 

not widely used this staining technique may become one of preferred 

choice to study more advanced embryonic stages since it demonstrates, 

as the tissues become functionally differentiated, a large number of 

tissue components. 

In the present investigation this staining technique has been em¬ 

ployed to demonstrate the selective affinity of the stains for various 

embryonic tissues of the salamander, Amblystoma punctatum, at specific 

developmental stages (Harrison stages 1-46). The lOp sections were 

stained with celestine blue, naphthol yellow S, aniline blue and chromo¬ 

trope 2R according to the Lehman method. 

In the earlier stages of the development amphibian embryonic cells 

are heavily laden with yolk which stains intensely with naphthol yellow 

S. This predominant yellow coloration tends to obscure the staining of 

other components except for the nuclei. As the tissues acquire histo¬ 

logical and functional differentiation, however, the yolk diminishes 

within the cells. Then differential staining is pronounced. Selected 

aspedts of these staining properties assocaited with the histogenesis 

of various embryonic tissues are discussed. 

RECTILINEAR DOUBLE RECIPROCAL PLOT OF THE SURFACE 

TENSIONS OF AQUEOUS FATTY ACID SOLUTIONS 

Alan Hisey 

University of Alabama, University 

A personal communication from Dr. A. K. Balls, late professor of 

enzymology at The George Washington University, was that, in most cases, 

when reciprocal time was plotted against reciprocal enzyme product a 

straight line was obtained. Using the common enzyme equation for a 

first order reaction, Kt = In(a/a-x), letting a = 2, and x = 1 when 

t = 1, and calculating the values of x at various values of t, permitted 

a test of Balls' suggestion, using pure numbers. A least squares line, 

run through the plotted points, showed an average deviation of 0.3% for 

half completion of the reaction. Since the lowering of the surface ten¬ 

sion of solutions follows a similar curve, a similar test was made of 

aqueous solutions of the lower fatty acids, plotting the reciprocal of 

the surface pressure in dynes/cm against the reciprocal of the concen¬ 

tration in g/Kg of water. A family of straight lines was obtained which 

passed, by projection, through an isobestic point which lay beyond in¬ 

finity, i.e. beyond 100% concentration. The natural logarithm of the 

slope of each curve, when plotted against the respective molecular 
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weight of the fatty acid, gave a straight line having a slope of -1/14. 

The same curve could be fitted with another ordinate, K/aRT inverted, 

which is derived from Gibbs' equation [Hisey, Alan, J. Colloid Inter¬ 

face Sci., 40, 133 (1972)]. The sum of the two ordinates at any point 

is always 5.5. 

THE EFFECTS OF Mn^ ON FROG GASTRIC SECRETION IN VITRO 

Florence M. Hoffman and Richard L. Shoemaker 

Department of Physiology and Biophysics 

University of Alabama, Birmingham 

It has previously been shown that Mn‘t~t' (lOmM) would inhibit (acid 

secretion rate zero) the spontaneous acid secretory rate in the Rana 
pipiens in the in vitro system. It has further been shown that Mn++ 

would inhibit stimulation by pentagastrin (10-6M) without blocking the 

response by histamine. However, Mn++ did not block histamine stimula¬ 

tion. It did block cholinergic stimulation (Shoemaker, 1971, Ala. J. 

Med. Sci., 8:424-30). 

Mn"1-*- was effective when added to the serosal bathing solution of 

buffered Ringer's and not to the non-buffered nucosal solution. By in¬ 

hibiting the gastric mucosa secretory rate with Mn++ and then removing 

it from the bathing solution, a nonsecreting mucosa that was still sen¬ 

sitive to stimuli was obtained. 

Atropine (10-5M) was shown to block cholinergic (mecholyl 10-6M) 

stimulation. However, if histamine or pentagastrin were added after this 

inhibition, the secretory rate returned. Gastrin could act directly on 

the oxyntic cell or it could stimulate the release of histamine. Mn++ 

blocks pentagastrin stimulation. When histamine was added in the pre¬ 

sence of Mn++, the acid rate increased, but when pentagastrin was added, 

the rate remained inhibited. These findings would indicate that hista¬ 

mine is situated down the stimulatory pathway from cholinergic and hor¬ 

monal receptors. 

CONFORMATION DEPENDENT ANTIBODIES. ENHANCEMENT OF THE ENZYME 

ACTIVITY OF GLUTAMATE DEHYDROGENASE (GDH) 

David H. Kempner and Brian J. Johnson 

Department of Microbiology and Laboratory of Molecular Biology 

University of Alabama, Birmingham 

It has been shown that the enzymatic activity of L-glutamate dehy¬ 

drogenase [(L-glutamate NAD (P) oxidoreductase (deaminating) EC 1.4.13] 

(GDH) is dependent upon the conformation of the molecule. Immunochemi¬ 

cal studies with this enzyme, using a precipitating system, have shown 

that rabbit antibodies possess specificities not only for the primary 

structure but also for the conformation of the antigen. We have been 

interested in the effect of conformation dependent antibodies and their 

effects on their homologous antigens. With respect to L-glutamate de¬ 

hydrogenase (GDH) it has been reported that normal rabbit serum acti¬ 

vated purified preparations of human and bovine GDH by about 40% in 
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reactions using a-ketoglutarate and glutamate as substrates. It has 

also been reported that anti-GDH-serum enhances the enzyme activity of 

GDH using a-ketoglutarate substrate. It was therefore of interest to 

extend the reported investigations by studying the effect of these con¬ 

formation dependent antibodies produced over a period of time on the 

enzyme activity. We have been able to achieve this aim by the use of 

a non-precipitation system. Our results corroborate the reported en¬ 

hancement of the enzyme activity of GDH by the use of small amounts of 

rabbit anti-GDH-serum. Using the rationale that within the hetero¬ 

geneous mixture of antibodies formed to the antigenic challenge of GDH 

there is a definite population which are conformation dependent. It is 

suggested that these antibodies are capable of maintaining GDH in a 

more favorable conformation to influence the rate of conversion of 

sodium a-ketiglutarate to sodium glutamate. However, it was found that 

the concentration of the conformation dependent antibodies varies with 

the length of time of immunization. A similar observation has been 

made of the concentrations of various antibody populations produced by 

rabbits upon continuous immunization with type III and type VIII pneumo¬ 

cocci. It also has to be concluded that the antigenic determinants of 

GDH must be clearly different from those which constitute the enzyme 

active site. 

THE EFFECT OF DNA INHIBITOR AND CELLULAR STIMULANT 

ON BONE HEALING IN VITRO 

Talib A. Najjar 

Department of Pathology 

University of Alabama, Birmingham 

Our previous study described a tissue culture method for the study 

of osteogenesis in embryonic and adult bones. The current study was 

undertaken to study the influence of inhibitory and stimulatory intrin¬ 

sic cellular mechanisms in vitro. 
Chick embryonic bones (12-18 days old) were incised and cultivated 

as in the previous study, in a modified organ culture chamber, using 

CM-199 culture medium containing 5% calf serum. The organ cultures were 

divided into three groups of 20 chambers each. The first group re¬ 

ceived 0.05 mg of 5-Iodo-2-Deoxyuridine (IUDR); the second group re¬ 

ceived 0. 1 mg of Isoproternol and the third group acted as a control 

and had no medication. The cultivates were maintained for 30 days with 

0.2 mg Tetracycline administered periodically and were examined under 

light and fluorescent microscopes daily. The cultivated organs were 

fixed in 10% formalin and stained with hematoxylin and eosin. 

The incised site in the control group showed early fibroblastic 

cellular proliferation and later osteogenic cellular differentiation. 

These cells appeared to arise mainly from the bone marrow site with 

very little contribution from the endosteum and periosteum. Unlike the 

control group, the fractured bones treated with IUDR showed degeneration 

and poor cellular differentiation while the Isoproternol-treated group 

showed an increase in fibroblastic activity, osteogenic differentiation 

and bone matrix formation. 

The in vitro method employed in this investigation is an excellent 
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vehicle to study cellular proliferation and osteogenic cell differentia¬ 

tion in the fractured embryonic bone. The cells which appeared to be 

most affected by the above intrinsic cellular mechanisms were those a- 

rising from the bone marrow site. 

STUDIES WITH MICROELECTRODE OF Ba4-1- EFFECT IN FROG GASTRIC MUCOSA 

J. O'Callaghan, W. S. Rehm, S. S. Sanders and R. L. Shoemaker 

Department of Physiology and Biophysics 

University of Alabama, Birmingham 

In the in vitro frog gastric mucosa we studied the relative resis¬ 

tance of the surface epithelial and tubular cells by means of a micro¬ 

electrode technique and the use of Ba++. Upon sending a constant cur¬ 

rent across the mucosa the changes in potential difference between two 

external electrodes (AVjgg, N and S refer to electrodes in the nutrient 

and secretory fluids) and between the microelectrode (M) and each of 

the external electrodes (AVj^; AVjqs) were recorded. Barium in the nu¬ 

trient fluid (1 mM) increased all of the AV's. Nutrient solutions 

containing 88 mM K+ + 1 mM Ba44" reversed the barium effect so rapidly 

as to justify the assumption that the site of the effects of Ba++ and 

K+ is the nutrient-facing membrane of the mucosal cells, i.e., the 

resistance of the secretory membranes remain unchanged. On the basis 

of the latter, we interpret the increase in AVmS with Ba++ as due to a 

greater increase of the resistance of the tubular cells than in the 

resistance of the surface cells. Similarly the decrease in AVj^s going 

from 1 mM Ba++ to 1 mM Ba4-4- and 88 mM K+ must be due to a greater % ef¬ 

fect on the tubular cells. Analysis of our data, assuming that a lumped 

parameter circuit is adequate and the extracellular conductance is neg¬ 

ligible, enables us to conclude that the resistance across the tubular 

cells and furthermore the resistance across the tubular cells is less 

than 1.5 times the total resistance. 

SCANNING ELECTRON MICROSCOPY OF CHICKEN EMBRYO CELLS 

James H. Sheetz 

Samford University and 

University of Alabama, Birmingham 

The scanning electron microscope makes possible a new dimension in 

the study of the chicken embryo and other embryonic systems. After 

glutaraldehyde fixation and critical point dehydration, cell relation¬ 

ships and surface features which are easily overlooked or misinterpreted 

in light or transmission electron microscopy are evident. Scanning 

electron microscopy of 12-48 hour chich embryos disclose features which 

make possible a better understanding of morphogenetic movements and 

cellular modifications in this embryonic system. 

At the expanding edge of the blastoderm the cells appear to be in 

migratory condition. This is suggested by the long processes of the 

cells projecting over the vitelline membrane. Distal attachments of 

these processes and subsequent contraction can partially explain the 
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expansion of the blastoderm over the yolk. The differentiated endoderm 

cells of the area opaca in contact with the yolk show characteristics 

of absorptive cells. Microvillous processes project from the apical 

surface of these cells. Evidence of absorbed yolk material can occa¬ 

sionally be observed in these cells. 

Cells of the area pellucida, both ectodermal and endodermal, gen¬ 

erally appear flattened. The surface contains fewer and shorter micro¬ 

villi. Many cells closer to the embryonic axis contain a single pro¬ 

cess resembling a cilium. More ectoderm cells displaying this feature, 

especially in the region of the developing head and body folds. After 

neural groove formation, the neuroectoderm cells also possess a single 

process. These observed surface features represent cellular modifica¬ 

tions for continued morphogenesis and differentiation. 

THE EFFECTS OF BURIMAMIDE ON THE IN VITRO GASTRIC MUCOSA 

R. L. Shoemaker, Ellen Buckner, J. G. Spenney and G. Sachs 

Department of Physiology and Biophysics 

University of Alabama, Birmingham 

Burimamide, a histamine antagonist, was used to inhibit spontane¬ 

ous acid secretion in the Rana pipiens gastric mucosa in vitro. By re¬ 

moving the compound from the solution the acid rate remained at zero 

so that a non-secreting or resting mucosa was obtained by this method. 

Mucosae treated in this manner were still sensitive to the usual stimu¬ 

li. Burimamide (10-3M) inhibited acid secretion stimulated by histamine 

(10-5M), mecholyl (10-5M) or pentagastrin (10_5M). A 100 fold greater 

concentration of burimamide over histamine was required to inhibit the 

stimulation of histamine. Comparing the 3 stimuli, mecholyl (10-3M), 

pentagastrin (4 x 10-4M) or histamine, only histamine would restimulate 

the acid rate in the presence of burimamide. Dibutyry1-cAMP (10-2M) 

restored the acid rate in 50% of the trials in the presence of buimamide. 

Thus these results indicate that cAMP is involved down the stimulatory 

pathway from histamine and possibly as a "second messenger" type role. 

DISCRIMINATION AMONG CARDIOVASCULAR TISSUES BY TRACE METAL CONTENT 

John Webb, Thomas N. James, James H. Griggs, 

Katharine A. Kirk and Malcolm E. Turner 

University of Alabama, Birmingham 

Emission spectrometry was used to determine a concentration profile 

of 13 trace metals in 17 specific regions of eleven pig hearts. The 

trace metals determined were: copper, aluminum, barium, manganese, 

nickel, cesium, tin, strontium, chromium, zinc, lead, molybdenum and 

cadmium. The specific tissues removed for analysis were: aorta; main 

pulmonary artery; right superior vena cava; sinus node; atrio-ventric- 

ular node and His bundle; left bundle branch; right artium; left atrial 

appendage; right and left ventricular free walls; interventricular sep¬ 

tum; left ventricular papillary muscle; crista supraventricularis; 

mitral, tricuspid, aortic and pulmonary valves. Statistical analysis 

of the data clearly indicates that the 17 tissues can be distributed 
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into several distinct groups of tissues that contain similar tissues 

within each group. This separation was performed by both cluster analy¬ 

sis and discriminant analysis. By both procedures the tissues grouped 

in the following way: (I) aorta, main pulmonary artery, mitral valve, 

tricuspid valve; (II) aortic valve; (III) pulmonary valve; (IV) the ten 

remaining tissues. (Supported in part by National Heart and Lung Insti¬ 

tute Grant HL 11,310.) 

DEMONSTRATION OF A FEED-BACK LOOP FOR ALBUMIN BIOSYNTHESIS 

IN EMBRYONIC LIVER 

Edwin M. Weller and Hazel R. Bowdon 

Department of Anatomy 

University of Alabama, Birmingham 

Chicken serum albumin (CSA - 1% or 10 mg/ml) added to chick embryo 

liver incubated in the presence of a 1^C-labelled amino acid mixture, 

was shown by combined immuno-electrophoresis and autoradiography tech¬ 

niques to drastically reduce de novo production of albumin, specifical¬ 

ly. The synthesis of the other serum proteins was not affected by CSA. 

Addition of either chick embryonic or adult chicken serum also 

suppressed albumin synthesis but not as much as with CSA. Heterologous 

bovine and human albumin were ineffective. 

CHEMICAL CALIBRATION OF OXYGEN POLAROGRAPHS 

W. J. Wingo and G. M Emerson 

Department of Biochemistry 

University of Alabama, Birmingham 

Use of (1) the catalase-catalyzed decomposition of hydrogen perox¬ 

ide to water and oxygen, (2) the copper-catalyzed oxidation by oxygen 

of ascorbic acid, and (3) the copper-catalyzed oxidation by oxygen of 

cysteine in the calibration of oxygen polarographs is discussed. 

ENGINEERING 

INFRARED RADIATION FROM THE PLUME OF A SMALL ROCKET MOTOR 

Nathan G. Adams and Kenneth E. Harwell 

Department of Aerospace Engineering 

Auburn University, Auburn, Alabama 

A model to simulate the combustion chamber, nozzle flow field, and 

plume flow field of a small rocket motor is presented. Modeled flow 

field data computed from a chemical equilibrium and method of character¬ 

istics analysis is presented. A band-model method to compute infrared 

radiation from the modeled rocket plume is described and radiation com¬ 

puted from the model is presented. 
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A MODEL FOR RAINFALL ATTENUATION 

D. G. Burks, H. V. Poor, S. G. Chandra and E. R. Graf 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

Precipitation in the form of rainfall is the largest factor in at¬ 

mospheric attenuation of electromagnetic waves in the 0.3 to 15 cm wave¬ 

length range. An accepted relation for calculating the attenuation of 

a given rainfall is 

A = 0.4343 £ n (D) • Qt(D) x 106 dB/km (1) 

where n(D) = number of raindrops per cubic meter of diameter D, Qt(D) = 

attenuation cross section in square centimeters for drop diameter D cm, 

and the summation is made over the path volume. 

Attenuation values for various wavelengths have been computed by 

several investigators. All calculated attenuation values have pre¬ 

dicted attenuations far below the value measured in experiments. The 

difference in measured and theoretical values of attenuation is due to 

the raindrop size distribution used. This paper proposes an attenua¬ 

tion model based on median raindrop diameter. 

In the new model, the concept of median diameter is utilized to re¬ 

place the raindrop spectra for a given rainfall. The median drop diam¬ 

eter is the raindrop diameter which divides the drops of larger and s 

smaller diameter into groups of equal value. It is then assumed that 

the rain consists only of drops of median diameter. Equation (1) is 

then simplified to 

A = 0.4343 n(D5Q) x 106 dB/km (2) 

where D5„ = median diameter in cm. Attenuation computations based on 

(2) are in good agreement with measured values. 

ATTITUDE CONTROL OF A SPINNING SPACECRAFT VIA 

MASS REDISTRIBUTION 

John E. Cochran and Norman 0. Speakman 

Department of Aerospace Engineering 

Auburn University, Auburn, Alabama 

The rotational motion of a free, composite body, consisting of a 

main rigid body and two point masses, was studied. The composite body 

initially rotates about its axis of maximum moment of inertia. This 

steady motion is disturbed by moving the point masses within the main 

body in such a manner that the principal axes of the composite body are 

rotated with respect to its constant angular momentum vector. An exact, 

analytical solution for the motion of the original spin axis of the com¬ 

posite body after the mass motion has stopped is obtained in terms of 

Jacobian elliptic and Theta functions. Numerical solutions for the 

spin axis motion during the transition from one mass configuration to 

another are used to obtain initial conditions for the exact solution. 
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Applications of the theoretical results in regard to producing large- 

angle motions of an axis fixed in a spinning spacecraft for purposes of 

sensor coverage are discussed. 

DESCRIPTION AND APPLICATIONS OF A COMPUTER BASED 

LOCATION-ALLOCATION ALGORITHM 

Donald H. Denholm and James N. Hool 

Department of Industrial Engineering 

Auburn University, Auburn, Alabama 

A simple, easy-to-use computerized algorithm designed to optimally 

locate one or more service facilities that provide some common service 

to surrounding areas is discussed — the optimization also involves as¬ 

signing surrounding areas to the service facilities. The system will 

minimize or maximize any specific measure of effectiveness. 

A discussion of the combinatorial problems encountered in appli¬ 

cation, and some of the techniques employed to overcome these difficul¬ 

ties are included. 

An example of site selection for a Madison County (Ala.) rural high 

school is included. 

CHARACTERIZATION OF ELECTROMAGNETIC FIELDS 

PROBLEMS USING THE DIGITAL COMPUTER 

D. C. Glover, E. W. Smith, and E. R. Graf 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

The digital computer has proved to be a useful aid in introducing 

beginning students in electromagnetics to various characteristics of an 

electromagnetic wave and field. In one program the student may observe 

the effects of changing wavelength, amplitude, and phase on two waves 

and on their sum (or superposition). Other programs plot the intensity 

pattern from Young's double slit experiment and the reflection and re¬ 

fraction of light incident on a dielectric. 

Somewhat harder to visualize are the amgnetic fields around cur¬ 

rent carrying wires and the electrostatic potential field around point 

charges. The computer can plot relative magnitudes of these fields 

giving the student an approximate picture of the relative strength of 

the field in a limited area around the wires or point charges. These 

plots have been found to enhance the student's intuitive feel for the 

interaction of electromagnetic fields. 
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DETERMINATION OF FLOW FIELD PROPERTIES USING THE REVISED 

LAX METHOD OF COMPUTATION 

Ralph C. Griffith, Jr. and Kenneth E. Harwell 

Department of Aerospace Engineering 

Auburn University, Auburn, Alabama 

An analytical approach is developed to determine the flow field 

properties behind shock waves. The model used to generate the shock 

wave was a double wedge. A computer program was developed to predict 

and locate all shock waves on a given body simply by adjusting the 

input boundaries describing the model. The basic method used was pre¬ 

viously investigated in conjunction with flat plates and conical models. 

The results obtained using the Revised Lax Method of Computation are 

presented. 

ENGINEERING CURRICULA IN THE LATE 1970'S 

V. S. Haneman, Jr. 

School of Engineering 

Auburn University, Auburn, Alabama 

The content, length, and structure of engineering curricula for the 

future is under intensive discussion throughout the country. The pri¬ 

mary key is the view of the profession for the 1980's and beyond. What 

are the professional engineers' respnsibilities to the public employer 

and self? The late 70's will be a period of transition. The present 

shortage of students is providing the input for decision on length that 

adversely controls content. The concern for jobs and the position of 

the technologists are forcing decisions on structure which grossly limit 

content option. Curricula content must be viewed with respect to the 

forecast employment of the student in the time frame of his useful 

career. This includes a guess as to the nature of the industrial needs 

of the country, i.e., defense, aerospace or leisure time; the type of 

employer, i.e., governments, industry or education; the employment func¬ 

tion, i.e., research, development, construction or sales; and the num¬ 

ber of students available and their interests, i.e., science, applica¬ 

tion, or socio-humanistic. Once these boundaries are established then 

content can be defined followed by length and structure. If faculty 

must weigh their own feelings, unique capabilities, and strengths and 

proceed to formulate a basis for their educational program, not all 

should proceed with any one formulation of program but the rights and 

needs of the client, government, industry or education must determine. 

The program will have to recognize the rate at which knowledge is be¬ 

coming obsolete. The old patterns will have to give way to recognize 

the demands of our profession or the educational system of engineering 

will pass into history as a noble effort that eventually failed. 
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PERMEABILITY - PRESSURE RELATIONSHIPS IN 

LIQUID WASTE DISPOSAL WELLS 

Charles D. Haynes 

Department of Civil and Mineral Engineering 

University of Alabama, University 

Laboratory tests were conducted to determine the permeability 

changes resulting from chemical incompatibility between injected waste 

liquids and native brines in a sandstone reservoir. Linear flow tests 

were made using various sandstones and formation fluids from the Lower 

Tuscaloosa Group in South Alabama. Liquid wastes were obtained from 

several industries in Alabama. 

Permeability reduction was noted in all tests, being variable from 

sample to sample. Several samples demonstrated a constant decline in 

permeability such that time/quantity-dependent permeability relation¬ 

ships were established by utilizing a curve-fitting procedure. The 

functions obtained from this procedure were utilized in the van 

Everdingen pressure build-up equation to observe the effect of the de¬ 

creasing permeability on the pressure buildup history of a disposal 

zone. It was found that the required injection pressure may increase 

three-fold when considering permeability reduction as opposed to the 

assumption of constant initial permeability. 

The results of this investigation have significant practical ap¬ 

plication. For example, if chemical incompatibility is suspected in a 

proposed disposal reservoir, laboratory tests can be made to determine 

the effects of this incompatibility on future permeability. The pres¬ 

sure rating of the disposal system can then be increased to withstand 

the anticipated increase in pressure necessary to dispose of the liquid 

waste at the desired rate. 

ANALYSIS OF A TWO DIMENSIONAL LAMINAR JET RATE SENSOR 

Paul L. Jacobs 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

This paper presents a theoretical analysis of two dimensional 

laminar jet rate sensor performance. Sensors of this type are currently 

being tested in experimental aircraft and missile stabilization systems. 

These systems require small, inexpensive, rugged fliudic sensors with 

low power consumption, low noise and low sensitivity to environmental 

disturbances. 

The analysis makes use of a solution to a submerged jet in a 

quiescent medium and adapts it with simplifying assumptions to a rotat¬ 

ing receiver. The results are in the form of algebraic expressions of 

medium complexity and predict the effects of sensor length, receiver 

spacing, nozzle dimensions, Reynolds number and angular rate on sensor 

output. Optimized performance curves are presented for some typical 

geometries. Comparison is made to available experimental data and to 

an analysis of an axisymmetric sensor. It is concluded that this sim¬ 

plified analysis is useful in predicting sensor performance and the ef¬ 

fects of environmental compensation techniques on sensor output. 
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INTERACTION OF REACTIVE SYSTEMS WITH TIME-DELAYS 

C. K. Liu 

Department of Aerospace Engineering, Mechanical Engineering, 

and Engineering Mechanics 

University of Alabama, University 

When two streams of fluid enter the same chamber, the unsteadiness 

of one stream may affect the well-being of the other. Under certain 

"favorable" conditions, it has been observed that seemingly random fluc¬ 

tuations in the relevant quantities of the flow may become organized os¬ 

cillations that are self-maintained and amplified. 

For the purpose of ascertaining the condition under which the afore¬ 

mentioned fluctuations will decay rather than amplify, an analysis is 

presented for two confluent streams Qj and Q2 with time-delays and x2 

and the respective sets of proportionality factors Nj, N4; N2, N3. 

The results of the analysis indicate: 

1. The quantities Q^(t) suffer an initial impulsive rise at t = 0. 

This initial jolt is present regardless of the magnitudes of the propor¬ 

tionality factors and time-delays. 

N 

2. Exponential stability is possible only if N2NL( 

3 > 0, or if N2N4 > 0, Nj 

< 0, > 0 and 

0 and N3 <0. 

3. For a given (Tj+t2) and N^ >> Nj, exponential stability dimin 

ishes with increasing N3; the reverse is true if N3 ~ Nj 

4. Oscillatory stability is not restricted to N2N4 

intrinsic stability prevails for N2N4 

5. For a given (t1+t2) and N^ >> N 

rapidly reduced with increasing N;. If Nj 

reduced for increase of |N31 , but less rapidly. 

6. Because of the generality in the characterization of the enti¬ 

ties, it is believed that the results of the present study are applicable 

to similar studies in chemical reactions and communication of human minds 

and emotions. 

0. If IN- 

< 0.5. 

> 0, oscillatory stability is 

Nl 

0 and N3 < 0, stability is 

A UNIFIED THEORY FOR MODELING INERTIAL SYSTEM MECHANIZATIONS 

Harold L. Pastrick 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Classic development of the ideal inertial navigation mechanization 

equations has presumed geometric intuition and reasonable familiarity 

with the inertial system hardware. Consequently, many treatises and 

texts on the subject have neglected the derivation of an important sub¬ 

set of the mechanization equations. Secifically, the gyro torquing 

equations often have been given without any discussion on their origin. 

A method of analysis is presented that circumvents the troublesome dif¬ 

ficulties previously mentioned. Emphasis is placed upon viewing the 

transformation required between different coordinate bases as a change in 

orientation which is described by Euler angles and rate of change of ori¬ 

entation between bases. Four mechanizations are derived in sufficient 

detail to indicate the applicability of the technique. Included in the 
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analyses are most often used navigation bases commonly called tangent 

place, space-fixed tangent plane, free azimuth, and local level north¬ 

east mechanizations. 

THE ROLE OF ENGINEERING IN NOISE CONTROL 

H. V. Poor, D. G. Burks and E. R. Graf 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

Noise can be best defined as "any undesirable sound." The unpleas¬ 

ant effects of noise have been recognized for centuries but it was not 

until the industrialization of the nineteenth century that excessive 

noise exposure was linked to hearing loss. The need for noise control 

in the modern environment has become increasingly urgent and this need 

is reflected in recent federal and state legislation aimed at dealing 

with the noise problem. 

The engineer has an important role in noise control, in both the 

instrumentation and the analysis of noise. Engineering techniques are 

being applied to the noise environment with a large degree of success. 

In the future, there will be an increasing demand for capable personnel 

in this field. Any engineering background provides a base for which 

necessary knowledge and skills can be quickly acquired. At some univer¬ 

sities elective courses in noise control are included in the engineering 

curricula to provide this fundamental knowledge. More and more short 

courses and other self-education opportunities are being offered to 

practicing engineers. These educational opportunities provide an aware¬ 

ness of the problems encountered in controlling noise and a knowledge of 

the solutions to these problems. This knowledge is useful not only to 

the noise engineer, but also to design, sales, and plant engineers who 

deal with potential noise hazards. 

A VERSATILE SUPERSONIC THERMAL MIXING LASER 

T. G. Roberts, H. L. Pratt, and R. L. Morgan 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

An arc-driven laser with an aerodynamic nozzle was designed so that 

cold C02 or other gases can be injected either into the expanding N0 flow 

before it reaches the nozzle exit (supersonic mixing mode) or into the 

flow just before it reaches the nozzle throat (near-sonic mixing mode). 

The gases can also be premixed either before or upon injection into the 

plenum (GDL mode). 

The results obtained when this laser is operated in the GDL mode 

with marginal plenum conditions are compared with those obtained in the 

supersonic and near-sonic mixing modes using cold C02. Preliminary re¬ 

sults are also given for operation in the supersonic mixing mode when 

CS2 + He are injected into the hot expanding N2 flow. The supersonic 

mixing mode extends the operating range of plenum conditions, and for 

marginal operating conditions in the GDL mode, it increases the output 
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power by more than an order of magnitude. Somewhat similar results were 

obtained in the near-sonic mixing mode and lasing was also obtained when 

CS2 + He was mixed with the N2 flow from the plenum. 

BOOLEAN FUNCTION MINIMIZATION BY DIGITAL COMPUTER 

S. G. Shiva and H. T. Nagle, Jr. 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

This paper presents a general-purpose computer program which mini¬ 

mizes a Boolean function and its complement in two-level sum of products 

form. The program follows a fast algorithm based on the containment 

properties of the cellular n-cube. The input data for both minterms and 

don't care conditions may be expressed as minterm numbers or sum of pro¬ 

duct expressions. Minterms and don't cares are ordered numerically to 

insure finding the largest prime implicant first, thus avoiding the pos¬ 

sibility of entering a prime implicant into the table and later finding 

it to be covered by a new cell. The generation of both the true and 

complemented forms of the minimized functions allows immediate synthesis 

with either NAND or NOR logic. The versatility of this Computer-Aided 

Design (CAD) program is demonstrated by example. 

THE USE OF THE FOURIER TRANSFORM IN THE ANALYSIS 

OF OPTICAL APERTURES 

E. W. Smith, D. C. Glover, D. M. Jones, and E. R. Graf 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

In optical diffraction phenomena, Huygens Principle states that the 

electric field produced at a point in the Fraunhofer zone of a radiating 

aperture is the sum of the effects of each element in that aperture. The 

mathematical expression of this sum corresponds to the well-known Fourier 

Transform. The result is, then, that the E-field distribution in the 

Fraunhofer zone is the Fourier Transform of the E-field in the aperture. 

Applications of this include image-processing, synthetic-aperture 

radars, spatial filtering, and holographic memories. 

A CMG ATTITUDE CONTROL SYSTEM FOR THE LARGE SPACE TELESCOPE 

Norman 0. Speakman and John E. Cochran 

Department of Aerospace Engineering 

Auburn University, Auburn, Alabama 

An attitude control system for the Large Space Telescope (LST) cur¬ 

rently in the design stage by NASA is described. The system utilizes 

four single-gimbal control moment gyros (CMG's) arranged in a pentahedral 

configuration and controlled using an "optimal" CMG steering law. Com¬ 

manded attitude changes are also obtained in an "optimal" manner using 
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the concept of the eigenaxis of a rotation. Quaternions are used in at¬ 

titude computations. Preliminary simulation results are presented. 

ON A COMPLEX AIR DEFENSE SYSTEM SIMULATION 

Donald W. Sutherlin and William C. Kelly 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The simulation of a highly complex air defense system involves many 

problem areas. The simulation must represent the entire engagement pro¬ 

file from missile launch through the midcourse and terminal portions of 

the flight to intercept. It is necessary that such a simulation operate 

sufficiently fast so as to permit efficient Monte Carlo analyses of the 

system. The air defense simulation program developed contains all the 

functions necessary to realistically assess the capabilities of a modern 

air defense system. 

The missile flight is broken into three distinct phases, (1) the in¬ 

itial turn phase, which is to properly orient the missile immediately fol¬ 

lowing launch to the proper direction for intercept, (2) a midcourse 

phase based upon a proportional navigation guidance law, and (3) a semi¬ 

active command guidance terminal homing phase which utilizes modem con¬ 

trol theory techniques and target-via-missile tracking to accomplish in¬ 

tercept. 

The simulation is subdivided into a modular form with individual 

portions of the engagement-intercept logic constituting the various mod¬ 

ules. These modules include (1) the initiation and maintenance of target 

track as well as interceptor missile track by the ground-based radar, 

(2) a maneuverable target, (3) a six degree-of-freedom missile model, 

(4) a seeker onboard the interceptor missile used for tracking the mis- 

sile-to-target line-of-sight during the terminal portion of the missile 

flight, and (5) a ground-based computer which processes all data and acts 

as the central element for the total engagement-intercept logic. 

ANTHROPOLOGY 

GAINESVILLE '72, A MULTICOMPONENT SITE 

Bruce Dominick Bizzoco 

University of Alabama, University 

In the summer of 1972, the University of Alabama Museum, in coopera¬ 

tion with the National Park Service, conducted a program of salvage ar¬ 

chaeology in the Gainesville Basin of the Tombigbee River, which was a 

continuation of the 1971 project. The project director was David L. 

DeJarnette and the field crew was under the supervision of Jerry Nielsen. 

Site lGr2 yielded an array of artifacts which represent virtually 

all periods of aboriginal presence in this area. Two of the main features 

that were recovered were an elbow pipe and a fiber tempered bowl. Due to 

the many facets of lGr2 further investigation will be necessary to throw 

more light on the Gainesville Basin. 
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THE STRUGGLE FOR NEW EQUILIBRIUM BETWEEN TWO INTERACTING 

SYSTEMS OF SOUTHERN UNITED STATES 

Daniel W. Bollman 

Department of Anthropology 

University of Alabama, University 

The town of Mt. Vernon, Alabama lies approximately thirty miles 

north of the city of Mobile, Alabama near the boundary of Washington 

County. It has a population of approximately 1000 people, of whom ap¬ 

proximately 700 are Caucasian and 350 Negro. Contiguous to Mt. Vernon is 

Searcy Hospital, presently a state mental hospital with a history of 

having first been a fort, later an arsenal, and more recently a barracks. 

Searcy Hospital has a patient population of approximately 1500, practi¬ 

cally evenly divided between Negro and Caucasian. The two systems have 

functioned side by side since the late eighteenth century, and had reached 

an acceptable state of equilibrium. 

The 1964 Civil Rights Act, the 1969 United States District Court Or¬ 

der to desegregate Bryce Hospital (a state mental hospital in Tuscaloosa, 

Alabama) and Searcy Hospital, plus the 1972 Court Order issued by Judge 

Frank Johnson to provide adequate treatment for patients of Alabama's 

state hospitals, all combined to upset the former equilibrium. The in¬ 

ternal equilibrium of Searcy was initially upset. Until new equilibrium 

is established within the system of Searcy, the relationship between 

Searcy and Mt. Vernon will necessarily undergo a process of readjustment. 

AN INTENSIVE DENTAL ANALYSIS OF THE PINSON 

CAVE SKELETAL REMAINS 

Ralph H. Bunn, Jr. 

Department of Sociology and Anthropology 

East Carolina University, Greenville, North Carolina 

Archaeological excavations at Pinson Cave yielded an abundance of 

human skeletal material. Included in this material was 211 mandibular and 

maxillary fragments and 972 loose teeth. An analysis of this material 

was conducted: (1) to determine the number of individuals in the ossuary, 

(2) to ascertain the types ar.J frequencies of dental disorders, (3) to 

determine the frequency of anthroposcopic features and their ethnic sig¬ 

nificance, and (4) to ascertain to what degree subsistence contributed to 

dental attrition. 

HYPERPULMONARY OSTEOARTHROPATHY IN A PREHISTORIC DOG 

David W. Chase 

Department of Sociology 

Auburn University, Auburn, Alabama 

Man-dog associations in Indian sites have been known to date as 

early as 9,500 B.C. Finds of seven deliberately buried dogs along the 

Tallapoosa River in Central Alabama provided an opportunity to examine 
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certain phenomena related to these finds. 

Examination of one adult dog from the Hickory Bend Site (Mt 56), 

whose burial was associated with the Hope Hull Phase (Late Woodland, ca. 

700 A.D.), disclosed evidence of an extensive pathological defect identi¬ 

fied as hyperpulmonary osteoarthropathy, or Marie Bamberger's disease. 

The afflicted animal suffers initially from a lung parasite resulting in 

a cough or dyspnea. Later stages of the disease involve the long leg 

bones wherein an exostosis develops on bone surfaces. Finally, pelvic and 

vertebral segments are involved and the animal dies. 

Areal studies conducted at Auburn University School of Veterinary 

Medicine have shown a high incidence of the disease in the Central Ala¬ 

bama region which includes the Hickory Bend site where the dog find was 

made. 

A COMPUTERIZED METHOD FOR SITE SURVEY INFORMATION STORAGE 

AND RETRIEVAL 

Eugene M. Futato 

University of Alabama, University 

Computerization of archaeological site survey files would greatly 

increase the effiecient use of site survey information. The files could 

be quickly searched to locate sites conforming to a given set of geo¬ 

graphic or cultural factors. This would aid in identifying known sites 

threatened by construction projects. Also many types of demographic 

studies would be facilitated. 

A new site survey form has been complied to provide the types of in¬ 

formation necessary for an effective site survey program, and to provide 

the uniformity of data necessary to computerize the information. 

THE EDUCATION OF AN ELITE MALE IN YUCATAN DURING THE EARLY 

1900'S: A CASE IN CULTURE CONTEXT 

Asael T. Hansen 

University of Alabama, University 

The experiences of Senor X are taken as an example of a pattern of 

education, broadly defined, intended to prepare males of his class to 

carry out their anticipated adult roles. In due time, he was expected to 

manage extensive inherited agricultural enterprises (haciendas); to en¬ 

gage in urban business with international ramifications; to function pro¬ 

perly in his familial scheme, entering into a suitable marriage and be¬ 

coming a quite authoritarian father; to affiliate with Roman Catholicism 

though the actual practice of the cult might be relegated to his wife 

and children; and to participate as a full member in the life of the re¬ 

gional aristocracy. His sense of territorial belonging was supposed to 

center on the state of Yucatan, with his Mexican citizenship being an ac¬ 

cepted background fact. 

Fulfilling these prescriptions for adulthood required his learning 

four languages welt. Maya he had to know to deal with the Yucatec-speak- 

ing workers on the haciendas. English he would need for international 
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business. French could be of utility, but its main function was to mark 

him as a complete gentleman. And Spanish, of course, would be his langu¬ 

age for living and loving and relaxed sociability — for every occassion 

where other tongues were not demanded or preferred. He mastered all four 

in ways that are described in some detail. 

Other facets of his preparation for adult life are touched on more 

sketchily. Suffice it is to say that he married a barely acceptable 

Spanish American girl; a marriage which shook up his family and caused 

"tut-tuts" in Mdrida "society." Moreover, he came to prefer the New York 

area to all others as a place of permanent residence. At heart, he had 

developed into an expatriate. Practical consideration, however, forced 

Senor X to spend most of his grownup life back in Yucatan. His existence 

there was not too bad, according to his judgement as of about ten years 

after his settling down. He might be described as a quasi-exile, repatri¬ 

ated to his homeland and getting along all right with some stresses and 

strains. 

PRELIMINARY ARCHAEOLOGICAL INVESTIGATIONS IN RIO VERDE, 

SAN LUIS POTOSI, MEXICO 

Donald P. Heldman 

Department of Anthropology 

University of Alabama, Birmingham 

Archaeology of Rio Verde, located within the Sierra Madre Oriental 

midway between the lowland Huasteca on the east and the modem city of 

San Luis Potosi on the west, is often thought of as an extension of low¬ 

land Huastec culture. Excavations at La Manzanilla and Los Juzgados and 

extensive site surveys in the Rio Verde, San Ciro, and Rayon valleys in¬ 

dicate that the ancient inhabitants of Rio Verde were not Huastecs, but 

rather people from the El Tajin region and possibly Teotihuacan who mi¬ 

grated into Rio Verde c. A. D. 600 or earlier. Suggested dates for the 

Rio Verde occupation are c. A. D. 600-1200. 

Next to nothing is known of the early Classic phase in Rio Verde. 

During the late Classic phase in Rio Verde, a culture similar to that 

known for northern Vera Cruz produced artifacts similar to those known 

from El Tajin itself. Within approximately a century of the destruction 

of El Tajin, however, Rio Verde fell under strong influence of the low¬ 

land Huasteca of the early Postclassic Period (Las Flores V phase). That 

Huastec influence steadily increased from c. A. D. 1000-1200 can be seen 

in the material aspects of Rio Verde culture. All the same, Rio Verde 

culture evolved relatively undisturbed. 

OCCURRENCES OF PETROGLYPHS IN NORTHERN ALABAMA 

B. Bart Henson 

Alabama Archaeological Society 

Petroglyph sites, known to exist in most northern Alabama counties, 

are concentrated in hilly or mountainous areas of northwest Alabama, 

south of the Tennessee River. 
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These sites are usually located at bluff shelters situated on the 

first bench down from the plateau. In shelter sites the actual features 

are to be found on boulders under or immediately in front of the shelter. 

Petroglyphs are rarely found on plateau sites but in these instances 

bluff shelters are nearby and the features occupy a prominance with a 

commanding view of valleys and streams. 

It bcs been observed that the most elaborate petroglyphic expres¬ 

sions often occur in very small shelters-—implying little, if any, habi¬ 

tation. however, the ubiquitous conical hole which is generally believed 

to be a form of mortar, i.e., hominy hole, is also to be found in these 

small shelters. Dimensions of conical holes, their association with 

other petroglyphs, and the low probability, in many instances, of a habi¬ 

tation site rather suggest that these represent merely another form of 

petroglyphic thought expression. 

Paintings and petroglyphs are not known to occur together at the 

same site. However, some carefully executed petroglyphs have been ren¬ 

dered conspicuous by the application of red coloration, probably red 

ocher, which is still clearly discernible today. 

THE ALABAMA CULTURE AREA: A REGIONAL CULTURAL SUB-CLIMAX 

Harold A Huscher 

University of Georgia 

Athens, Georgia 

The culture area, culture climax concept developed by Wissler and 

Kroever and its necessary resultant, the age area principle, are the 

pre-requisites for serious three-dimensional space-time studies of cul¬ 

ture change. 

Archaeologically, the direct historical approach involves the ethno- 

historical identification of sites, then a working retrogressively, back¬ 

ward in time, through the antecedent levels. The result, however, has 

been all to often to isolate one single dominant unilinear causal factor, 

a determinist conclusion as fallacious in cultural genesis as it is fal¬ 

lacious in human genetics. 

Culture area and climax imply cultural marginality, hence cultural 

interaction at cultural contact zones, hence marginal or regional sub¬ 

climax areas. Geographic determinants, that is climatic and geomorpho- 

logical determinants, operate to set up regional cultural enclaves with 

distinctive attributes not reducible to single factor, causal-cluster ex¬ 

planation. Local (self-contained) causalities are always modified by ex¬ 

ternal contacts, external forces (historic accident) and the farther we 

trace back such causal sequences the greater the ramifications of the in¬ 

dependent variables. 

A systematic statement of three-term problems, problems of at least 

three independent variables in triadic relationships avoids the mislead¬ 

ing dichotomies of yes/no, true/false problems, and operates to force all 

questions into the "degree to wh-ch" frame. 
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THE WHEELER SERIES IN THE TENNESSEE VALLEY AND 

TOMBIGBEE BASIN 

Ned Jenkins, Jr. 

University of Alabama, University 

Recent archaeological research within the Tombigbee drainage and 

eastern Mississippi has added new data and subsequently has modified 

our interpretation of the Wheeler Series. It is hoped that these new 

data, along with a re-evaluation of the Tennessee Valley material will 

provide us with the opportunity to re-examine the Wheeler Series and 

ascertain its relation to the other fiber-tempered wares of the South¬ 

east. 

On the basis of present information, this author would like to 

propose the hypothesis that the ceramic sub-system defined as the 

Wheeler Series represents a limited movement of Stallings Island people 

from Southeast Georgia, along the Gulf Coast to the Pearl-Pascagoula 

River drainages around 1400 B.C. These people moved up the Pearl and 

Pascagoula rivers to interior East Mississippi and over to the Tombig¬ 

bee drainage. Some of these people then moved further up the Tombigbee 

to its headwaters and subsequently to the Western Tennessee Valley. 

The following points strengthen this hypothesis. A recent carbon- 

14 date on the Wheeler Series (1225 B.C.) at the mouth of the Pearl 

River gives us the Wheeler Series on the Gulf Coast probably close to 

its earliest inception, at a geographical point expedient for its move¬ 

ment into interior Mississippi and Alabama. Sites yielding Wheeler 

pottery have recently been found in East Mississippi and West Alabama. 

The Wheeler Series of the Tennessee are confined to the western portion 

of the valley. The people responsible for the introduction of this 

fiber-tempered pottery probably left the Stallings Island area at a 

time when the job-and-drag and incising modes were not in vogue. The 

dentate stamping found in the Wheeler Series is possibly a result of 

interaction between this group and the Bayou La Batre people. The 

flat-based cup found in the Wheeler Series is probably a result of in¬ 

teraction between these people and groups making St. Johns Ceramics. 

SOME DEVELOPMENTS IN ALABAMA ARCHAEOLOGY 

Carey B. Oakley 

Office of Archaeological Research 

University of Alabama, University 

Since January 1, 1973 the Office of Archaeological Research at the 

University of Alabama has conducted archaeological surveys of Gulf 

States properties. Sites have been recorded in eight counties through¬ 

out South and Central Alabama. These aboriginal occupational areas 

vary from intermittent camp sites to extensive village areas covering 

several acres. Temporally these sites range irom Late Archaic (3500 

B.C.) through Mississippian (A.D. 1700) with the majority related to 

the Woodland Period (1500 B.C. to A.D. 1000). In some respects this 

survey represents a new development in Alabama archaeology. In con¬ 

trast to other surveys, the Gulf States program is not strictly oriented 
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toward a salvage survey but instead represents an effort to record sites 

of archaeological or historical significance which may be excavated in 

a problem oriented setting. 

MOUNDVILLE: MULTIVARIATE ANALYSIS AND 

SETTLEMENT ORGANIZATION 

Christopher S. Peebles 

University of Windsor 

Windsor, Ontario, Canada 

Archaeological problems, and the methods used to solve these prob¬ 

lems, have changed over the last few years. Problems, questions, and 

hypotheses about social, political, economic, and religious organization 

are now being tested with archaeological data; questions about cultural 

stability and change and the process of adaptation attendant to these 

phenomena are also being brought to the archaeological record for answers. 

The increased breadth of archaeological vision has brought about a 

concominant change in archaeological methods. One of the major changes 

has been the inclusion of multivariate statistical methods in the archae¬ 

ologist's intellectual kit. This paper presents several of the multi¬ 

variate algorithms and models presently being used by archaeologists and 

these algorithms are tested on data excavated from the Moundville site 

by the Alabama Museum of Natural History during the 1930's. The results 

of a) both monothetic-divisive and polythetic-agglomerative cluster anal¬ 

ysis, b) "classical" factor analysis, and c) one-dimension scale analysis 

show clear patterning and covariation of artifact forms and the associa¬ 

tion of related artifact forms with certain areas of the site. Based on 

these analyses, hypotheses about the nature and function of the repetitive 

activities which produced these patterned artifact groupings are presented 

for future test. 

THE SELF-DECLARED AMERIND ANCESTRY IN A PREDOMINANTLY NEGRO 

HIGH SCHOOL IN TUSCALOOSA COUNTY, ALABAMA 

Margaret Z. Searcy 

University of Alabama, University 

The number of self-identified Indians living in Alabama according 

to the 1970 Census is 2,443. It is general knowledge that the proportion 

of persons possessing some Indian ancestry is far greater. In order to 

determine the amount of self-declared Indian ancestry present in the 

Negro population, a questionnaire was prepared and administered at Druid 

City High School, January 1973. Of the 302 students participating in 

the study, only four had not checked "Negro" as a racial identification 

on the 1970 Census. Many of the returns were inadequately answered and 

the results must be interpreted with this fact in mind. The degree of 

Indian ancestry, relatives or a reservation, tribal identity, Indian 

claims which had been filed, and the sex of the original progenitor were 

all items on the schedule. Of the respondents, 21% clearly identified 

Indian ancestry, 8% indicated Indian ancestry, 30% were uncertain or did 
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not know, and 40% showed no Indian ancestry. Of those claiming Indian 

heritage 48% declared an original female Indian progenitor, 18% male, 

10% both male and female, and 24% unknown. An analysis was made of 

possible historical, biological and socio-cultural reasons for this dis¬ 

tribution. 

Certainly the Census does not accurately reflect just how much In¬ 

dian genetic heritage is to be found submerged in the Negroid population 

in Alabama, usually that steming from an original female Indian progeni¬ 

tor. 

MIDDLE WOODLAND MORTUARY SYSTEMS IN THE TENNESSEE VALLEY 

John A. Walthall 

University of Alabama, University 

During the Middle Woodland period of Eastern United States prehis¬ 

tory, dating from 300 B.C. to A.D. 500, there was an immense increase in 

regional trade and culture contact. The genesis of this regional inter¬ 

action sphere was directly related to the development of certain local 

cultural systems, both in the Midwest and Southeast, which were associ¬ 

ated with the rise of the Ohio Hopewell culture. 

These highly complex cultural systems shared several important 

traits. Among these were the development of a more effective economic 

base, a rapid increase in population density, and an elaborate mortuary 

system centered around burial mound construction and exotic funerary 

goods. 

Stuart Struever, on the basis of archaeological work conducted in 

the Lower Illinois Valley, has suggested that the local Eastern North 

American cultures participating in this "Hopewellian Sphere of Interac¬ 

tion" were confined to the major river valleys. He has also stated that 

it appears that these Hopewell-related cultures were on a higher level 

of socio-economic complexity than contemporary marginal groups outside 

these more productive environmental areas. 

In the Middle Tennessee Valley a Hopewell-related culture developed 

during this Middle Woodland period. This cultural system, which has 

been named Copena, shared many of the important culture traits character¬ 

izing the Illinois and Ohio Hopewell manifestations. Utilizing data pre¬ 

viously obtained through several archaeological programs in the Middle 

Tennessee Valley area, Struever's hypothesis is tested for this South¬ 

eastern development. Mortuary customs characterizing the valley culture 

are compared with burial techniques of marginal cultures outside the val¬ 

ley proper. Although several environmental and cultural factors have to 

be considered, this author suggests that from the application of this 

model to this specific set of data, certain economic, social and politi¬ 

cal prerequisites appear to have been necessary for the integration of 

the Hopewell burial tradition into a given local cultural system. 
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AN ABORIGINAL QUARRY IN TALLAPOOSA COUNTY 

Amos J. Wright, Jr. 

Directorate for Management Information Systems 

U. S. Army Missile Command 

Huntsville, Alabama 

Quarrying activities were widespread among the aborigines within the 

present limits of the United States. Steatite quarries exist throughout 

the Appalachian mountains from New England to Alabama with the industry 

centered in western Virginia-North Carolina Piedmont Region. Vessels 

made from steatite were heat resistant and tough, but were heavy and dif¬ 

ficult to transport over long distances. Steatite quarries are concen¬ 

trated in the Piedmont Region of east central Alabama where outcrops 

along the Tallapoosa River are common. 

A steatite quarry used by the aborigines is located south of the 

Tallapoosa River in Tallapoosa County. A surface survey in July 1971 re¬ 

vealed several pits ten feet deep and broken vessels scattered across the 

ridge. Unfinished vessels having outside contour and lugs, but no cavity, 

had rolled down the slope and lay in the bed of a stream at the foot of 

the ridge. Most of the material quarried was probably transported by 

water to locations throughout south central Alabama and Georgia. 

ADDENDUM TO PHYSICS AND MATHEMATICS 

STRESS INVESTIGATION OF MATERIAL PROPERTIES BY HOLOGRAPHIC 

SPACIAL FILTERING TECHNIQUES 

Patrick N. Espy 

Marshall Space Flight Center, NASA 

Huntsville, Alabama 

Holographic spacial filtering techniques applied to the measurement 

of material changes under stress have been reported by several people. 

Some of these techniques yield quantitative and some qualitative results. 

Sometimes referred to as optical correlation, the methods provide remote, 

principally noninteracting observations. 

A study of material behavior as related to solder joints on printed 

circuit boards has been undertaken at Marshall Space Flight Center. Of 

particular interest is the nature of the fracture mechanism. Cycled 

stress induced into the joint either by mechanical or by thermal means 

can cause fractures even though the stress levels are significantly be¬ 

low the yield strength of the material. Optical correlation measure¬ 

ments indicating the presence of stress may provide a nondestructive 

test for assembled electronic components. 
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ADDENDA TO MEDICAL SCIENCES 

FRANK ALFRED KAY 

Emmett B. Carmichael 

Medical Center 

University of Alabama, Birmingham 

Frank Alfred Kay was born in Birmingham on July 18, 1899. He en¬ 

tered Birmingham Southern High School in 1913 without taking eighth 

grade classes. He enrolled at Birmingham-Southern College after three 

years of high school work. Following three years of premedical 

studies, he elected to enter the study of medicine. So without having 

a certificate of graduation from either grammar school, high school, or 

college, he enrolled as a freshman at the School of Medicine, Emory Uni¬ 

versity in the fall of 1918. He received the M.D. degree in 1922 with 

honors. Following his internship at Hillman Hospital in Birmingham, he 

accepted a residency at Bryce Hospital, Tuscaloosa, in 1923. Following 

the training period, Dr. Kay was appointed a resident physician and con¬ 

tinued on the staff of Bryce Hospital for the next 19 years. He was an 

associate in physiological chemistry, School of Medicine, University of 

Alabama, Tuscaloosa, 1935-1945. He was appointed Associate Professor of 

Medicine and Chairman of the Department of Psychiatry in 1945 at the 

Medical College of Alabama, Birmingham. In 1950 he was appointed Pro¬ 

fessor of Clinical Psychiatry. His research interests were quite varied 

and they resulted in 28 papers. He was honored by membership and fellow¬ 

ship in numerous medical and scientific societies. He served as Presi¬ 

dent of the Alabama Mental Health Association in 1943-1944, He was a 

Diplomat of the American Board of Psychiatry and Neurology. On October 

28, 1924, Dr. Kay married Miss Emily Venice Nesbitt of Birmingham. Two 

daughters were born to this union: Emily Patricia and Frances Alfred. 

Dr. Kay died on January 6, 1968 and was buried in Elmwood Cemetery, 

Birmingham, Alabama. 

CLAUDIUS HENRY MASTIN 

Emmett B. Carmichael 

Medical Center 

University of Alabama, Birmingham 

Claudius Henry Mastin was born on June 4, 1826, at Huntsville, Ala¬ 

bama. He attended Greenville Academy in Huntsville and attended the 

University of Virginia in 1844-1845. He read medicine with the reowned 

physician, Dr. John Y. Bassett of Huntsville. After about 18 months of 

study with Dr. Bassett, young Mastin enrolled in the Medical Department 

of the University of Pennsylvania on September 5, 1847 and received the 

M.D. degree on April 7, 1849. In 1861, Dr. Mastin entered the service 

of the Confederate States as Volunteer Surgeon on the staff of General 

Bragg but was immediately commissioned as Surgeon of the Confederate 

States Army and ordered to Manassas Junction as Surgeon of that Post. 

He was transferred to the staff of General Polk in 1862; and following 

the Battle of Shiloh, he was transferred to the staff of General Beaure- 
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gard as Medical Inspector of the Army of Mississippi, a position he held 

until the end of the War. He entered the private practice of surgery in 

Mobile after the war. He was a conservative surgeon and recognized the 

necessity of cleanliness in surgery long before Lister's aseptic surgi¬ 

cal techniques appeared in 1879. His literary efforts were confined to 

some 30 articles in medical journals. He was one of the founders of the 

American Genito-Urinary Association and the Southern Surgical and Gyneco 

logical Association. He was honored with the LL.D. degree from the Uni¬ 

versity of Pennsylvania in 1874. He was an original Fellow of the Ameri 

can Surgical Association and served as its first Vice President in 1889 

and President in 1890-1891. He was President of the American Genito-Uri 

nary Association 1895-1896. Dr. Mastin died on October 3, 1898 and was 

buried in Maple Hill Cemetery, Huntsville, Alabama. 

BLOOD AMYLASE DETERMINATION USING AMYLOSE SOLUTION 

AND SUMNER'S SUGAR REAGENT 

Alan Hisey and William Daniel Warren 

University of Alabama, University 

The stable 5% amylose stock substrate solution was that of Frid- 

handler, Bark, and Veda [Clinical Chemistry, L/^, 423 (1971)] using amyl¬ 

ose (from ICN - K & K) dissolved in dimethylsulfoxide. The daily 1% 

working substrate was made by diluting the stock solution with 0.85% 

sodium chloride solution. Sumner's reagent [j. Biol. Chem. 62, 2 

(1924)] is a strongly alkaline solution of 3,5-<linitrosalicylic acid 

which forms a red color when heated with a reducing sugar. Since no 

precipitate is formed the determination can be made directly on the 

serum thereby eliminating the need of a filtrate. A blank must always 

be run and used to set the spectrophotometer to zero. Because of a 

slight turbidity the tubes must be centrifuged for three minutes before 

being read. The incubation period is ten minutes and the color develop¬ 

ment requires another ten minutes. Good agreement was found with 

Somogyi's saccharogenic method on serum samples "spiked" with pancreatin 

solution. 
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MINUTES 

ANNUAL BUSINESS MEETING 

University of Alabama, Huntsville 

April 7, 1973 

After Dr. Holliman's scientific lecture, the meeting was called to 

order by President Thomas at 12:06 P.M. A motion was made by Dr. Thomas 

and seconded by Dr. Furman that the minutes be adopted. 

REPORT OF THE SECRETARY (Tom Denton): 

Total membership for October 14, 1972 . 845 

Additions: 

New members, October 14, 1972 to April 5, 1973 . 76 

Reinstated members, October 14, 1972 to April 5, 1973. ... 14 

Honorary members.  1 

Total additions. 91 

Losses: 

Resigned or dropped, October 14, 1972 to April 5, 1973 ... 20 

Deceased.  3 

Total losses. 23 

Net gain. 68 

Total membership for April 5, 1973. 913 

REPORT OF THE TREASURER (Hoyt Kaylor): 

RECEIPTS ACTUAL ESTIMATED 

Membership dues $ 3,461.00 $ 4,200.00 

Annual meeting 558.50 1,000.00 

Research grants (AAAS support) 200.00 200.00 

Industry contributions to AJAS Humanities 

Symposium 2,175.00 2,300.00 

Total new receipts for the year 6,394.50 $ 7,700.00 

Transfer of Academy account from Huntsville 

Checking account transfer 1,524.74 

Savings account transfer 15,793.54 

Total receipts $23,712.78 

EXPENDITURES ACTUAL BUDGET 

Publication of Journal 

Printing (5 issues) $ 2,025.00 $ 5,600.00 

Honoraria for Editor 500.00 800.00 

Typing of Journal copy 537.88 450.00 

Assistance to AJAS 

Support 250.00 

Individual contrb. to Humanities Symp. 1,800.00 2,175.00 

Student awards - 165.00 

Research grants 350.00 400.00 
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EXPENDITURES 

Annual meetings 

ACTUAL BUDGET 

Expenses net - 250.00 

Programs 570.54 350.00 

Academy of Science Award 100.00 150.00 

Speakers, officers expenses, etc. - 200.00 

Academy of Science assessments 

Operating expenses 

17.50 20.00 

Office of the President - 125.00 

Office of the Secretary 420.86 600.00 

Office of the Treasurer 191.20 250.00 

Office of the Editor-Newsletter 8.79 50.00 

Office of Coordinator of Science Fairs 150.00 150.00 

Office of Counselor AJAS - - 

Public Relations Committee - 100.00 

Supplies - 200.00 

Newsletter 94.00 200.00 

Chairman, Membership Committee - 150.00 

Vice-Presidents (11 x $20.00) 39.00 220.00 

Refund on overpayment of dues 7.00 - 

Net expenditures for the year $ 6,811.77 $12,855.00 

Established new checking account-Birmingham 1,524.74 

Purchase of Certificate of Deposit 7,500.00 

Purchase of Saving Certificate 4,000.00 

Opening of Passbook Savings Account 4,000.00 

Total expenditures $23,836.51 

Balance in Checking Account 12-31-71 902.46 

Total receipts 23,712.78 

Total expenditures -23,836.51 

Balance in Checking Account 12-31-72 778.73 

First National Bank, Birmingham, Al., Certificate of Deposit 

Issued 7-12-72 Value on issue $ 7,500.00 

Value 12-31-72 7,714.45 

Jefferson Federal Savings and Loan Association, Birmingham, Al., Savings 

Certificate 

Issued 10-10-72 Value on issue $ 4,000.00 

Value on 12-31-72 4,051.75 

Jefferson Federal Savings and Loan Association, Birmingham, Al., Passbook 

Savings 

Estb. 10-10-72 Initial deposit $ 4,000.00 

Interest received 12-31 45.25 

Value 12-31-72 4,045.25 

REPORT OF THE AUDITOR (Dan Holliman): 

"The auditing committee has examined the treasurer's book and re¬ 

ports, and finds them in order." 
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REPORT OF THE COMMITTEE ON THE PLACE OF MEETING (Robert Bauman): 

"The meeting for 1974 has been scheduled at the University of Ala¬ 

bama in Birmingham for April 5-6. Dr. Geraldine Emerson has been named 

Chairman of Local Arrangements and Dr. John H. Young, Local Counselor 

for the Junior Academy. 

The meeting for 1975 is scheduled for Auburn University for April 

4-5 or April 11-12; a recommendation from Auburn for a choice of dates 

is expected soon. . ." 

REPORT OF THE RESOLUTIONS COMMITTEE (Richard Couch): 

"WHEREAS, the Alabama Academy of Science has held its Fiftieth An¬ 

nual Meeting at the University of Alabama in Huntsville and has enjoyed 

the hospitality of the University, therefore: 

BE IT RESOLVED that the Academy express its gratitude to Dr. 

Benjamin B. Graves, President of the University of Alabama in 

Huntsville; to Dr. Richard D. Morrison, President of Alabama 

A 6 M University; and to Major General Edwin I. Donley, Com¬ 

mander U. S. Army Missile Command who jointly hosted the Academy 

meeting this year. To Dr. William I. Arendale, General Chairman 

and Coordinator of this year's meeting; and to his co-chairmen. 

Dr. Howard Foster (posthumous citation) and Dr. Oskar Essenwanger: 
to Dr. Curtis Adams, chairman of the Junior Academy arrangements, 

and Dr. Francis Roberts, chairman of Gorgas Foundation arrange¬ 

ments; to the Faculty and Staff of the University of Alabama in 

Huntsville; and to all others who contributed to the success of 

the meeting, we the Academy members wish to say thanks for a job 

well done. 

BE IT FURTHER RESOLVED that the Academy express its gratitude to 

the Sargent-Welch Company for its continued support of the annual 

banquet. 

BE IT FURTHER RESOLVED that the Academy express its appreciation 

and gratitude to those who retire from leadership this year; es¬ 

pecially Dr. Joeseph Thomas, President; Dr. Tom Denton, Secretary; 

and Dr. Robert Bauman, Associate Counselor of Junior Academy af¬ 

fairs . 

BE IT FURTHER RESOLVED that the Academy express its appreciation 

to Dr. Ruric Wheeler and to Dr. Dan Holliman for their presen¬ 

tations to Academy membership and guests. 

BE IT FURTHER RESOLVED that the Academy express its appreciation 

to AD HOC Committee members Drs. James Welker, Emmett Carmichael, 

and G. 0. Spencer for their actions and activities devoted toward 

recognizing the fortieth (40) anniversary of the Alabama Junior 

Academy of Science. 

"WHEREAS, during the past year the Alabama Academy of Science has 

lost one of its members through death, therefore: 
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BE IT RESOLVED that the Academy extend its sympathy to the family 

of Dr. Howard Foster. 

BE IT FURTHER RESOLVED that an appropriate letter together with 

a copy of this resolution be sent by the Secretary of the Academy 

to the family of Dr. Foster." 

REPORT OF THE RESEARCH COMMITTEE (John W. Holland): 

The Research Committee reported that research grants in the amount 

of $150.00 were awarded to Cailup C. Curren and under-graduate research 

awards in the amount of $35.00 each were awarded to Michael Mullen and 

Sherril Lynn Schnipp respectively. 

REPORT OF THE NOMINATING COMMITTEE (James C. Wilkes): 

Elective Officers 

President: Robert Gudauskas (term 1973-1974) 

President-elect: Reuben Boozer (term 1973-1974) 

Secretary: Danice Costes (term 1973-1974) 

Associate Counselor, AJAS: Faye Wells (term 1973-1976) 

Trustees: William J. Barrett (term 1973-1976) 

Emmett Carmichael (term 1973-1976) 

Howard Carr (term 1973-1976) 

G. 0. Spencer (term 1973-1976) 

Section Officers 

1. Biological Sciences 

Vice-President: Kenneth Landers 

Vice-Chairman: Ellen McLaughlin 

2. Chemistry 

Vice-President: Samuel P. McManus 

Vice-Chairman: Robert Head 

3. Geology 

Vice-President: Ronald S. Taylor 

Vice-Chairman: Robert B. Cook 

4. Forestry, Geography, and Conservation 

Vice-President: John Hinton 

Vice-Chairman: Frank Himmler 

260 



Journal of the Alabama Academy of Science 

5. Physics and Mathematics 

Vice-President: Oskar Essenwanger 

Vice-Chairman: David Agresti 

6. Industry and Economics 

Vice-President: W. Jack Duncan 

Vice-Chairman: Max L. Densmore 

7. Science Education 

Vice-President: Myrtle Alexander 

Vice-Chairman: Hollis Fenn 

8. Social Sciences 

Vice-President: Virgil S. Davis 

Vice-Chairman: George C. Whatley 

9. Medical Sciences 

Vice-President: Alan Hisey 

Vice-Chairman: William Wingo 

Sarah Finley 

0. Engineering 

Vice-President: Thomas L. Cost 

Vice-Chairman: James Hood 

1. Anthropology 

Vice-President: Helen Mabry 

Vice-Chairman: Carey B. Oakley 

REPORT OF THE CHAIRMAN FOR REGIONAL SCIENCE FAIRS (G. Twellmeyer): 

"Standing Committee on Regional Science Fairs held its annual meet¬ 

ing at the Sheraton Motor Inn in Huntsville, Room 100, April 5, 1973, at 

4:00 P.M. and adjourned at 6:00 P.M. 

The seven Regional Science Fairs of Alabama with their respective 

Coordinators and Coordinating Institutions are as follows: 

Central Region: Ben B. Chastain, Samford University 

Mobile Region: G. 0. Twellmeyer, Spring Hill College 

Northern Region: James D. Moebes, University of Alabama in Huntsville 

Northeastern Region: Clyde J. McSpadden, Jacksonville State Univ. 

Northwestern Region: Hollis C. Fenn, Florence State University 

Southern Region: William Norman, Troy State University 

Western Region: James L. Nisbit, University of Alabama, University 
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All seven regions held Science Fairs and all with the exception of 

the Southern Region will send finalists to the International Science and 

Engineering Fair to be held in San Diego, California, May 6-12. Hotel 

and plane reservations have been made for the entire delegation from 

Alabama. Adult companions for the finalists will be Dr. Ben Chastain 

from the Central Region, Mrs. R. L. Crawford, Jr., from the Mobile 

Region and Rev. G. 0. Twellmeyer will go as State Coordinator and third 

companion. 

Dates set by the Science Fair Committee for the Regional Fairs for 

the next five years are as follows: 

1974 Easter-April 14 

1975 Easter-March 30 

1976 Easter-April 18 

1977 Easter-April 10 

1978 Easter-March 26 

Fair Date-March 21-23 

Fair Date-March 20-22 

Fair Date-March 25-27 

Fair Date-March 24-26 

Fair Date-March 30-31 

April 1 

By letter of March 16 a request was made to Dr. Harry M. Philpott, 

President of Auburn University, to consider the coordination of a 

Regional Science Fair to fill the lacuna in the Auburn-Montgomery area 

that is presently not being served by other fairs. If favorable action 

is received from Dr. Philpott this will become the Eastern Alabama 

Regional Science Fair and will be held either on the campus of Auburn or 

the Montgomery Campus of Auburn University. The entire State will then 

be covered, giving all students an opportunity to participate in Regional 

Fairs and the International Science and Engineering Fair. Dr. Philpott 

sent Dr. Michael Freidman to Mobile during the time of the fair. Dr. 

Philpott, by letter of April 4, has expressed the interest of the Univer¬ 

sity in assuming this responsibility. 

The Regional Science Fair Committee at its meeting of April 5, 1973, 

at 4 P.M., recommends to the Executive Committee that it establish the 

Eastern Alabama Regional Science Fair in the Auburn-Montgomery area with 

Auburn University as Coordinating Institution. Committee of Regional 

Science Fairs of the AAS moves that the Academy acknowledge its sponsor¬ 

ship of Regional Fairs of Alabama on the part of its program of its 

annual meeting. 

AJAS awards were then announced by Dr. James D. Welker. Finalists 

representing the six Regional Fairs of Alabama at the ISEF are: 

Central Region: Michael W. Fountain, Dennis C. Gowins 

Mobile Region: Julie Gardner, Bruce Kirklewski 

Northern Region: Jann Davis, Ray Paul Richards 

Northeastern Region: Shelia Jane Whisenant, Kenneth A. Armbrester 

Northwestern Region: Mike M^rks, Mlliam Wilkinson 

Western Region: Larry Bates, Terry Carlson 

First Place "Outstanding Science Teacher Award" went to Dean McMinn, 

Austin High School, and second place went to Joe Smith, Jacksonville, Al., 

and Ibbie Bradford, Huntsville, Al. 

262 



Journal of the Alabama Academy of Science 

Dr. Carmichael presented the Gorgas Awards: 

"The Gorgas Scholarship Foundation announced today that it has sel¬ 

ected the scholarship winners in the 1973 Science Talent Search. The 

search was held at the meeting of the Alabama Academy of Science at the 

University of Alabama in Huntsville. The winners are: 

First Award: Gregory William Cotter, 1110 Drake Ave., S.E., Huntsville, 

from Virgil I. Grissom High School. Teacher, Ms. Barbara S. Askins. 

Second Award: Gregory Floyd Cooper, 1318 Bonita Ave., Brewton, from 

T. R. Miller High School. Teacher, Mr. Jim W. Bailey. 

Third Award: Michael Edward Marks, 410 Louise Street, Florence, from 

Bradshaw High School. Teacher, Ms. Mary Nell Gonce. 

Fourth Award: Jeffery Paul Sellers, P.0. Box 67, Cottonwood, from Cotton¬ 

wood High School. Teacher, Ms. Phyllis Walch. 

Alternates are: 

First: Vickie Ann Gothard, 602 8th St., S.W., Decatur, from Austin High 

School. Teacher, Mr. M. Dean McMinn. 

Second: William Brooks Wilkinson, 251 Roosevelt Dr., Florence, from 

Bradshaw High School. Teacher, Ms. Mary Nell Gonce. 

Third: Marcia Cherry1 Sneed, Route 1, Box 204, Tuskegee, from Tuskegee 

High School. Teacher, Ms. Harriette W. Jeffries. 

Fourth: Lynn Olivia Oliver, 505 Nell St., S.W., Decatur, from Austin High 

School. Teacher, Mr. M. Dean McMinn. 

Fifth: Jay Michael Davis, Route 5, Box 60, Decatur, from Austin High 

School. Teacher, Mr. M. Dean McMinn. 

The scholarships each consist of college tuition for four years plus 

a cash award. The Gorgas Foundation is named for General William Crawford 

Gorgas, the Alabama physician who conquered yellow fever in the Panama 

Canal Zone while serving as Surgeon General of the U. S. Army. The pur¬ 

poses of the Foundation are to promote interest in science and to aid in 

the education of promising students." 

At this juncture, Dr. Thomas turned over the duties of his office to 

Dr. Robert Gudauskas. Dr. Gudauskas adjourned the meeting at 12:45 P.M. 
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Collar Breeding Method for the Mongolian Gerbil 

MODIFICATION OF THE COLLAR BREEDING METHOD FOR USE WITH THE 

MONGOLIAN GERBIL (MERIONES UNGUICULATUS) 

Barbara K. Newton and John S. McKibben 

Department of Veterinary Anatomy and Histology 

Auburn University, Auburn, Alabama 

ABSTRACT 

A system utilizing the "collar" breeding method frequently employed 

for polygamous chinchilla breeding was applied to the Mongolian gerbil. 

A collar was placed around the neck of the female, thereby preventing 

her from moving through the small passages connecting cage compartments. 

Thus, the female was confined to an individual cage, whereas the non- 

collared male was allowed free passage between compartments. Using this 

technique, a polygamous breeding ratio of 1 male to 4 females was estab¬ 

lished. Since females were separated, death losses resulting from two 

or more females "ganging up" on a male were eliminated. This type of 

polygamous breeding reduced the number of males required to produce off¬ 

spring and eliminated the labor involved in transferring females indi¬ 

vidually to a male for breeding. Fewer cages, fewer animals, and less 

labor were required to produce postpartem conceptions, average litter 

size, and number of gerbils weaned that were comparable to those reported 

previously with monogamous breeding methods. 

INTRODUCTION 

The gerbil is a small rodent which has been successfully employed 

as a research animal. Fourteen genera of gerbils (Allanson, 1970) in¬ 

clude over 300 species (Rich, 1968). The Mongolian gerbil (Meriones 

unguiaulatus) is used most frequently by American investigators and was 

utilized in the present study. 

Scientists studying the gerbil often refer to its monogamous breed¬ 

ing habits. Publications pertaining to the establishment of gerbil 

colonies and methods of gerbil husbandry mention monogamous pairing as 

the way to group breeding stock. According to Meckley and Ginther 

(1972c), the gerbil is monogamous and for best results must be maintained 

in pairs. Schwentker (1963) reported that older females that have lost 

their mates will usually not accept another. Monogamous pairing has 

been adopted to prevent an adult female not in estrus from attacking the 

male (Jansen, 1968). Females are quite vicious in their attacks and 

males may be killed or severely injured when uncompatible adults are 

paired. Best breeding results were obtained according to Allanson (1970) 

when gerbils were paired at 6 to 12 weeks and never separated thereafter. 

Successful monogamous breeding also was accomplished by introducing dif¬ 

ferent females into the male's cage after each mating (Marston and Chang, 

1965). When several mature females were introduced to a mature male's 

cage, the male was generally bullied to death. Bland (1969) found while 

studying the Indian gerbil that a single male and female usually settled 

down together peacefully, whereas the introduction of another animal of 

either sex usually aroused aggression. Introduction of a strange female 

aroused aggression from either of the resident pair, or she was accepted 
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without even the occurrence of stomping. However, vaginal smears reveal¬ 

ed that in the latter case only the resident female received the sexual 

attention of the male. The male was monogamous. One report (Naftali 

and Wolf, 1955) described successful bigamous mating among three Tris¬ 

tram's gerbils kept together in a single cage. This was a brother-sis¬ 

ter-sister combination and the gerbils had never been separated. 

The objective of the present study was to ascertain whether a polyg¬ 

amous collar breeding method could be adapted to gerbils. Polygamous 

collar breeding methods are frequently used commercially in chinchilla 

breeding (Weir, 1970) and a modification of these methods was used by 

Belcic and Weihe (1967) to breed Chinese hamsters. Use of this method 

with gerbils would decrease the number of males required to produce off¬ 

spring while at the same time eliminate the possibilty of any two ger¬ 

bils "ganging up" on a third. The labor involved when females are trans¬ 

ferred individually to a male for breeding would also be eliminated. 

MATERIALS AND METHODS 

In the polygamous breeding system employed in this study, females 

were confined to a limited area by collars which prevented their escape 

through a small opening. The male without a collar was free to enter an> 

area of the cage. 

The collars for our breeding system were made from an aluminum rod 

(0.6 cm in diameter) and each weighed about 6.5 g. The rod was bent intc 

a spiral with an inside diameter of 2.1 cm and cut into individual rings. 

Each ring was opened enough to permit passage over the gerbil's head af¬ 

ter which it was tightened around the neck (Fig. 1). The diameter of the 

FIGURE 1. Gerbil wearing aluminum collar. 
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collar prevented the female from passing through the passages between 

cage compartments, whereas the uncollared male could go through the pas¬ 

sages and enter all compartments. 

Cage 1 (Fig. 2) was constructed to provide four individual compart¬ 

ments. The compartments, each measuring 34.5 cm long x 17.5 cm wide x 

18 cm deep, were joined with short segments of metal pipe, 2.8 cm inside 

diameter, placed at the appropriate lower corners of the cages 2.5 cm 

from the bottom of each compartment. The pipes formed the passage con¬ 

necting the various compartments and held the compartments together as 

a single unit. One "collared" female was placed in each compartment and 

the male was free to settle with any one female or move from one to an¬ 

other. The five animals in this cage were selected from a community 

cage containing males and females of various ages. 

Cage 2 (Figs. 3 and 4) was constructed later to improve the origin¬ 

al cage design. It was constructed by securing hardware cloth partitions 

in a single large cage, 62 cm long x 35 cm wide x 18 cm deep, to make 

five compartments. Metal washers (inside diameter 2.8 cm) were wired to 

precut holes in the partitions to provide smooth, uniform passages be¬ 

tween cage compartments. The passages were positioned 6 cm above the 

cage floor. 

The animals for cage 2 came from three unassociated small groups of 

adult gerbils. The four females came from two groups which consisted of 

two females and one male per group. The male came from an established 

pair of gerbils. The male was placed into a used rat mailing carton and 

34.5cm 

■---V f 

1 1 4 

l I 4 r / 
f rm|\ 

2 

JL inside diameter 
Ut of pipe =2.8cm 

3 

' >_ 

FIGURE 2. Cage 1 with four individual compartments. 
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FIGURE 3. Cage 2 with five individual compartments. 

FIGURE 4. Cage 2 with five individual compartments (oblique view). 
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the four females were then placed one by one into the carton with the 

male. When all five gerbils were moving peacefully about the carton, 

they were placed individually in the five compartments of cage 2. 

The gerbils were observed at least once a day for 7 months. For 

each female the following data were recorded: number of litters, dates 

of parturition, number of young per litter, number of young weaned per 

litter, and the cause of death of young if known. Reasons for removal 

of adults from the study were also noted. 

RESULTS AND DISCUSSION 

Each male mated with more than one female, indicating that he was 

not monogamous. Six of the eight females in cages 1 and 2 produced a 

total of 60 young (Tables 1 and 2). Ten litters were conceived in the 

cages during the study. The two females not producing young died during 

the study. 

Of the 6 second or third litters produced, four were conceived dur¬ 

ing a postpartum estrus. The other litters conceived during a postpart¬ 

um estrus were born 35, 36, and 41 days following the previous parturi¬ 

tion indicating delayed implantation. In other studies (Schwentker, 

1963; Marston and Chang, 1965; Meckley and Ginther, 1972b) approximately 

50-60% of females became pregnant during the postpartum estrus. Ovula¬ 

tion and mating do not occur again during lactation after the postpartum 

estrus (Allanson, 1970; Meckley and Ginther, 1972a). In our study, a 

litter was born to gerbil 3 of cage 1 only 25 days after the previous 

parturition date; the previous litter had been lost 4 days postpartum. 

The average size of litters conceived in both cages combined was 

5.1. This is similar to the average obtained in monogamous studies. 

Average litter size is given as 4.8 by Nakai et al. (1960), 4.1 by 

Schwentker (1963), 6 by Kramer (1964), and 4.5 by Marston and Chang 

(1965). Sixteen (57%) of the 28 young born in cage 1 survived to weaning 

age. Seventeen (53%) of the 32 young from cage 2 reached weaning age. 

This is lower than the 66.2% successfully weaned in an earlier study by 

Marston and Chang (1965). However, they noted a tendency for mothers 

rearing their first and second litters to wean fewer litters (56% and 

64%, respectively). Using conventional breeding methods, Meckley and 

Ginther (1972b) found that out of 48 pairs of gerbils established for an 

experiment, 14 pairs (29%) had to be replaced because females failed to 

nurse the litter or because the female or male killed the litter. Ac¬ 

cording to Allanson (1970), the gerbil mother usually consumes all of the 

placental debris and stillborn fetuses, but Mongolian gerbils do not as 

a rule devour young which die after birth. In contrast, cannibalism is 

frequent among Indian gerbils (Tatera indica). In Bland's study (1969), 

eight of 24 litters born were eaten by the parents within 4 days of birth. 

In our study, cannibalism was involved in 5 out of 12 litters born and 

in 55% of the deaths in the young. In the present study, it was not 

known whether viable young were involved in cases of cannibalism. 

Several problems were encountered in our study when attempting to 

modify the collar breeding method for the gerbil. The aluminum-rod 
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collar served to confine the females to their compartments; however, it 

had two disadvantages: Once the collar was in place it was difficult to 

remove, and some of the animals developed sore areas under the collars. 

The latter problem seemed to be influenced by the activity of the gerbil 

wearing the collar; i.e., individuals that constantly attempted to move 

through the passages or burrow at the corners of the cage were more prone 

to development of these sores. Chinchilla breeders commonly use light 

metal or plastic rings which snap in place around the animal's neck. The 

relatively large head of the chinchilla in comparison to its neck size 

makes the collar design fairly simple, but a gerbil's head and neck dif¬ 

fer only slightly in diameter. Therefore, the collar must fit closely 

on the neck of the gerbil to prevent it from slipping over the head. In 

Belcic and Weihe's (1967) study in which the collar method was used for 

breeding Chinese hamsters, collars were made by joining two half-rings 

of plastic at small holes in the ends to form a jointed ring. This al¬ 

lowed the ring to open wide and later be closed with a fine wire. Holes 

drilled in the ring reduced its weight to less than 400 mg. This collar 

which appeared to be easily affixed and removed was worn continuously for 

many months without any apparent harm to the hamster. We constructed 

similar plastic collars weighing approximately 2 g (Fig. 5) from plastic 

milk bottle caps; these were unsuccessfully employed in our breeding 

cages. The lightweight plastic was sometimes chewed off by the gerbils 

and marked neck irritation occurred under some collars. A more suitable 

collar is being developed. 

Cage construction appears to be an important factor in the success 

of polygamous breeding of gerbils. The 4-compartment cage 1 (Fig. 2) 

had certain faults in construction. It did not provide a centrally lo¬ 

cated compartment for the male to which he could retreat and be isolated 

273 



Collar Breeding Method for the Mongolian Gerbil 

from all of the females. The pipe passages were not firmly attached in 

cage 1 and tended to slip out when the cage was moved even slightly. 

Since the pipes were the only connections between the 4 compartments, a 

very unstable structure resulted. This instability contributed to the 

loss of a litter of four 4-day-old gerbils when a pipe came loose one 

night. The mother escaped and another female entered the compartment 

with the litter. All four young were partially eaten. The mother was 

recaptured and returned to her compartment after repairs had been made. 

Another defect in cage design was the short distance between the floor 

and the pipes. This allowed young that were not old enough to care for 

themselves to escape from their compartments. 

The 5-compartment cage 2 (Figs. 3 and 4) was designed to correct the 

problems encountered in cage 1. A centrally located compartment was pro¬ 

vided for the male. Being constructed from a single unit, this cage was 

sturdy and prevented collared females from escaping through displaced 

passages. The passages in this cage were placed higher than previously. 

The young could still escape, but not at such an early age and, when nec¬ 

essary, these passages could be easily closed with a piece of hardware 

cloth hung from the wire partition. 

As many other investigators have shown, introducing strange adult 

gerbils can be a problem (Schwentker, 1963; Marston and Chang, 1965; 

Jansen, 1968; Bland, 1969; Allanson, 1970). However, aggression in es¬ 

tablished groups is generally low and several gerbils can be housed to¬ 

gether. According to Eisenberg (1967), the Mongolian gerbil is a "con¬ 

tact" seeker. Isolation tends to increase aggression which, according to 

Thiessen (1968) explains the notion that gerbils are monogamous. Aggres¬ 

sion may increase enough to disrupt reproduction after only a short per¬ 

iod of isolation. 

Territorial marking in relation to the midventral sebaceous scent 

gland has been studied by Thiessen et al. (1968). This gland is under 

androgen-level control and marking activity is about twice as frequent 

in the male as in the female. Territorial marking should be kept in mind 

when introducing strange gerbils; introduction may be facilitated if the 

animals are placed in a territory new to each of them. In this study, 

the used rat mailing carton was selected as a site for acquainting the 

adult gerbils. This eliminated any marked territories that may have been 

established in cages previously used by the gerbils. The strong scent 

associated with the carton may have limited the role that the sense of 

smell plays in aggression displayed toward strange adults. 

Marston and Chang (1965) claimed that, although fighting could be a 

problem when setting up mating groups, once the group was established 

there was never any recurrence of fighting. Gerbil 1 of cage 2 died 16 

days after establishment of this group apparently from fight wounds in¬ 

flicted by the male; he was unharmed. The reason for this unexpected be¬ 

havior was not known. 

Problems encountered in introducing strange adults can be reduced 

by selecting members of groups from large community cages in which the 

animals have been living together. This was done for the animals in 
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cage 1. If it is necessary to replace a gerbil, caution should be used 

and preferably all of the animals should be moved to a cage new to the 

whole group. 

CONCLUSIONS 

It has been shown that gerbils can be propagated using the polyga¬ 

mous "collar" breeding method. The number of postpartum conceptions, 

litter size, and gerbils weaned compared favorably with previous studies 

employing monogamous breeding methods. Fewer cages, fewer animals, and 

less labor were employed in the present method, thereby, making this a 

more economical method for laboratory breeding colonies. 

The metal collar worn by females confined them to one compartment, 

and generally was tolerated well. This collar, however, is felt to be 

too heavy and is difficult to remove after being placed on the female's 

neck. The plastic collar was irritating to the neck and often chewed 

off. Of the two cage designs, cage 2 was felt to be superior. It was 

sturdier, easy to move about, had a 5th compartment to allow escape of 

the male should he be attacked, and had higher passages between compart¬ 

ments, thereby confining young until they could fend for themselves. 

Continued studies are being conducted to refine this technique of 

polygamous breeding. 
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AUGUST BEBEL'S STRUGGLE AGAINST PRUSSIAN MILITARISM IN 

THE FRANCO-PRUSSIAN WAR 
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August Bebel (1840-1913), one of the two founders of the German 

Social Democratic Workers' Party, was less a champion of the democratic 

republic (fveier Volksstaat) than a foe of "autocratic" and "militarist" 

Prussia. Indeed there is little in Bebel's career before the Franco- 

Prussian War that would corroborate the East German thesis that he was 

evolving into a champion of the forcible establishment of socialism by 

the proletariat. 

While it is true that as of 1869 Bebel had already become a disciple 

of the Marxian school of the class struggle, he was loath to push the 

logic of Marx and Engels to extremist conclusions. He would not concede 

that a people's democracy could only be founded on the ruins of the class 

state. Rather he inclined to the view, in consonance with the historic¬ 

ally docile role of the German bourgeoisie, that the best road to popu¬ 

lar sovereignty was "the gradual abolition of private enterprise through 

legislation."1 A violent revolution would only become a possibility if 

the ruling classes were completely adamant in opposing the just demands 

of the masses." Then they might be goaded to rebellion. 

By 1871 Bismarck's remarkable successes had come to be like a 

rock that barred the road to the forcible conquest of power by the pro¬ 

letariat. A realization of this, aggravated by the circumstance that 

the embryonic workers' movement was split between Eisenachers and Las- 

salleans, the latter of whom were themselves trisected, compelled Bebel 

to restrict his assaults upon Prussian militarism to oratory and arti¬ 

cles. Inasmuch as practically nobody in Germany any longer believed in 

the gospel of violent revolution that was constantly on the lips of 

Wilhelm Liebknecht (1826-1900), the other co-founder of the Eisenach 

Social Democratic Party, Bebel soon came to see that the overthrow of 

the Hohenzollern monarchy and the dissolution of the Reich vastly ex¬ 

ceeded his capabilities. 

Nevertheless, Bebel's legal indictment of Prussian militarism and 

the class state ultimately yielded substantial dividends for the masses. 

In the degree that he employed the war guilt issue and the annexation 

of Alsace-Lorraine to discredit Prussia in the eyes of the nation, Bebel 

laid the foundation for a united workers' movement that was destined to 

be a major force in German politics. With his Philippics against 

Bismarck and strictures against "sham constitutionalism," Bebel set his 

hand to what was to become his life's work. This was to be the organ¬ 

izing and marshalling of the masses to achieve absolute parlimentary 

democracy. This in turn would enable the Socialist party to build mul¬ 

ti-party legislative majorities by means of which it would be possible 

to blunt the sharp beak of Prussian militarism and soften the harsh con¬ 

tours of German society. 
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During the Franco-Prussian War Bebel's policy was conditioned by 

the democratic methods he had employed in opposing the Prussian govern¬ 

ment and the North German Confederation, as well as by the hybrid na¬ 

ture of the movement he had co-founded. As early as April 10, 1867 

Bebel had declared in the Reichstag of the North German Confederation 

that Prussia had destroyed the last vestiges of German freedom and that 

Bismarck's whole aim had been merely to strengthen Hohenzollern, i.e., 

Prussian, dynastic power {Hausmaoht). 3 To Bebel the Confederation was 

only an enlarged Prussia "surrounded by a shoal of vassal states whose 

governments are nothing more than satrapies of the Prussian crown."1* 

Despite the vigor of his attacks upon Prussia,5 Bebel neither then nor 

later harbored any plans or even clear ideas about "making a revolution."6 

Nor did he, as Marxist historians assert, create at Eisenach in August 

1869 "an independent revolutionary party of the working class,"7 because 

the new Social Democratic Workers' Party (Sozialdemokratisohe Arbeiter- 
partei or SDAP) was neither especially revolutionary, nor proletarian.8 

Actually, Marx and Engels themselves were displeased with the fuzzy 

aims and composite class character of the SDAP,9 which hardly seemed to 

differ from the petty bourgeois democratic movement that Johann Jacoby 

led.10 While it is true, as the East German Horst Bartel maintains,11 

that after 1869 Marxist ideas began to permeate the German workers' 

movement, the SDAP continued to harbor middle class and intellectual 

elements and be freighted with "vulgar democratic" concepts.12 At 

Eisenach, Bebel had tried to preserve the bridge to the lower middle 

class so that he might build as broad a mass of anti-Prussian base as 

possible.13 

That Bebel succeeded to an extent was due to the circumstance that, 

as Johann B. von Schweitzer observed, the SDAP was a motley assortment 

of bourgeois democrats, literati, book dealers, Jewish merchants, and 

other non-proletarian elements.1 No wonder that a leading middle class 

newspaper asserted that the Stuttgart Convention of June 1870 of the 

SDAP had not widened the gulf between the party and the petty bourgeois 

democrats.15 It was symptomatic of this that the Populist leader, 

Jacoby, continued to be friendly towards Bebel and Liebknecht.16 On the 

other hand, the Stuttgart Convention seriously hobbled Bebel's develop¬ 

ing gradualist strategy. It adopted a resolution directing that the 

SDAP's delegations in Reichstag and Customs (Zollverein) Parliament 

"must adopt a negative posture and exploit every opportunity to expose 

the complete worthlessness of their proceedings, revealing them for the 

farces they are."17 

The Franco-Prussian War nearly ruined the prospect that the SDAP 

would ever become a mass party. Unlike Marx and Engels, Bebel failed 

to appreciate the national-progressive character of the war that was so 

popular with the vast majority of Germans.18 Nor did he care that a 

Prussian victory would catapult the German workers to leadership of the 

European revolutionary movement.19 In disregard of Marx and Engels, and 

even in disagreement with Liebknecht, who at first argued that Napoleon 

III must shoulder the principal war guilt,20 Bebel struck a position 

that not only isolated him from the country but put him in a minority 

within the SDAP.21 
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Bebel's whole analysis of the tasks generated for the SDAP by the 

war was conditioned by a deep-seated animus against the alliance of 

land-holding Junkers and upper bourgeoisie, which sustained Prussian 

autocracy, militarism and hegemonial ambitions. Back in February he 

had written lines that made it improbable that he could ever rally to 

any mational crusade led by the Prussian government: 

The Prussian government has perceived that in the face of 

progressively sharpening class antagonisms it can only main¬ 

tain itself if the rest of Germany is at least indirectly 

subjugated to its influence and if the military state par 

excellence is established. Since it understands that this 

is impossible without the cooperation of the middle class, 

it must hook the latter with the bait of material interest. 

Basically it is this latter circumstance that is to be 

thanked for the fact that the bourgeoisie in all Germany is 

imperialist-minded and is working to bring the country under 

the cover of the Prussian spiked helmet (Piekelhaube) .... 

It is for this reason that the bourgeoisie support the mili¬ 

tary and police system. It is their last shield against 

the workers . . . The more powerful the Prussian military 

state becomes, the harder it will be for the workers to 

abolish the present system. Not the strengthening of govern¬ 

mental power but its weakening, not centralization . . . but 

maximum fragmentation, must be our goals.22 

Proceeding from such preconceptions, Bebel from the outset of the 

fighting maintained that Napoleon III had indeed provoked Prussia. 

Nevertheless, Bismarck, fortified in the possession of an army that was 

much better prepared than the Napoleonic, had for "a long time sought 

to entrap the French government and force it to declare war."23 This 

contention of divided responsibility for a war caused by cabinet diplom¬ 

acy made the position that Bebel and Liebknecht struck on July 21 in the 

special session of the Reichstag barely tolerable in the eyes of the 

nation.24 By comparison, not only the Lassalleans, who hoped that a 

united Germany might issue from the war,25 but the Brunswick Central 

Committee of the SDAP also judged the conflict to be one of legitimate 

self-defense and necessary to Germany's political regeneration.26 

Bebel convinced Liebknecht that in what had been widely misrepre¬ 

sented as a "national war," a vote against military credits would be 

generally construed as a vote for Napoleon III.27 On July 21 both 

Socialist leaders on their own initiative and not at the behest of any 

party agency announced in the Reichstag that they would abstain from 

voting war credits.28 Their joint declaration, inspired by a determina¬ 

tion to sabotage the unification of the country by Prussia, contained, 

however, nothing of a revolutionary attack upon state or existing order.29 

Rather, Bebel's formula, which was later adopted at SDAP assemblies in 

several large cities,30 subordinated principle to tactical considerations. 

Its aim was to rescue the unity of the party. Nevertheless, the joint 

declaration was a cold douche to German patriotism and the dream of 

seven centuries. Where even Engels admitted that the unification of 

Germany could not be completed except by military-chauvinistic methods,31 
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it is plain that Bebel's initiative erected a stone curtain between the 

SDAP and the German governments. No wonder Bracke called Bebel's stand 

"a colossal tactical error."32 

Bebel and Liebknecht had to suffer the criticism of the General 

Council of the International Working Men's Association,33 as well as 

the most embarrassing attacks from within their own party because of 

their stand on the war.34 Engels considered the war "a question of the 

national existence" of the German people,35 and he castigated a policy 

that dissociated itself from a fight that was for Germany one of self- 

defense. 36 He could not understand how Bebel and Liebknecht could ever 

have struck the position they had.37 

It was the Prussian annexationists who saved Bebel and Liebknecht 

from repudiation by their own party. The battle of Sedan and the Pro¬ 
clamation of the French Republic on September 4 rescued Bebel from 

having to make a decision that would have utterly sacrificed the party 

to a dubious principle.38 However, as it was, the militarily justifi¬ 

able but politically calamitous decision of the Prussian government to 

annex Alsace and eastern Lorraine, including the pays Messin, to which 

not only Marx and Engels but many Germans were opposed,39 gave Bebel 

the chance to get back on the track of popular favor. Both Lassalleans 

and Eisenachers could now join hands in condemning what had become a 

"war of conquest."40 Bebel was encouraged by the circumstance that 

Marx in his Second Address on the war (September 9) to the General 

Council of the International had summoned all sections of it to protest 

the proposed annexation and demand a lenient peace for France.41 The 

young turner could now set about undermining Schweitzer's General 

Workingmen's Association, which had lately endorsed Bebel's stand on 

the war.42 His aim was to construct an amalgamated mass party which 

could offer a counterweight to the ruling alliance of landed nobles and 

bourgeois capitalists.43 The planned annexation of Alsace-Lorraine, 

which Engels described as "the greatest misfortune that could befall 

Europe,"44 and Marx predicted would lead to a general war that would be 

the "midwife of the Russian revolution,"45 turned out to be the talisman 

by which Bebel eventually restored the unity and influence of the SDAP. 

Liebknecht was correct when he said at the beginning of September 

that "the Parisian blow has completely altered the situation."4” It was 

portentous that Wilhelm Bracke, the anchor member of the SDAP's Central 

Committee, had experienced a change of heart. He had written a col¬ 

league that "the party must unconditionally oppose the annexationist 

fury, agitation against France, and the prevailing delirium with the 

idea of the grandeur of the nation."47 

Throughout the first phase of the war Bebel and Liebknecht had with¬ 

out differentiation censured both the French and Prussian governments 

and stressed the community of interest between allegedly pacific French 

and German working classes.48 By September, however, Bebel could hope 

to rally the entire SDAP as well as most European workers behind a pro¬ 

gram that specifically condemned Prussian militarism and annexation 

aims.49 The very speed and scope of the French collapse thus rescued 

the unity of the German Socialist movement.50 
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On September 5 the Brunswick Central Committee condemned German an¬ 

nexationist aims and admonished against the seductions of chauvinism.51 

Thereafter, the entire party closed ranks behind Bebel and Liebknecht.52 

At the same time Bebel must have seen by then that the immediate attain¬ 

ment of political freedom and a French-style republic were for Germans 

unrealistic goals in view of the crushing Prussian military success. Foi 

the remainder of the war the only radical step that Bebel took was to 

champion the cause of the Paris Commune, a courageous stand that caused 

many Germans to conclude, without real evidence, that he was a traitor. 

With the wind in his sails and both SDAP and People's Party applaud¬ 

ing him,53 Bebel on November 26 rejected the government's request for 

another 100,000,000 Taler war credits. Risking physical assault from 

chauvinists in the Reichstag, Bebel warned against unnecessarily humil¬ 

iating France and predicted that if Alsace-Lorraine were annexed it 

would prove an albatross around the neck of a united Germany.54 He dis¬ 

played thinly masked admiration for the now free French in their support 

of a government that was defending France against a would-be conqueror. 

Only German insistence upon annexations, said Bebel, prevented the 

French from suing for an honorable peace.55 

His remarks were partly motivated by the determination to prevent 

an absolute centralizing triumph of the Junker-bourgeois ruling strata 

over Germany, a victory that would strengthen militarism and autocracy 

and make attainment of power by the masses much more difficult.56 His 

provocative words, irritating in themselves, were aggravated by his 

"somewhat shrill voice that reminded one of a strident bell,"57 and they 

were greeted with angry outcries and scornful laughter. 

Inasmuch as many South German particularists and democrats were 

about to enter the federal union, the courageous Bebel could now with 

better prospects resume the popular struggle against the authoritarian- 

militarist state.58 His line of attack henceforth was shrewdly 

broadened from mere censure of a war of conquest to an indictment of an 

alleged plot by the ruling classes to deprive the people again, as in 

1815, of the fruits of their victory. This populist-nationalist ap¬ 

proach was set forth by Bebel in a speech before the Reichstag on Decem¬ 

ber 6, 1870,59 his last before he and Liebknecht were put under arrest 

pending investigation of charges of high treason. 

Bebel felt strong enough now to break with Liebknecht's purely 

negative attitude towards the Reichstag. Bebel had decided to reconcile 

himself to reality. He would, while waiting for a revolution that he 

knew might never come, seek to harness Reichstag and state diets in the 

cause of year to year reforms that would benefit the people. Although 

theoretically a democrat and a republican, Bebel spoke as a liberal 

monarchist to the proposed Bismarckian constitution. Posing as a champion 

of the rights of the Reichstag, by contrast with Liebknecht who de¬ 

clared war on it,60 Bebel rejected the Bismarckian constitution for 

having shackled the power of parliament. With the rational asseveration 

that "it appears to me that the expectations which the German people have 

associated with success in this war have been most bitterly disappoint¬ 

ed,"61 Bebel exchanged the halo of a revolutionary ideologue for the 
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plain mantle of tribune. He concluded his tirade against German mili¬ 

tarism by admonishing: 

The people will . . . come to . . . understand that they 

can expect nothing from their princes and governments. 

They can rely only upon their own strength and determina¬ 

tion. They must draft a new constitution. Their end goal 

must be solely the removal of the monarchy and establish¬ 

ment of the republic.62 

Bebel was assailed by the whole bourgeois and conservative press 

for his remarks. On December 17 he and Liebknecht were arrested on 

charges of treason by the Saxon government and incarcerated for 101 

days in a Leipzig prison.63 

The proclamation of the Second German Empire on January 13, 1871, 

while Bebel was still cooped in his cage, left him uncertain about the 

road to take to the free social democratic republic.64 The foundation 

of the Reich obviously dimmed any prospects of a revolution from below 

for a very long time to come.65 Priority would now have to be given to 

the pedestrian intermediate range objective of the merger of the 

Eisenachers and the Lassalleans, which would promote the consolidation 

of the working classes. Indeed, it seemed as if the road to reunion 

were being made straight, because Schweitzer and the Lassalleans were 

becoming disillusioned with the unconscionably narrow social basis upon 

which Bismarck was building the Second Empire.66 The widening of the 

gulf between the chancellor and Schweitzer in the winter of 1870-71 and 

the latter's acclamation in the Social-Demokrat of the Paris Commune,67 

seemingly vindicated Bebel's long campaign against the Bismarckian pro¬ 

gram. 

The conviction, wide-spread among the German masses, that the lib¬ 

eral bourgeoisie had entered into an "unholy alliance" with landowners 

and the officers' corps in support of a war of conquest and authoritar¬ 

ian government encouraged a greater sense of corporative consciousness 

in working class circles and sharpened class antagonisms. On the other 

hand, it would be an exaggeration to say, as have East German histori¬ 

ans,68 that German workers' support of the Paris Commune in its struggle 

with the French middle class inaugurated a revolutionary departure of 

great importance for the German proletariat. It is true that the gates 

of the Reich were opened to Marxian theory. Yet this did not, as it 

turned out, divert Social Democracy from the highroad of reformism,69 

for this was the only negotiable one after the avalanches caused by the 

Franco-Prussian War. 

Upon release from prison, Bebel, who had been reelected to the 

Reichstag as the lone representative of the SDAP, praised the Commune 

before the Reichstag on April 3rd.70 His coquetry with the idea of vio¬ 

lence was now only a stratagem to shame the Reichstag into assuming com¬ 

mand of the fight against the Prussian government. Speaking as the 

champion of the universal rights of man, Bebel chided the deputies for 

their impotence: 
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Gentlemen, you do not possess the power to translate right 

into reality. I am accordingly of the opinion . . . that it 

is, in general, superfluous to discuss basic rights as long 

as we are not resolved to implement them by force if need be 

. . . You will not obtain these basic rights until you assert 

clearly and unequivocally: if what we, the people, consider 

our rights are not granted, we shall take them against your 

will.7” 

The frigid reception that the deputies accorded his words did not daunt 

Bebel. He found solace in the fact that the failure of the Paris Com¬ 

mune had left the German working class as the only organized political 

force in Europe posing a threat to the existing order.72 He continued, 

therefore, with high heart to wage the struggle against militarism and 

autocracy. Evincing as yet no understanding for the security require¬ 

ments of a centrally located state, a Stoat der Mitte, such as Germany, 

he told the Reichstag on May 25 that the annexation of Alsace-Lorraine 

was "a crime against international law and a blot on the German scut¬ 

cheon."73 He said that the only advantage that could come from the 

annexation would be to inject a republican-oriented population into the 

Reich, which "will form the wedge that may make it possible after a cer¬ 

tain lapse of time to dissolve the whole monarchical structure of Ger¬ 

many. 1,74 

The bloody suppression of the Paris Commune from May 16-28, 1871 

relegated the idea of a violent revolution to the realm of illusions. 

Bebel had initially been inclined to regard the Paris Commune as the 

foreloper of other European uprisings,7 despite the fact that it real¬ 

ly had little in common with the concept of a proletarian revolution. 

Now, however, the gradualist road to power appeared on sober reflection 

to be the only possible one in the face of the double victory of the 

French bourgeoisie and the Prussian army.76 Gradualism acquired new ap¬ 

peal as a result of the entrance of the South German democrats and par- 

ticularists into the Reich. Instinctively aware that within the SOAP 

the combined strength of the Populists and Lassallean reformers was 

greater than that of the insurrectionary Marxists, Bebel spoke with ever 

less frequency and conviction about a forcible solution of the grand 

problems of freedom and equality. Conversely, he was inclined more and 

more to leave the masses with a range of alternatives to uprising.77 

At the Dresden Convention of the SDAP in August 1871, in consonance with 

this policy of strategic indeterminacy, he called for a modification of 

the policy of the Stuttgart Convention respecting the Reichstag. He 

now insisted that henceforth the SDAP must use the legislature "to prop¬ 

agandize for our principles and ideas."78 

Beyond doubt Germany's military victory and the collapse of the 

Commune contributed greatly to the evolution of the basically pragmatic 

policy that Bebel was ever afterwards to pursue towards the class state. 

Of world historic importance is the fact that the events of the Franco- 

Prussian War persuaded him to transfer the struggle against militarism 

and the ruling classes from the street to the Reichstag. 
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THE OCCURRENCE OF A PREDORSAL STRIPE IN THE BLACK CRAPPIE, 

POMOXIS NIGROMACULATUS 

Johnny P. Buchanan and Horace E. Bryant* 

Tennessee Valley Authority 

Forestry, Fisheries, and Wildlife Development 

Muscle Shoals, Alabama 

ABSTRACT 

A black predorsal stripe was found on 28.1% of 2192 black crappie, 

Pomoxis nigromaaulatus, examined from Beaver Reservoir in Arkansas. In¬ 

vestigation revealed the character to exist in black crappie from at 

least thirteen states. 

The occurence of a peculiar black or brown-black stripe in some 

specimens of black crappie, Pomoxis nigromaaulatus, from Beaver and Bull 

Shoals Reservoirs in northwest Arkansas has been noted for several 

years. This stripe extends from the dorsal fin origin along the dorsal 

ridge to the tip of the upper lip, and continues across the center of 

the chin posteriorly to the throat (Figs. 1 and 2). Trautman (1957) has 

reported this character in some black crappie throughout Ohio. Black 

crappie with this abnormal pigmentation are also known to have been 

propagated on the Joe Hogan State Fish Hatchery, Lonoke, Arkansas 

(Andrew H. Hulsey, personal communication). 

In an attempt to determine the geographic range of this character, 

inquiries were directed to fishery chiefs of State Game and Fish Commis¬ 

sions within the native range of Pomoxis nigromaaulatus. From replies 

to these inquiries, it was confirmed that black crappie possessing the 

predorsal stripe occur in at least 13 states from Florida north to Wis¬ 

consin (Fig. 3). It appears that the character would be expected to oc¬ 

cur in other states (e.g., Illnois and Indiana) where it was not confirm¬ 

ed . 

From preserved samples of black crappie collected in Beaver Reser¬ 

voir during the period 1964-67, a total of 2192 fish was examined for 

the occurrence of the predorsal stripe. From these samples, 616 crappie 

(representing 28.1% of the total examined) were found with the character. 

We hypothesize that the predorsal stripe is inherited as a reces¬ 

sive character, being expressed only by homozygous individuals. Its 

occurrence in 28.1% of the sample examined approximates a classic Men- 

delian three-to-one ratio involving a recessive character. Similar 

ratios (20-30%) of occurrence of the predorsal stripe were estimated for 

black crappie in Louisiana and one reservoir in Missouri (personal com¬ 

munications, Harry E. Schafer, Fred Vasey). 

The authors collected 13 adult black crappie with the predorsal 

*Present address: Bureau of Sport Fisheries and Wildlife, Arkadelphia, 

Arkansas. 
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stripe from Beaver Reservoir and placed them in a pond at the Centerton 

State Fish Hatchery, Centerton, Arkansas, in December 1968. We hoped to 

obtain a spawn from a pure stock of adults with the predorsal stripe to 

provide further information as to the method of inheritance of the char¬ 

acter. A spawn was obtained in 1969, and when the fingerling crappie 

were harvested for fall stocking, Raymond Martin, hatchery manager, es¬ 

timated that 95% possessed the predorsal stripe. However, it was found 

that one normally pigmented individual was present among the brood stock 

FIGURE 1. Dorsal view of two adult black crappie from Beaver Reser¬ 

voir. Right fish exhibits predorsal stripe, the left one being normally 

pigmented. (Photograph by Thomas 0. Duncan.) 
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If the character is inherited as a simple recessive, all offspring of a 

pure predorsal striped stock should have been pigmented. 

If this predorsal stripe is actually expressed as a homozygous re¬ 

cessive character, it seems pertinent to discuss its significance and 

potential use as a tool in fisheries management. We suggest that if pure 

stocks of predorsal-striped black crappie were propagated on a fish 

hatchery, their offspring could be stocked in public waters bearing a 

FIGURE 2. Ventral view of two adult black crappie, the fish on the 

left normally pigmented, one on the right showing the extension of the 

stripe beneath the lower jaw. (Photograph by Thomas 0. Duncan.) 
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FIGURE 3. Map indicating states in which occurrence of black 

crappie with predorsal stripe are confirmed by personal communications. 

"natural mark." These fish could then be utilized by collecting mark and 

recapture data for traditional population estimates on a short-term basis. 

In addition, valuable growth data could be obtained by periodically 

sampling from a population of stocked crappie bearing this "natural mark." 

A prerequisite to such an experiment would be to eliminate the pos¬ 

sibility of black-striped crappie naturally occurring in these waters. 

Such use of the stocked "marked" crappie could only continue until such 

time as it were possible for them to have contaminated the resident gene 

pool. 

In mentioning the occurrence of this character in Alabama black 

crappie, Smlth-Vaniz (1968) stated that it apparently occurs only in 

males. However, a sample of 98 predorsal striped young crappie from the 

Centerton Hatchery pond revealed a sex ratio of 51 males to 47 females, 

indicating the character is not sex-linked. 
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REGARDING THE APPLICABILITY OF THE LOCAL EQUILIBRIUM POSTULATE 

AND THE ELECTROCHEMICAL GIBBS-DUHEM RELATION TO STEADY-STATE 

TRANSPORT IN SOLIDS 

A. T. Fromhold, Jr. 

Department of Physics 

Auburn University, Auburn, Alabama 

ABSTRACT 

An electrochemical analog of the well-known Gibbs-Duhem relation 

from equilibrium thermodynamics was derived; the usual postulate of local 

equilibrium employed in nonequilibrium thermodynamics was utilized to ex¬ 

tend the results to the nonequilibrium domain. The application of the 

Electrochemical Gibbs-Duhem relation so derived to the particular case of 

several charged diffusing species in a solid yields an expression for the 

local electric field which was compared with an expression for the field 

deduced by a straightforward analysis based on transport equations. The 

two approaches yield consistent results only in the limit of thermodynamic 

equilibrium. It is concluded that the well-known equations of chemical 

equilibrium and the Gibbs-Duhem relation cannot be employed universally 

to describe steady-state transport in solids; in particular, such relations 

cannot be used indiscriminately to treat the growth of oxides and similar 

tarnish films on metals. 

INTRODUCTION 

The objective of nonequilibrium thermodynamics is to provide an ex¬ 

tension of classical thermodynamics to include systems in which transport 

of one type or another is taking place. Nonequilibrium thermodynamics re¬ 

quires the use of transport equations, which may be phenomenological in 

nature, and the introduction of postulates which are beyond those generally 

embodied in classical equilibrium thermodynamics. Various gradients are 

present in the system, so it can no longer be considered as spatially homo¬ 

geneous. Field quantities must therefore be introduced to specify the 

local values of the density, temperature, internal energy, etc. These 

field quantities can be regarded as continuous functions of position, 

since they represent averages over microscopically large but macroscopi- 

cally small regions of space. A postulate of local equilibrium is intro¬ 

duced, one statement1 of such being as follows: 

For a system in which irreversible processes are taking place, 

all thermodynamic functions of state exist for each element 

of the system. These thermodynamic quantities for the non¬ 

equilibrium system are the same functions of the local state 

variables as the corresponding equilibrium thermodynamic 

quantities. 

It is very difficult to assess the general validity of this postulate. 

Our approach is to examine some of the predictions of the theory with 

corresponding results derived from a transport analysis. 

One well-known relation from classical thermodynamics which is 

carried over into nonequilibrium thermodynamics as a result of the 
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above-stated postulate is the Gibbs-Duhem relation, which for the par¬ 

ticular case of constant temperature and pressure states that variation: 

in the chemical potentials of the several species, when weighted by the 

concentrations of the respective species, add to zero when summed. In 

the nonequilibrium case, this becomes a pointwise relation, so it can 

be used to relate gradients of the various chemical potentials as well. 

The Gibbs-Duhem relation is utilized extensively in nonequilibrium 

thermodynamics.2 The validity of the Gibbs-Duhem relation is difficult 

to ascertain both from the standpoint of fundamental statistical mechan¬ 

ics and from the standpoint of direct experimental measurement. In the 

present paper, we compare results obtained from the Gibbs-Duhem equatioi: 

with those obtained from a steady-state analysis for a specific case of 

nonequilibrium transport, namely, charged particle diffusion currents 

through protective dielectric and semiconducting compounds forming as 

layers on metal surfaces. Both the Gibbs-Duhem relation and the equa¬ 

tions of local chemical equilibrium have been used in treating such 

systems.3 5 The present results may perhaps serve to stimulate a funda¬ 

mental statistical-mechanical analysis, as well as provide some incen¬ 

tive for decisive experimental measurements. 

The following section under "Gibbs-Duhem Analysis" contains a 

derivation of the Electrochemical Gibbs-Duhem relation. This relation 

is then utilized to derive an expression for the electric field in a 

host lattice containing charged point defects. The next section repre¬ 

sents a transport analysis leading to electric field expressions which 

are compared with the corresponding Gibbs-Duhem result. In the final 

section (p. 305), a comparison is made between the results of the two 

approaches for the particular example of oxide formation on metals under 

steady-state conditions. 

GIBBS-DUHEM ANALYSIS 

Electrochemical Gibbs-Duhem Relation 

Let us consider an elastic crystalline solid in mechanical equilib¬ 

rium and at rest with respect to the laboratory coordinate system as 

constituting a host medium for a number of possibly mobile defect 

species. If all types of charged point defects (1,2,...,£) as well as 

all types of uncharged point defects (£+1, H+2, ...,r) are considered as 

individual species, then the host lattice must be considered as having 

all lattice positions filled with the proper type of atom for the solid 

in question. The host lattice will be considered in the present model 

calculation to provide an ideal isobaric and isothermal medium for the 

defect species. This does not mean that the host lattice is devoid of 

elastic strains; in fact, such strains together with appropriate ex¬ 

ternal constraints may well be required to maintain the lattice in a 

state of mechanical equilibrium. 

It is necessary to derive an electrochemical analog of the Gibbs- 

Duhem relation in order to include the electrostatic potential. In 

doing this, we will follow Guggenheim6 with the exception that we re¬ 

place the chemical potential us per article of the sth defect species 

by the electrochemical potential us per particle of the sth defect 

species, 
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u = u + Z eV , (s=l,2,...,£) (2.1) 
s s s 

rith V representing the electrostatic potential. The parameter e is 

he electronic charge magnitude and Zse is the charge per particle of 

.he sth defect species. It is presumed that there are £ charged defect 

;pecies with concentrations Ci(x), C2(x),..., C^(x) at position x. For 

simplicity, we consider a system which is uniform in the y and z direc- 

:ions, so that all variations occur along the x-direction. The case in¬ 

volving additional neutral species concentrations C£+j (x) , Cg^Cx), ..., 

^(x) is considered later. Of course, us=us(x), us=us(x), and V=V(x), 

_n accordance with the necessity of including electrochemical gradients 

rtiich are responsible for transport in the system. The chemical po- 

:ential per particle of the sth defect species has the usual dependence 

)n thermodynamic activity as(x) of this species, 

u = u° + k„T £n a (x) (2.2) 
s s B s 

where u° is a constant representing the chemical potential per par¬ 

ticle of the sth defect species in the standard state, kg is the Boltz- 

nann constant, and T is the temperature. Furthermore, 

as(x) = ?s(x)cs(x) > (2.3) 

where Cs(x) is the activity coefficient which may depend upon the con¬ 

centration Cs(x) of the sth defect species as well as the other defect 

concentrations, and it has the value unity in the "dilute" limit. Thus, 

u (x) = u° + kT In c (x) + kpT In C (x) + Z eV(x) . (2.4) 
S S D S ij s s 

The complete differential of the Gibbs function G for the presently 

considered electrochemical system is 

£ 

dG = -SdT + VdP + l u dC (2.5) 
L. s s 

s=l 

where S and V represent the appropriate entropy and volume of the sys¬ 

tem, and P is the pressure. The Gibbs function itself is given by 

G = U - TS + PV , (2.6) 

where U is the internal energy of the system, 

£ 

D = IS - PV + y u C . (2.7) 
L ^ s s 

s=l 

Since the sum in (2.7) is only over defect species, it can be seen that 

we are measuring energies with respect to the charge-neutral stoichio¬ 

metric lattice free from point defects. Substituting (2.7) into (2.6) 

and differentiating gives 

£ £ 

dG = 7 u dC + T C du . (2.8) 
L-‘ s s u S S 
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Subtracting (2.5) from (2.8) gives 

l 
SdT - VdP + 7 C du =0 , (2.9) 

s s 
S=1 

which is the desired Electrochemical Gibbs-Duhem relation. This reduces 

appropriately to the ordinary Gibbs-Duhem relation6 in the limit in 

which the electrostatic potential V is zero. 

It is readily seen from (2.5), (2.8), and (2.9) that the only 

effect of including the concentrations C£+i(x), C£-|-2(x), Cr(x) 

of neutral species in the derivation is to change the summations from 

s=l,£ to s=l,r, keeping in mind of course that , Z^+2 > •••» Zr 

are zero so that u£,+^=u^+j , u£+2=u5,+2 » •••» ur=ur according to (2.1). 

Electric Field Deduced from Gibbs-Duhem Relation 

Nonequilibrium thermodynamics requires position-dependent quan¬ 

tities, so Eq. (2.9) is readily transformed to a relation involving the 

gradients, 

S 
dT 

dx dx 

£ 

I 
S=1 

du 
c 

dx 
= 0 (2.10) 

According to the assumption that the host lattice provides an ideal 

isobaric and isothermal medium for the defect species, the first two 

terms in (2.10) become zero. If in addition we utilize (2.4), Eq. 

(2.10) thus becomes 

y C [k T In C C + Z eV] = 0 . (2.11) 
, s dx B s s s 

s=l 

Therefore, the 

Duhem approach 

electric field E(x) = - predicted by the 

is 

E(x) = 

k_T l c c )] 
15 L. s dx s s 

s=l 

l Z eC 

s=l S S 

Gibbs- 

(2.12) 

This expression is based solely on the assumption of local equi¬ 

librium and the usual thermodynamic functions. Thus it must be con¬ 

sidered to be an essentially valid relation within the discipline of 

nonequilibrium thermodynamics. The inclusion of neutral species 

£+1, £+2, ..., r in the derivation leads to a change in the limits of 

the sums in (2.10)-(2.12) from s=l,£ to s=l,r, although in the final 

result (2.12) for the field this affects only the value of the num¬ 

erator since Z£+^ , Zj^+2 » •••» Zr are zero. 

If the defect species are in motion with respect to the laboratory 

reference frame in the sense that there is a net drift velocity vs for 
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each species, the associated kinetic energies Us=1'Smsvs2 involving 

the particle masses ms should also be considered. This gives rise to 

r 

a modification G = £ U C in (2.6) with a corresponding modification 
K S S 

s=l 
r 

dG = 7 U dC to the perfect differential (2.5). Thus the Electro- 
K _ s s 

s=l r 

chemical Gibbs-Duhem relation should be modified by the term / C dU , 
s s 

s=l 

and the numerator of the electric field expression (2.12) should be 

r dU 
V S 

modified by the term l Cg . The consequences of these modifi- 

s=l 

cations are not serious, as discussed later. 

TRANSPORT ANALYSIS 

Semi-phenomenological Transport Equation 

The particle current Js of a given defect species can be repre¬ 

sented phenomenologically7 as the product of a force Fs acting on each 

particle of the defect species, the defect particle mobility Bs, and the 

defect concentration C , 
s 

J = B F (x)C (x) . (3.1) 
s s s s 

The currents must be measured with respect to some stationary reference 

frame, which we choose to be the elastic crystalline solid which is the 

host medium for the defects. Since the mass of the crystalline solid 

is generally at least several orders of magnitude greater than the mass 

associated with the defects, the center of mass of the total system 

(lattice + defects) is also essentially stationary. 

The energy imparted to the defects by the force Fs(x) in (3.1) 

is of course removed by collisions with the host lattice on a micro¬ 

scopic scale. The increased lattice vibrational energy is heat which 

is then transferred to the surroundings or to a constant temperature 

bath. In the mobility approximation, each defect species can thus be 

considered to be in a state of mechanical equilibrium, at least from 

the macroscopic viewpoint. The drift momentum is mgJs per unit volume 

for the sth defect species. The corresponding kinetic energy contri¬ 

bution per unit volume, UsCs=(msJs)2/2msCs , can depend upon position, 

and thus can give rise to nonzero derivatives which enter (2.9) and 

(2.12) in the manner described in the preceding section. However, a 

numerical evaluation of the kinetic energy contribution for any reason¬ 

able value of the drift velocity in a solid shows it to be extremely 

small. For example, an order-of-magnitude value for the ratio of the 

kinetic energy contribution to that of the concentration gradient in 

the numerator of (2.12) for a given species is given by 

dU dC dU „ 

CsdT/kBT*f = (Cs/kBT) d^ • SinCe ’ this rati° 
s 
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is -ms(Js/Cs)2/kBT. Even if a large value such as 10^ cm/sec is chosen 

for the drift velocity Js/Cs of an electronic species, this ratio is 

still only of the order of 10~^. Therefore the kinetic energy contri¬ 

bution to (2.12) will be neglected throughout the remaining development. 

If the only force is due to the electrostatic field, then 

Fs(x)=ZseE(x) and so Js=ZseBsE(x)Cs(x). In the usual notation of the 

linear diffusion equation, the particle current is given by 

Js=MsE(x)Cs(x), where ys is the ordinary mobility. Thus 

y = Z eB . (3.2) 
s s s 

The force Fs per defect is given by the product of the charge Zse and 

the negative gradient of the scalar electrostatic potential V(x) for 

the case where the only force is due to the electrostatic field; this 

is equivalent to saying that the force is given by the negative gra¬ 

dient of the electrostatic potential energy. In the more general case 

where other forces exist in addition to electrostatic forces, the net 

force per particle of the sth species is given by the negative gradient 

dds 
of the electrochemical potential, Fs = - , since the electrochemical 

potential represents the total potential energy per particle of the sth 

defect species. Differentiation of (2.4) thus gives 

• <3-3> 

This result together with (3.2) can be substituted into (3.1) to yield 

the particle current. 

J 
s = VsE(x) - (kBTlJs/Zse)C 

d_ 

s dx Un(?scs)] 

(s=l,2,...,£) (3.4) 

The series of equations (3.4) are coupled through the electric field and 

possibly through the activity coefficients, since it is reasonable to 

assume that each 4S will be a function of the various concentrations 

Cj(x), j=l,2....,£. This dependence on the concentrations is the major 

reason why the activity coefficients must be considered to be position- 

dependent in any general analysis. In the special case in which the 

4s are constants, the equations in (3.4) are independent of the 4s > thus 

reducing to a set of ordinary linear diffusion equations with each dif¬ 

fusion coefficient Ds given in terms of the corresponding mobility by 

the Einstein relation Ds=yskBT/Zse. Equation (3.4) is a local relation; 

no restriction has been placed on the position-dependence of any of the 

quantities involved, including the ys and the Js. For example, the 

mobilities may depend upon the concentrations, and thus be implicit 

functions of position. 

Electric Field Expressions 

Equation (3.4) can be utilized to obtain various expressions for 

the electric field in terms of the concentrations and concentration 
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gradients of the t mobile species at any given point in the solid for 

comparison with (2.12). One such expression involves the total charge 

current J, 

l 
J = l ZgeJs . (3.5) 

s=l 

Substituting (3.4) into (3.5) and solving for the field yields 

E(x) 

J + k T y PC -j— [£n(c C )] 
B s s dx s s 

s=l 

J Z ep C (x) 
L‘ s s s 

S=1 

(3.6) 

This bears very little resemblance to (2.12) since it contains J and ps, 

both of which are missing in (2.12). Equation (3.6) is useful in the 

steady-state analysis of metal oxidation8 which is discussed in the next 

section. 

An alternate expression for the field can be obtained in terms of the 

forward force F per unit volume acting on the defect species, 

F = J. F (x)C (x) = 
L - s s 

S=1 

du 

- I C (x) ~ 
L c dx 

S=1 

(3.7) 

Substituting (3.3) into (3.7) and solving for the field yields 

E(x) 

F + k_T l C — [ln(Z C )] 
B F s dx s s 

s=l 

7 Z eC (x) 
L. s s 

s=l 

(3.8) 

Comparison with Gibbs-Duhem Result 

As would be expected, a comparison of (3.8) with (2.12) shows agree¬ 

ment when F=0. Whether or not F is zero will depend upon the physical 

system under consideration. In marked contrast to what was found for 

the kinetic energy, the contribution of each species contained in F to 

the numerator of E(x) is frequently large relative to the other term in 

(3.8). We will show for growing oxide films that (3.8) and (2.12) agree 

only when there is thermodynamic equilibrium. 

The addition of neutral defect species results in an extension of 

the sums in (3.5)-(3.8) from s=l,£ to s=l,r. This produces no actual 

changes in (3.6) because Zs and ps are zero for uncharged species. 
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However, there is an apparent modification in the numerator of (3.8) 

which in the event that F is ignored becomes equivalent to the same 

modification introduced into the Gibbs-Duhem result (2.12) by the intro¬ 

duction of neutral species. With neutral species and the use of (3.1), 

the forward force (3.7) is simply 

F = (3.9) 

In thermodynamic equilibrium each Js is zero, in which case it is 

immediately clear that (2.12) and (3.8) agree. In the nonequilibrium 

domain, however, it is apparent that 

r 

l J /B =0 (3.10) u s s 

is an auxiliary condition which must be satisfied if the Gibbs-Duhem 

result is to agree with (3.8). In the particular case of a single 

diffusing species, Eq. (3.10) clearly requires zero current. 

PARTICULAR EXAMPLE: TRANSPORT THROUGH GROWING 

OXIDE FILMS UNDER STEADY-STATE CONDITIONS 

Coupled-Currents Condition and Steady-State Growth 

A concrete example is very helpful in illustrating some of the con¬ 

sequences of the preceding general analysis. For this purpose let us 

consider an oxide or similar tarnish film forming on a metal with the 

rate of growth of the film determined by the rate of transport of charged 

defect species through the film3*8as given by (3.4). If no external 

source of current is applied, the net charge transported through the 

film must be nearly zero; otherwise enormous electric fields would be 

created. Thus on the average, J - 0. The condition that 

J - 0 (4.1) 

at each instant of time is termed the coupled-currents condition8 (or 

kinetic condition) for metal oxidation, and this can be inserted in 

(3.6) to obtain an expression for the electric field in the oxide film 

under growth conditions. 

In addition, if there are to be no significant changes in the defect 

concentrations at positions within the film, each particle current must 

3J s 
be nearly uniform within the film, so that v— - 0. This is termed the 

dx 

steady-state condition8 and growth under conditions for which this re¬ 

lation is satisfied throughout the film is termed steady-state growth. 8 

Analytical and numerical calculations8 have shown these to be ex¬ 

cellent approximations. The coupled-currents condition is a good approxi¬ 

mation due to the fact that a small fraction of a monolayer of charged 

particles can be the source of enormous surface-charge fields, so that 

a relatively small charge unbalance immediately creates large fields 
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which quickly restore the balance. The steady-state condition is a good 

approximation because the time constant for defect profile rearrangement 

is small compared with the time to transport a monolayer of defects 

through the film, and in addition the profile rearrangement in going 

from some given film thickness to a thickness one monolayer greater re¬ 

quires only a fraction of a monolayer. 

In our model calculation let us consider a situation in which the 

mobilities are constants. This together with the steady-state condition 

leads to the relations 

3(J h ) 
-= 0 , (s=l,2,...,£) (4.2) 

which are valid for our model system. 

Comparison of Electric Fields 

An examination of the general requirements for equality of the 

electric fields deduced by means of the two approaches will now be 

carried out for the particular example of transport during the thermal 

oxidation of metals. Substituting the coupled-currents condition 

(4.1) into (3.6) and equating the resulting expression with (2.12) leads 

to the general condition 

Z.eC. 
J 3 

Z C 
s s £ 

d [ln(.t,sCs )] 
dx 

zi 

d[lw(SjC-j )] 
dx ■} = 0 

(4.3) 

Currents for two charged species. For growth due to transport of 

two charged species, one of the species will be ionic while the other 

will normally be electronic. The condition (4.3) becomes 

Z^zeC ^2 (^1 
d[£n(C2c2)3 

dx 

1 d[-£n(g1C1)] 

Z-^ dx 
0 

(4.4) 

Since and Pj will ordinarily differ by orders of magnitude, as well 

as being different in sign whenever the two species are oppositely 

charged, the factor in (4.4) involving the logarithmic derivatives must 

be zero. Thus 
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1_ d[£n(g2C2) ] = 1_ dtln^jCj) ] 
Z2 dx Zg dx . (4.5) 

Substituting (4.5) into (3.6) as modified by (4.1) leads to the electric 

field, 

_kfiT d[£«(c1C1)] _ kfiT d[ln(z2C2)] 

Z^e dx Z2e dx . (4.6) 

Substituting this expression for the field into (3.4) for the currents 

gives 

J1 = 
= 0 (4.7) 

This, however, means that the film cannot increase in thickness, since 

the transport currents through the protective film are responsible for 

continued growth of the film. We thus conclude that the two approaches 

yield results which are generally self-consistent only in the limit of 

thermodynamic equilibrium. 

Currents for three or more charged species. It is easy to envision 

growth of the protective film under conditions where several defect 

species are involved. For example, Wagner3 considered three charged 

species: cations, anions, and electrons. It is therefore of interest 

to study the conditions necessary for the Gibbs-Duhem approach of non¬ 

equilibrium thermodynamics to yield results which are consistent with 

the coupled-currents steady-state transport approach. To this end, 

consider the set of coupled transport equations obtained by substituting 

(3.4) into (4.2) with the field given by the Gibbs-Duhem expression 

(2.12), 

[£n(?iC.)]} 
Hx 1 1 - cs [ln(zscs)] 

(s=l,2,...,1) (4.8) 

Assuming the activity coefficients to be known functions of the defect 

concentrations, the solutions to these second-order differential equations 

together with the boundary conditions Cs(0), CS(L) for s=l,2,...,£ yield 
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the profiles Cs(x). The values of Cs(x) and the derivatives ——- are 

independent of the mobility values, since (4.8) does not involve the ps. 

The weighting factors for the Pj in (4.3) therefore are mobility-indepen¬ 

dent. Furthermore the Pj are linearly independent, so that each of the 

factors must individually be zero. 

Z.eC. ) Z C 
J 3 L, s s 

s=l fe 

d[£n(<;sCs)] 1 d [£n(? 

dx zi 
l^ll 
dx J 

(j=l,2,...,i) (4.9) 

This relation combined with (2.12) yields 

E(x) = (k„T/Z e) J- [£n(?.C.)] 
o 1 dx 11 

(j=l,2,...,1) (4.10) 

and substitution of this result into (3.4) gives 

Jg = 0 . (s=l,2,...£) (4.11) 

We thus conclude for this case also that the two approaches are self- 

consistent only if the film is not growing. 

Effect of neutral species. The inclusion of neutral species has 

been shown to change the sums in (3.6) and (2.12) from s=l,£ to s=l,r, 

with no additional effects. The definition (3.5) for J and the coupled 

currents condition (4.1) are unaffected by the neutral species whether 

or not they are mobile. Therefore (4.3) can be modified to include 

the neutral species simply by changing the range of the sums to extend 

over all r species. The Pj are zero for j=£+l, 1+2, ..., r, so that only 

the sum over s is affected in (4.3). Again using the argument derived 

dC (x) 

from (4.8) that the values of C<,(x) and the derivatives -:- are 
s dx 

independent of mobility values for s=l,2,...,£, we arrive at condition 

(4.9) for j=l,2,...,£ with the exception that the sum is over the range 

s=l,r instead of s=l,£. Combining this result with (2.12) as extended 

to include the neutral species leads immediately to (4.10), which leads 

to (4.11) when substituted into (3.4). Therefore, we arrive at the 

same conclusion as before, namely, the individual particle currents of 

the charged species must be zero if the Gibbs-Duhem and transport 

analyses are to be self-consistent. 
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Equations of local chemical equilibrium. It is worthwhile to point 

out that our analysis is in agreement with the essential features of 

equilibrium thermodynamics in the appropriate limit. For example, 

utilizing (A.10) for two arbitrary charged species i and j together with 

the definitions (2.2) and (2.3) of the chemical potential and the activity 

coefficient leads to the relations 

1 

z7 
3 

1 du. 
_l 

Z. dx 
l 

(i,j = 1,2,...,£) (A.12) 

From subsection 3 directly above, these will be valid for systems with 

or without neutral defect species £+1, £+2, ..., r. Integrating with 

respect to x gives 

Z.u. - Z.u. = u° 
i J J i ij 

(A.13) 

where the u^ are position-independent constants of integration. These 

are simply tne equations of chemical equilibrium between arbitrary pairs 

of species, as utilized in deducing equilibrium concentrations of charged 

defect species in solids.9 Equation (A.13) has implications with respect 

to the Wagner theory3 of metal oxidation.10 

Approach Based on Poisson 's Equation of Electrostatics 

At this point, we should inquire whether or not there is an incon¬ 

sistency in utilizing Poisson's equation for the electric field in 

growing oxide films of a similar nature to that delineated above for the 

electric field expression based on the Gibbs-Duhem relation. The electric 

field E(x)=E0+Esc as deduced from Poisson's equation contains a surface- 

charge field E0 due to the charge at the electrode-sample interface and 

a space charge field Esc due to the charged diffusing defect species. 

EM - Ec ♦ ip. / dx 

l 

l 
s=l 

ZsCs(x> 

where £ is the static dielectric constant of the solid. Equating this 

expression to the general expression (3.6) leads to no conditions on 

the currents, but instead yields an expression for the surface charge 

field Eq whenever J is fixed, 

J+kBT l ^sCs 
S = 1 

d[ln(z;sCs)] 

dx 

i zse,jsMx) 
S = 1 

4ire 

£ 

X 

J dx 
l Z,Cs« 

S=1 
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This technique remains valid in the limit in which J = 0, as has been 

argued to be the case to a high degree of approximation for growing oxide 

films [cf. Eq. (4.1)]. Alternatively, whenever Eo is set at some given 

value by adjusting the externally-applied voltage across the sample, 

this provides an expression for the charge current J. Finally, it 

should be mentioned that a solution to the system of transport equations 

(3.4) utilizing Poisson's equation for the electric field will contain 

the surface-charge field E0 , which according to the above expression 

will involve the mobilities of the charged defect species. This is in 

marked contrast to the case in which the Gibbs-Duhem expression was 

utilized to obtain the field, which led to the system of equations (4.8) 

for the defect concentrations Cs(x) having solutions which are indepen¬ 

dent of the mobilities. Thus an analysis of charge transport in solids 

based simply on the transport equations and Poisson's equation is self- 

consistent as well as complete. However, the technical difficulty of 

obtaining analytical or numerical solutions with this approach is gen¬ 

erally orders of magnitude greater than that involved in analyses2 3 4 ’5 

based on the equations of local equilibrium. 

Implications Regarding the Postulate of Local Equilibrium 

The present analysis should by no means be construed as a proof 

that local equilibrium can never prevail, but rather that there can 

exist physical situations in which it does not prevail. Our objection10 

would be to using the postulate of local equilibrium to simplify the 

integration of a system of coupled equations characterizing transport 

in a physical system for which it is not obvious that there exists a 

dominant physical mechanism which imposes local equilibrium. 

CONCLUSION 

The primary conclusion of this paper is that the ordinary electro¬ 

chemical Gibbs-Duhem relation as deduced on the basis of present-day 

nonequilibrium thermodynamics can lead to severe inconsistencies when 

applied to general transport phenomena. There is evidence that Gibbs 

himself would not be surprised at this result.11 Perhaps the present 

work may provide the stimulus for the development of a generalized Gibbs- 

Duhem relation which would be valid even in the nonequilibrium domain 

in which the net force F per unit volume is nonzero. 
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PERSONAL BANKRUPTCY IN ALABAMA: A CONTINUING PROBLEM 

Edgar W. Wood 

Economics Department 

University of Mississippi, Oxford 

and 

William D. Geer 

School of Business 

Samford University, Birmingham, Alabama 

During the fiscal year ending June 30, 1972, Alabama, with 1.66 

percent of the United States population, accounted for 4.69 percent of 

the voluntary non-business (personal) bankruptcy petitions filed in the 

Federal Courts. While the national trend toward growing bankruptcy 

rates has mitigated since reaching a peak in 1967, and the trends in 

Alabama seem to be at least divergent, bankruptcy rates continue to 

reflect a significant amount of financial distress which should be of 

concern to all of us. This paper traces the recent experience of the 

Alabama economy with personal bankruptcy and indicates some of the 

underlying causes of the financial distress which often leads to bank¬ 

ruptcy. 

Modem Federal Bankruptcy proceedings have their roots in the Bank¬ 

ruptcy Act of 1898 which allowed creditors to petition the Federal Courts 

to intervene in cases where debtors were clearly unable to pay all of 

their obligations. The Bankruptcy Act established an orderly means and 

system of priorities in distributing whatever assets could be salvaged 

among the various creditors rather than capriciously having some creditors 

paid and others unpaid as would be the case without the intervention of 

a neutral party. The bankruptcy process also attempts to rehabilitate 

the debtor by allowing him to retain certain assets3 which are not sub¬ 

ject to liquidation for the satisfaction of general creditors' claims 

and, usually, by granting a discharge from that portion of his debts 

which the estate was insufficient to cover.2 

After forty years of experience with the Bankruptcy Act and the 

trials of the Great Depression, the debtor relief aspect of bankruptcy 

was enhanced by amendments3 to the Act which allows the debtor to 

petition for voluntary bankruptcy rather than waiting for one or more 

creditors to force the issue. All but 20 of the 7,986 Alabama petitions 

filed in the 1971-72 fiscal year were voluntary bankruptcies. Only 

248 or 3.1 percent of the 7,966 voluntary bankruptcy petitions were 

filed by business debtors, leaving 7,718 non-business or personal cases. 

These figures are presented for each Federal Court district in Table 1. 

In addition to the provision for voluntary filing by the debtor, 

the Chandler Act of 1938 provided for a modified form of bankruptcy. 

Under Chapter XIII, debtors whose primary sources of income are wages, 

salaries and commissions may submit a plan which provides for payment 

of creditors over a period of up to 3 years while the court protects the 

debtor from collection pressure and, in many cases, interest accumulation. 

The ramifications of Chapter XIII filings are quite different from those 
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of ordinary personal bankruptcy. The significant differences between 

the alternative proceedings are that Chapter XIII debtors do not face 

liquidation of their assets to meet creditor claims and they do pay 

all or a portion of claims rather than receiving relief from their ob¬ 

ligations through discharge. Debtors in Alabama make extensive use of 

wage earners plans, hence there is less stigma attached to the high per¬ 

sonal bankruptcy rates than the data on total filings would indicate. 

Statistical evidence 

Table 1 traces voluntary bankruptcy filings in Alabama's three 

Federal Court districts4 for the fiscal years 1962 through 1972. For 

the state as a whole, filings of personal bankruptcy petitions held at 

high levels throughout the early and mid-1960's, reached a peak in 

fiscal 1967 and declined thereafter with substantial decreases regis¬ 

tered in fiscal 1969 and again in fiscal 1972. Overall, wage earner 

filings declined after 1964 while straight bankruptcies rose through 

1971 before mitigating. There were substantial variations among the 

three Alabama Federal Court districts in the trend of filing rates and 

in the use of Chapter XIII plans. 

Table 2 was prepared to compare the extent of bankruptcy filings 

in Alabama with that in neighboring states and the United States. When 

differences in population are considered, only residents in sparsely 

populated Nevada made greater use of the bankruptcy courts in 1972 than 

did Alabamians. Tennessee and Georgia also rank high as bankruptcy 

users, Southern Mississippi approximates the national average and North¬ 

ern Mississippi and Florida make relatively little use of the procedures. 

Separating the Chapter XIII cases from the straight bankruptcy 

cases sheds further light. Alabama's three Federal Court districts led 

the nation in the use of wage earner's plans in 1972 and were followed 

by Western Tennessee which was a distant fourth. In fact, Alabama's 

5,502 wage earner filings accounted for 20.1 percent of the wage earner 

plans begun nationally in 1972. Eastern Tennessee and Georgia resi¬ 

dents also made extensive use of Chapter XIII during 1972 while Florida 

and Mississippi made almost no use of the plans. 

In straight bankruptcy, Alabama fared much better in comparison 

with the region and the national average. Middle and Eastern Tennessee 

and Northern Georgia were the only Federal Court districts in the five- 

state area which exceeded the national rate of straight bankruptcy 

significantly during 1972, and Southern Alabama, Northern Mississippi 

and the three Florida districts were substantially below the national 

average. 

The wide differences between bankruptcy rates in the various Fed¬ 

eral Court districts can be more readily explained after exploring the 

causes of financial distress and will be deferred until later in the 

paper. 

Little is known about the 7,718 non-business debtors in Alabama who 

filed voluntary petitions under the Bankruptcy Act in fiscal 1972 or the 
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TABLE 1. Number of voluntary bankruptcy cases filed in the Federal 

Court districts of Alabama during the fiscal years 1962-1972 

Fiscal Total Business Non-business (personal) 

year 

Total Straight Chapter Per 100,000 pop. 

XIII Straight Ch XIII 

Northern Federal Court District 

1961-62 6288 101 6187 834 5353 44.6 285.9 

1962-63 6850 116 6734 1011 5723 53.6 303.3 

1963-64 6693 144 6549 1299 5250 68.4 276.0 

1964-65 6566 144 6420 1239 5181 64.6 270.3 

1965-66 6313 165 6149 1213 4936 62.8 255.5 

1966-67 6749 145 6604 1402 5202 72.0 267.2 

1967-68 6614 170 6444 1564 4880 79.7 248.7 

1968-69 6073 140 5933 1424 4509 72.0 228.1 

1969-70 6354 149 6205 1654 4551 83.0 228.5 

1970-71 5914 178 5736 1609 4127 80.2 205.6 

1971-72 4986 154 4832 1485 3347 73.4 165.5 

Middle Federal Court District 

1961-62 1476 43 1433 271 1162 35.0 149.5 

1962-63 1364 44 1320 296 1024 37.9 131.2 

1963-64 1485 41 1444 348 1096 44.4 140.0 

1964-65 1636 29 1607 406 1201 51.7 152.8 

1965-66 1681 34 1647 438 1209 55.5 153.2 

1966-67 1783 46 1737 397 1340 50.1 169.2 

1967-68 1835 54 1781 430 1351 54.2 170.2 

1968-69 1555 47 1508 377 1131 47.3 141.9 

1969-70 1716 54 1662 427 1235 53.4 154.4 

1970-71 1736 46 1690 482 1208 60.0 150.4 

1971-72 1558 52 1506 491 1015 60.9 125.9 

Southern Federal Court District 

1961-62 1629 25 1604 167 1437 26.3 226.3 

1962-63 1760 31 1729 200 1529 31.5 240.8 

1963-64 1838 32 1806 251 1555 39.5 244.8 

1964-65 1757 40 1717 295 1422 46.5 223.9 

1965-66 1661 23 1638 345 1293 54.3 203.6 

1966-67 1789 35 1754 277 1477 43.6 232.6 

1967-68 1753 27 1726 251 1475 39.5 232.3 

1968-69 1566 27 1539 331 1208 52.1 190.4 

1969-70 1609 36 1573 312 1261 49.2 198.7 

1970-71 1658 23 1635 337 1298 53.2 204.7 

1971-72 1422 42 1380 240 1140 37.9 179.7 
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TABLE 1 (Continued) 

Total Alabama 

1961-62 9393 169 9224 1272 7952 38.7 242.1 

1962-63 9974 191 9783 1507 8276 45.6 250.6 
1963-64 10016 217 9799 1892 7907 57.0 238.2 

1964-65 9959 213 9744 1940 7804 58.1 233.8 

1965-66 9655 222 9434 1996 7438 59.5 221.7 
1966-67 10321 226 10095 2076 8019 61.5 237.7 

1967-68 10202 151 9951 2245 7706 66.2 227.2 

1968-69 9194 214 8980 2132 6848 62.5 200.9 
1969-70 9679 239 9440 2393 7047 69.8 205.7 

1970-71 9308 247 9061 2428 6633 70.5 192.6 
1971-72 7966 248 7718 2216 5502 64.0 158.9 

Source: Complied from Annual Reports of the Director, Administrative 
Office of the United States Courts for the Fiscal Years 1962-1972. 

paths which led each of them to the position of having one or more debts 

which they could or would not pay. It is probable that many others made 

private arrangements with creditors or moved away to avoid further col¬ 

lection efforts as an alternative to seeking relief through the Federal 

Courts. Nothing is known about these debtors. Since the debtors who are 

of interest here are those who are either unable or unwilling to pay some 

obligation, it is useful to review the debt collection process. 

Wage garnishment 

Some time prior to the onset of serious account delinquency, a 

creditor will normally attempt to place a past due account in a current 

condition by mailing a reminder. If this fails to bring a favorable 

response, a series of letters will be sent, each a bit more insistent 

than the one preceeding it. At some point, especially if the debt is 

unsecured, the creditor will likely threaten to "take other measures" or 

"refer the matter to our attorney." The implication is to pay up or 

suit will be instituted. If payment is not forthcoming or if satis¬ 

factory arrangements for payment are not made, the creditor will either 

write off the past due balance as uncollectible or he will enter suit for 

judgment for the amount of the balance due. Most suits brought by 

creditors are not defended and judgment is granted in absentia. The 

creditor now holds a judgment but unless he can force collection, he is 

in a worse position than before because the court action entails an 

out-of-pocket expense. Accordingly, judgment will not be sought unless 

one of the following conditions prevails: (1) The debtor has unencum¬ 

bered personal property the value of which exceeds the statutory exemp¬ 

tion, or (2) the debtor is employed. The first condition does not often 

obtain since the debtor will previously have disposed of any personal 

property of value for cash for living expenses or he will have pledged 

it as security for a loan. Judgment, then, is normally obtained with a 

view toward garnishment of the debtor's wage. 
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TABLE 2. Total, Chapter XIII, and Non-Chapter XIII, voluntary personal 

bankruptcy cases filed per 100,000 population in the Federal Court 

districts of Alabama, Florida, Georgia, Mississippi, Tennessee and the 

United States during the fiscal year ending June 30, 1972. 

State and Total Chapter XIII Non-Ch. XIII 

Federal Court Filings per Rank* Filings per Rank* Filings per Rank* 

District 100,000 100,000 100,000 

Alabama 

Northern 238.9 2 165.5 2 73.4 41 

Middle 186.9 4 125.9 3 60.9 50 

Southern 217.5 3 179.7 1 37.8 63 

Florida 

Northern 15.4 77 0.5 68 14.8 76 

Middle 31.9 66 0.4 73 31.5 66 

Southern 20.8 73 0.6 67 20.2 72 

Georgia 

Northern 151.9 15 41.6 13 110.7 17 

Middle 134.9 19 63.9 6 71.0 43 

Southern 115.2 28 62.7 7 52.4 56 

Mississippi 

Northern 35.4 65 0.3 76 35.1 64 

Southern 78.4 47 1.3 61 77.1 39 

Tennessee 

Western 163.7 10 82.2 4 82.2 38 

Middle 185.4 5 22.1 19 163.3 5 

Eastern 164.7 9 54.8 9 109.8 18 

United States 79.0 _ 13.1 _ 65.8 __ 

*Ninety (90) Federal Court Districts reported personal bankruptcies during 

Fiscal Year, 1972. 

Source: Compiled from data in the Annual Report of the Director, Adminis¬ 
trative Office of the United States Courts for the Fiscal Year, 1972. 

Thus, in order to satisfy his judgment, a creditor will obtain an 

order from a court of competent jurisdiction directing the debtor's em¬ 

ployer to withhold a portion of the accumulated wages owed the debtor. 

In Alabama the notice of garnishment is a continuing thing; thus, the 

employer must hold out the applicable portion of each pay period's wages 

and accumulate them until the full amount due the creditor is collected. 

The employer then remits this sum to the clerk of the court who in turn 

pays it over to the creditor. 
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The segregation of wages is a bothersome and expensive process and 

employers in Alabama and elsewhere have historically sought to avoid it 

either by discharging the offending employee or by threatening to do so 

if the employee does not promptly make satisfactory arrangements with 

his creditor. Federal statute6 now prohibits discharge of an employee 

upon receipt of garnishment from the first creditor. However, it can be 

observed that when one creditor garnishes, several garnish and, upon 

receipt of the second or third order to segregate wages, the employee 

may be fired. The practical effect of the statute in protecting debtors 

from job loss is almost nil. 

Consider the position of the debtor who, for whatever reason, finds 

himself unable to keep all of his obligations current. If one creditor 

threatens garnishment and the debtor thereupon applies all available fund: 

toward the reduction of this debt, his obligations to other creditors fal 

past due at an increasing pace and he may expect an increasing clamor 

from them. If he doesn't pay, he may expect to have part of his wages 

tied up, in which case he cannot pay other creditors and if his wages 

are garnished by more than one creditor, he may rightly fear loss of 

employment. In such circumstances, it seems reasonable to suppose that 

the protection afforded by bankruptcy will have a powerful appeal. Under 

straight bankruptcy his debts will be discharged, the slate will be clean 

and he will still have his job. If he files a wage earner's plan, cred¬ 

itor's collection efforts are held in check while the debtor works off 

his obligations. At the end of the plan he will have retired his debt 

while retaining his job and self-esteem and all without having any assets 

liquidated to satisfy creditors' demands. If the plan should fail, the 

remedy of straight bankruptcy may then be invoked, so the debtor loses 

nothing for trying. 

In view of the collection process and the observed fact that many 

bankrupts have had their wages garnished, it is not at all surprising 

that those who work with personal bankrupts often attribute bankruptcy 

to state wage garnishment laws. Preliminary work on this manuscript led 

the writers to discuss personal bankruptcy with two attorneys for bank¬ 

rupts, an attorney who regularly acts as a Trustee and two Referees in 

Bankruptcy. During the interviews, all gave as their opinions that bank¬ 

ruptcies would be far fewer if wage garnishment were not permitted. 

Other investigators have also found a relationship between garnish¬ 

ment and bankruptcy. Using a rank correlation technique, Stanley and 

Girth found that states with low rates of wage exemption from garnishment 

tend to have high personal bankruptcy rates and states with high wage 

exemptions tend to have low bankruptcy rates.6 In 482 consumer bank¬ 

ruptcy petitions filed in 1963 in Metropolitan Flint, Michigan, Dolphin 

found that only 10 percent had been garnished within the four months prio' 

to filing in bankruptcy but that in a sample group of 84 of the peti¬ 

tioners who were interviewed, 80 percent reported that they either had 

been garnished or threatened with garnishment in the weeks prior to filini 

and 75 percent cited garnishment or the threat as the reason for filing. 

In random sample consisting of 400 personal bankruptcy cases closed 

in 1965 in Oregon, Reed found that 18 percent of the cases (files) con¬ 

tained reports of actual wage garnishment but 37 percent of the peti¬ 

tioners listed garnishment or the fear of it to be the reason for filing. 
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Both the collection process and the observed frequency of experi¬ 

ence of bankrupts with garnishment and threats of garnishment have led 

researchers and practitioners to conclude that wage garnishment triggers 

bankruptcy in many cases. Far more important than the triggering of 

bankruptcy, however, are the underlying causes of the financial difficulty 

which brings on both garnishment and bankruptcy. We contend that garnish¬ 

ment must be considered here also. For some creditors, garnishment has 

become such a routine collection device to threaten or to use that they 

extend loans or sell on account to those who would not be accomodated if 

the device were not available.9 Consequently, some creditors allow im¬ 

provident borrowers to acquire obligations which they cannot repay and 

the result is an uncollectible debt for them and for other creditors as 

well. If the creditors who rely too heavily upon garnishment as "security" 

for otherwise insecure transactions were to suffer for their poor credit 

approvals, supposedly they would stop. Since they continue, it must be 

assumed that enough customers pay when threatened or actually garnished 

to make transactions with this class of borrowers and buyers worthwhile. 

Unfortunately the full private and social costs which result from 

excessive reliance upon garnishment are not reflected in the bad debt 

losses of the careless lenders. The improvident debtors bear financial 

and personal costs as a result of their financial distress. Their em¬ 

ployers lose as productivity declines in the face of rising financial 

pressure until multiple garnishments cause the employee to be discharged 

or he "skips" to avoid his debts. Other debtors, who remit promptly pay 

through higher prices and interest rates necessitated by bad debt losses, 

and creditors who made adequate and rational lending decisions at earlier 

stages lose when the debtor becomes unable to pay. 

Recommendations 

Personal bankruptcy and financially distressed households have be¬ 

come so widespread that strong consideration should be given to placing 

limits upon the use of garnishment which would curb abuse of the proce¬ 

dure. A very simple device for eliminating the abuse of wage garnish¬ 

ment would be to limit by statute the proportion of one's debtors that 

could be subjected to garnishment during a specified period. If the 

limits were set low enough, creditors would be forced to substitute care¬ 

ful credit investigations for garnishments and improvident debtors would 

be allowed to overextend themselves less often. 

In Florida, where wage garnishment is unavailable, debtors find 

themselves in need of bankruptcy relief less frequently than in nearby 

states. In Mississippi, where garnishments are frequently used. Referees 

in Bankruptcy discourage the use of Chapter XIII proceedings because they 

find them drawn out and time consuming. But in Alabama, Georgia and 

Tennessee, where both Referees and Trustees are well organized for ad¬ 

ministering wage earner plans, they are recommended to distressed debtors. 

Furthermore, distressed debtors may be more likely to select a particular 

escape route if they know others who have taken the same route; hence, 

bankruptcy (either straight or Chapter XIII) may, up to a point, stimulate 

more bankruptcy (but less skipping). 

Obviously much more needs to be known about the cause of financial 

difficulty and bankruptcy before they can be reduced significantly, but 
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it is thought that a strong case can be made for limiting the use of 

wage garnishment as a first step. Meanwhile, the use of Chapter XIII 

plans should continue to be encouraged in cases where the debtor's 

income is sufficient to provide a living and to discharge some or all 

of his obligations as well. 

FOOTNOTES 

'The several states are allowed to specify the amount and nature of 

assets which will be exempt. 

2Section 17 of the Bankruptcy Act specifies certain debts which are 

not affected by a discharge and which cannot, therefore, be escaped by 

bankruptcy. Among others, debts arising from any tax, fraud or false 

pretense, malicious acts, wife or child support, and most wages due one's 

employees are unaffected by the discharge. 

3 Public Laws of the United States, 75th Congress, 3rd Session, 

June 22, 1938. These amendments to the Bankruptcy Act are called the 

Chandler Act in the literature and in the U. S. Code. 

4The Northern Federal Court district is composed of the 31 counties 

to the north including Sumter, Greene, Tuscaloosa, Bibb, Shelby, Talla¬ 

dega, Clay and Cleburne; The Middle district is composed of the 23 

southeastern counties including Randolph, Tallapoosa, Coosa, Chilton, 

Autauga, Lowndes, Butler and Covington; and the Southern district is com¬ 

posed of the 13 southwestern counties including Choctaw, Marengo, Hale, 

Perry, Dallas, Wilcox, Conecuh and Escambia. In fiscal 1972, there were 

2,022,030 persons in the Northern; 805,609 in the Middle and 634,268 in 

the Southern Federal Court district. 

5Consumer Credit Protection Act of 1968, 15 U.S.C.A. Section 1674. 

6David T. Stanley and Marjorie Girth, Bankruptcy: Problem, Process, 
Reform (Washington, D.C.: The Brookings Institution, 1971), pp. 28-32 

and 236-241. 

7Robert Dolphin, Jr., An Analysis of Economic and Personal Factors 
Leading to Consumer Bankruptcy (East Lansing, Michigan: Bureau of 

Business and Economic Research, Michigan State University, 1965), p. 18. 

8Edward W. Reed, Personal Bankruptcies in Oregon (Eugene, Oregon: 

Bureau of Business and Economic Research, University of Oregon, 1967), 

pp. 96-97. 

9 In 1971 the Mississippi Manufacturers Association surveyed its mem¬ 

bership to determine the extent of their experience with garnishment. 

The 241 companies reporting garnishment actions during the year listed 

a total of 4,776 actions. Of this total, 4,141 or 86.7 percent were 

accounted for by loan companies and credit retailers. 
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MODELING CW CHEMICAL LASERS 

T. G. Roberts and W. A. Friday 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

ABSTRACT 

The theoretical model created by Airey for the pulsed Cl + HBr 

laser has been modified, generalized, and applied to the study of cw 

chemical lasers. Simple aerodynamic and exponential mixing schemes 

have been included, and the output power can be calculated by assuming 

that only the line which shows maximum gain radiates or by assuming that 

all the lines which exceed threshold radiate. The first case (single 

line model) results when rotational-rotational cross relaxation is ex¬ 

tremely fast and the second case (multiline model) results when the 

cross relaxation is very slow. The model is also modified to calculate 

the effects produced by a lack of rotational and translational tempera¬ 

ture equilibration or by the rotational distributions deviating from 

Boltzmann. 

The characteristics of the premixed cw Cl + HBr laser are calcu¬ 

lated and the effects on the output power of varying certain engineering 

parameters are emphasized. These results are then used as a standard 

case for comparisons with the calculations which include mixing, tempera¬ 

ture, or rotational distribution effects. 

INTRODUCTION 

Chemical lasers are inherently self-terminating and are made to 

operate continuously by passing the reactants through the optical cavity 

very rapidly. Therefore, the analytical model of a laser of the type 

illustrated in Figure 1 should include means for calculating the condi¬ 

tions which exist in the arc or prebumer; the thermodynamic properties 

and chemical compositions that are obtained in the plenum; the non¬ 

equilibrium aerodynamic expansion of the various gases through the neces¬ 

sarily complex nozzle arrays; and the very complex mixing phenomena which 

are coupled to the aerodynamics, chemical reaction kinetics, and the 

radiation field as these gases move through the optical cavity. If a 

diffuser is used to achieve some pressure recovery, then these effects 

should also be calculated. 

Attempts to make these calculations generally lead to extensive 

computer programs even when many simplifying assumptions are made (1-16). 

However, the Cl + HBr reaction is only exothermic enough to excite HC1 to 

its first vibrational level, so that a simple model can be developed 

for this particular cw chemical laser. Thus, the theoretical work of 

Airey (1) for pulsed lasers has been modified, generalized, and applied 

to the study of cw chemical lasers. Simple one-dimensional aerodynamics 

and mixing schemes have been included. The power is extracted by assum¬ 

ing that only the line which shows maximum gain radiates or by assuming 

that all lines which exceed threshold radiate. The first case results 

when rotational cross relaxation is extremely fast and the second case 
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END 
TRANSITION 

FIGURE 1. Schematic of arc-driven supersonic laser 

results when the cross relaxation is very slow. The effects produced 

by a lack of rotational-translational temperature equilibration or by the 

rotational distributions deviating from Boltzmann in a simple manner has 

also been added. 

This article describes the model and presents the calculations for 

the pre-mixed case. The output power as a function of several engi¬ 

neering parameters is emphasized, and these results are then used for 

comparison with the calculations which include mixing, temperature 

difference or rotational distribution effects. 

MODEL DESCRIPTION AND TYPICAL RESULTS 

The concept of the model is illustrated schematically in Figure 2. 

The conditions in the plenum and at the nozzle exit are calculated using 

a NASA-Lewis computer program (14). The output of this program gives 

the concentrations of the various chemical species in the flow, the flow 

velocity, and temperature at the nozzle exit. A concentration of the 

molecular reactant at the same temperature and velocity is now added to 

these results to obtain the initial conditions for the calculation of the 

phenomena which occur as the flow moves through the optical cavity. 

The equations which describe these effects are numerically inte¬ 

grated for the conditions in a slab of gas of the thickness Ax as it 

moves downstream between the mirrors. Thus, only plane mirrors and 

those photons moving parallel to the Y-axis are considered. The intensity 
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PRESSURE 
MONITORING 

1. SLAB OF THICKNESS dx AT x - 0 
WHERE A AND BC ARE UNIFORMLY 
MIXED. 

2. SAME SLAB AT x - dx - vdt WHERE 
THE REACTION Cl + HBr HAS 
PRODUCED SOME HCI 

3. SAME SLAB AT x = 2dx - 2vdt 

FIGURE 2. Schematic of model concept. 

in directions other than Y is taken to be zero at all times; i.e., para¬ 

sitic oscillations are not considered, even though the calculated gains 

are large enough to indicate that they could be very important in practice. 

Cavities with curved mirrors are often used, but they are not treated 

here because such cavities tend to couple the radiation field at each 

point to all of the active medium, which considerably complicates the 

calculations (12). Parasitic oscillations, if they occur, would cause 

the calculated ouptut powers to be too large and may cause damage to 

the laser hardware. 
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To obtain the power extracted from the cavity, or the small signal 

gain as a function of the position in the cavity, the gas is assumed to 

be uniform in the Y direction and of length (£) and the velocity is as¬ 

sumed to be constant during the time required for the gas to pass 

through the lasing zone. The radiative losses are divided into two 

parts; one part is useful and is given by an output coupling coefficient 

(Lc), while the other losses which do not contribute to the power in the 

laser beam are combined to give an "effective" reflectivity (R) for one 

of the mirrors. With these assumptions, the populations of the vibra¬ 

tional-rotational levels of interest can be calculated and used to deter¬ 

mine either the small signal gain or the spatial distribution of the 

intensity in the extracted beam (17). 

In the premixed case with rotational equilibrium at the translational 
k-i 

temperature, and for a general reaction of the type A + BC AB(v=i) + 

C = + C, where is the rate of producing the molecule AB in the i1*1 

vibrational state and is used to represent the concentration of the 

AB molecule in the ith vibrational state, the model is described by the 

following system of equations: 

1 1 i j i k 

+ (1) 

i J 

(2) 

i 

N. 

Ni(2J + 1) 
exp -BJ(J + 1) 

he 

kT 
(3) 

iJ 

i, J - 1 

«i- 1, J 

i - 1 

1 
2 

4rtc 

(4) 
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or 

S 
J ( N 

2J - 1 

i, J - 1 
N 
i - 

2J 1 
1 

H1 - Lc) 

1 

rti - 1 

2nc 

(5) 

In Equation (1) the first term on the right hand side (RHS) gives the 

rate of production of Ni by the chemical reaction, the second term gives 

the vibrational relaxation caused by intrinsic collisions, the third term 

gives the vibrational relaxation caused by extrinsic collisions, and the 

last term gives the relaxation caused by induced radiation transitions. 

Spontaneous radiation is very small by comparison and has been neglected. 

Mk represents the kth component of the flow and k is summed over all 

gaseous species, with the exception of the Ni's. Equation (2) gives the 

translational-rotational temperature where Cy is the specific heat at 

constant volume, p is the density, F is the fraction of the reaction 

energy which is channeled into the vibrational mode, and W is the total 

energy released per reaction. The rate that energy is fed into the 

translational and rotational modes by collisional deactivation is small 

and does not affect the results, therefore, it has been neglected. 

Equation (3) is used to calculate the distribution among the rotational 

energy levels, (J), for each vibrational level (i). The rotational 

constant is given by B, and k is Boltzmann's constant. 

Once Nitj is known. Equation (4) can be used to calculate the small 

signal gain for each transition if desired, or, by specifying the loss 

coefficients (R and Lc), Equation (5) may be used to determine when the 

threshold is exceeded. When threshold is exceeded, the output power can 

be calculated by assuming that only the line which shows maximum gain 

radiates or by assuming that all lines which exceed threshold radiate. 

The first case results from assuming that rotational-rotational cross 

relaxation is infinitely fast and the second case results when it is as¬ 

sumed that the cross relaxation is infinitely slow. However, the real 

interaction lies somewhere between these two limits. 

The method used for solving these equations is to solve Equations (1) 

and (2) for and T assuming to be zero. Equation (3) is used to 

determine j which is used in Equation (4) to calculate the small sig¬ 

nal gain, or in Equation (5) to determine if threshold has been reached. 

If threshold has not been reached, these results are valid as initial 

conditions for calculating the conditions at the next position in the 

cavity. When threshold is reached (to take all of the available power 

out on the transition which shows maximum gain), the critical inversion 

density, i.e., the value of the RHS of Equation (5), is substituted for 

the calculated inversion density in Equation (1) and, after adjusting the 
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rates to maintain this inversion density constant. Equation (1) is solved 

algebraically for p^. This yields the photon flux in the cavity at the 

position x and consequently the output power in the beam at this position. 

To extract the available energy in each line which exceeds threshold, the 

calculated inversion densitites are subtracted from the critical inversion 

densities to give the photon flux for each transition which exceeds thresh¬ 

old. These differences are then summed and the sum is subtracted form 

% and added to N^-i. The new values of are then used for initial 

conditions to continue the calculations. The calculations are continued 

until the downstream point in the cavity is reached where lasing no longer 

occurs, or until the gains are no longer positive. 

The reaction Cl + HBr -*■ HC1 + Br is only energetic enough to produce 

HC1 in either the v = 0 or the v = 1 levels, and the above equations 

reduce to 

k. 

Cl + HBr HCl (v = i) Br 

Sn 

~ = kQ[Cl] [HBr] + NjZ jb x [ Cl] + <b 2 [HBr ] + <J> [lift + Zb ' 

N1 J-l N0J 

2J - 1 2J + 1 J pJB0 

^ - 0.61 NqN2 

(6) 

Sn 

^ ‘ [Cl] [HBr] + (n2 - N^Z b^Cl] + b2[HBr] + b [M]| 

- 2Zb ' Nx - 0.61 NqN2 
1 J-l 0J 

2J - 1 2J + 1 JPJB0 ’ 

5n2 

Sx 
' ^ = Zb’[N2 - 0.61 NqN2] - N2Z {b1[Cl] + b 2[HBr] + b[M] } ■ 

(8) 

SI . Sx _ / \ 
Sx St PC { 0 lj 

[Cl][HBr] <1 - 

-ft" 

15.5 x 10J , (9) 
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N. 

NiJ = O1 6XP ' 
r 

BJ(J + 1) 

(10) 

(ID 
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Q 
r 

kT 

he B 

Qj = 3.07 X 10 J 
16 ( Nl, J - 1 N0J 

2J - 1 2J + 1J ’ 

j i ^ j -1 N°J 
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Av 

P = h cL 10 7 p Ax 
x c c 2 J 

Av 

P = h L c -r^ 10 
c c 2 / Pj(x) Sx 

(12) 

(13) 

(14) 

(15) 

where he is the height of the cavity, c is the velocity of light, and 

Avq is the line width. The rate constants for collisional deactivation 

have been written as being equal to the product of the collision number 

(Z) and an efficiency factor (<T>). The factor c|> is the probability of 

deactivation per collision and is sometimes called the energy transfer 

probability. The factor 0.61 in the intrinsic collisional deactivation 

terms enters because the reaction Ni + Ni *->N2 + No is 104 cm~l out of 

resonance and the forward and reverse reaction rates have been com¬ 

pared at 300°K. The reaction Nl + HBr(v=0) -+ Nq + HBr(v=l) is 327 cm_l 

exothermic and has been neglected because it is out of resonance and the 

concentrations of HBr(v=l) during the times of interest are small. 

The input data needed for this example in addition to the initial 

concentrations and temperature are as follows. Physical and geometrical 
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constants needed are h = 6.62517 x 10 ergs, c = 3 x 10^ cm sec ^, 

3 = 10.20 cm \ A^ = 30 sec ^, Z = 5 x 10"*"^ cm^ molecule * sec 

W = 15.5 Kcal mole \ and v = 2 x 10“* cm sec \ Av = 5 x 10 ^ sec 

R = 0.92, £ 60 cm, h =2 cm, and L = 0.02. Reaction rates and energy 

C C -12 3 -1 -1 
transfer probabilities are k^ = 4 x 10 cm molecule sec , k^ = 

8 x 10 ^ cm^ molecule ^ sec \ Cp = 10 = 10 ^, q,^ = 10 \ and 

fR1 = 10~2. 

Typical computed results are shown in Figure 3. The concentration 

of Nq, N-^, - Nq, the zero-power gain for several P-branch transitions, 

and the translational temperature are shown as a function of cavity 

position for the case where no lasing occurs. The concentration of Nq, 

Nf, - Nq, and the output power extracted in the transition which shows 

maximum gain as a function of cavity position are shown for the case when 

lasing is allowed. The initial conditions were [cl] = [HBr] = 10^7 cm~3, 

[M] = 3 x 1017 cm ^ an(j tq = 300°K. When lasing is suppressed, a total 

inversion is obtained for a distance approximately equal to that over 

which power is extracted when lasing is allowed. However, when power is 

extracted, only a partial inversion is obtained as indicated. This was 

the case for all runs and is a result of the strong coupling in the cavity 

between the chemistry and the radiation field. The J-shifting is a 

result of both the increasing temperature and the changes in the concen¬ 

trations of Ni and Nq. The lower J values lase initially and may show 

large peak powers, shifting occurs rapidly initially and as indicated 

most of the power is extracted in the higher J-values. 

The small signal gain for several P-branch transitions are shown 

in Figure 4 for two different sets of initial concentrations. When the 

concentrations, and therefore the cavity pressures, are increased the 

small signal gains are increased while the distance over which the gain 

is maintained is shortened. This same effect is observed when power is 

extracted, and there is a tendency for the product (PXo) to remain con¬ 

stant, where P is the power extracted and Xq is the cavity position where 

lasing ceases. This indicates that high concentrations which lead to 

high cavity pressures cannot be used without confronting the problems 

created by extremely high power densities on the mirrors and the real 

problems created by parasitics. The gain curves in this figure can be 

made to approximately coincide if the gain and position axes are scaled 

appropriately, which indicates the previously mentioned scaling property 

and that an analytical solution for this type of model may be possible. 

The power versus position are shown in Figure 5 for both the single 

line model (curve B) and the multiline model (curve A). The curve for 

extraction at a single frequency shows characteristic jumps caused by 

J-shifting while several frequencies are radiating at each cavity posi¬ 

tion for curve (A). Approximately 50 percent more power is extracted 

when only one line is allowed to radiate. This results from infinitely 

rapid rethermalization of the rotational states so that each rotational 

level is allowed to feed the one from which the radiation originates and 

to redistribute the particles among the rotational levels of the lower 

vibrational level. However, when each line which exceeds threshold is 

327 



Modeling CW Chemical Lasers 

FIGURE 3. Typical program output showing plots of Nq, Np N-^ - Nq, a; 

Tr versus cavity position when lasing is suppressed and plots of Nq, Np 

Nf - Nq; and versus cavity position when power is being extracted. 

All concentrations are in units of cm-3. 

allowed to radiate, only those particles in each P-branch transition 

that exceeds threshold contribute to the radiation field and very little 

redistribution among the rotational levels is allowed during each inte¬ 

gration step. The power which is being extracted in each P-branch 
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FIGURE 4. The zero-power gain, a, versus cavity position for several P- 

branch transitions and for two sets of initial conditions. All concen¬ 

trations are in units of cm~3. 

transition as a function of position is plotted in Figure 6. Figure 6 

corresponds to curve (A) in Figure 5 and a vertical line constructed at 

any cavity position will cross the curve for each transition which is 

lasing at that position. 

For high gain systems, like these, a large variation in the output 

power can be obtained by varying certain parameters. For example, there 

is a threefold increase in the output power when the coupling coefficient 

(Lc) is varied from 2 to 20 percent with little change in X0 for this 

increase. The variation of the power with Lc is shown in Figure 7, and 

Figure 8 is a plot of the variation of the output power with some engi¬ 

neering parameters such as the atomic chlorine concentration [curve (A)], 

the diluent concentration [curve (B)], the Cl to HBr ration [curve (C)], 

and the density in the cavity or the cavity pressure at t = 0 [curve (D)]. 

In curve (D) it should be recalled that as the pressure increases Xq de¬ 

creases. Therefore, the power density at the mirror surfaces increases 

much more rapidly than this curve indicates; the power density at the 

mirror surface varies as P/Xq. 
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FIGURE 5. Output power versus cavity position for several lines 

radiating (A) and a simple line radiation (B). All concentrations 

are in units of cm"3. 

CALCULATIONS WITH TR ^ T AND WITH THE ROTATIONAL 

DISTRIBUTION BEING NON-BOLTZMANN 

It is well known that in principle molecular lasers can oscillate 

on many transitions, but in normal laser cavities, in general, one or 

only a few transitions will oscillate at a given time. This is due to 

a strong collision coupling between the transitions; the nonlasing 

transitions will transfer their energy into the lasing transitions. 

These cross-relaxation processes tend to distribute excited molecules 

throughout the inhomogeneously broadened gain profile, and this acts to 

some extent as if it were homogeneously broadened; i.e., saturating radi¬ 

ation at one frequency will cause some saturation over the entire gain 

profile. For example, when the cross relaxation is large an appreciable 

part of the power given to a laser mode can come from molecules that at 

any given time are situated outside a region analogous to the Bennett 

holes. 

Cross-relaxation effects have been extensively studied in CO2 lasers 

(18-36) and from experimental observations one finds on the one hand that. 

330 



Journal of the Alabama Academy of Science 

FIGURE 6. Output power versus cavity position for each transition which 

lases. All concentrations are in units of cm-3. 

due to strong coupling, only a few (sometimes one) transitions lase; on 

the other hand, transitions which are lasing are very unstable and small 

disturbances of the system can quite easily switch the laser onto other 

oscillating transitions. Thus, it is reasonable to expect that these 

cross-relaxation effects will influence the results obtained in many 

experiments that involve the saturation of a gas laser line, and in 

this section we treat the effects of cross-relaxation on the output power 

of the flowing Cl + HBr chemical laser. 

Unlike CO2 the rotational spacings of molecules like HF, HC1, and 

HBr are quite large. This can cause the time required for the rotational 

distribution to return to a Boltzmann one, once it has been distributed, 

to be long when compared to molecules like CO2 which have small moments 

of inertia. The above model can be used to calculate the effects on the 

output power of having the energy remain in the rotational mode for a 

short time so that the rotational temperature is larger than the trans¬ 

lational temperature. This is accomplished by adding 

TR = (1 + f) T 

after equation (2) and using Tr in equation (3) to calculate the rota¬ 

tional distributions which are still Boltzmann. The results obtained 
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FIGURE 7. Total power extracted versus Lc. All concentrations are in 

units of an~3. 

when f is allowed to take the values 0, 0.05, 0.10, and 0.20 are pre¬ 

sented in Table 1, for both the single line and the multiple line output 

power models. The output power decreases by 8% or less for a 20% dif¬ 

ference in the temperatures. This decrease is due primarily to the 

lasing shifting to larger J values sooner in the cavity. 

TABLE 1. Effect of T j* T on output power. 
K 

" 1 " 1 '.-.— ■ ~ " - 

f 

Single Line AP 

Output Power P 

Multiple Line AP 

Output Power P 

0 8043 5324 

0.05 7886 1.9% 5210 2.4% 

0.10 7722 4.0% 5102 4.5% 

0.20 7405 7.9% 4908 8.1% 

In order to properly account for the effects of various rotational 

distributions, it would be necessary to know the rate at which the mole¬ 

cules are born in each rotational level of interest and all of the rates 

for cross relaxation to other rotational levels. If these rates were 

known then an additional set of say 20 equations similar to equations (1) , 
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B I_L_I_I_I_I_1_1_1_1_1_I_I— 
0123456789 10 11 12 

DILUENT CONCENTRATION (x 101'PART/cm3) 

c I_I_I_I_I_I 
0 0.5 1.0 1.5 2.0 2.1 

CI/HBr RATIO 

D I_I___I_I_I_I 
0 5 10 15 20 25 

CAVITY PRESSURE (torr) 

FIGURE 8. Plots of the total power extracted versus [Cl], [M], [Cl]/ 

[HBr], and pressure curves (A), (B), (C), and (D), respectively. All 

concentrations are in units of cm-3, and concentrations for each 

calculation are indicated. 

could be solved for the populations in the various rotational levels in 

each vibrational level of interest. However, none of these rates are 

known, and it is usually assumed that the populations of the rotational 

levels are predominately determined by collisions so that the solutions 

for these equeations are always Boltzmann as given by equations (3). 

This is nearly always the case for CO2, but for molecules with large 

rotational constants the spacing between the rotational levels corre¬ 

sponding to large J values is quite large and for those transitions in¬ 

volved in the lasing this assumption may not be true. That is, the 

rotational level from which the lasing originates may be depleted faster 

than they can be refilled by cross-relaxation due to collisions, and 

the rotational levels on which the lasing transition terminates may be 

filled faster than they can be emptied by collisions. This can be simu¬ 

lated in the model by letting the rotational distributions be Boltzmann 

333 



Modeling CW Chemical Lasers 

where lasing does not occur and deviate from Boltzmann only where lasing 

does occur. To accomplish this equations (3) are replaced by 

N.(2J +1) 

N = [1 ± f(J)] -J—q- exp [-BJ(J + 1) jg], (3') 

where f(J) is zero for those transitions that do not exceed threshold 

and is a fixed percentage of the amount by which the left hand side of 

equation (5) would exceed the critical inversion density for those 

transitions that do exceed threshold. The negative sign is taken when 

calculating the rotational distribution of the upper laser levels and 

the positive sign for the lower laser levels. Equations (3') gives 

distributions which are Boltzmann-like except that there is either a 

hole or a bump for those J values involved in the lasing. The results 

obtained when f is allowed to assume the values 0, 10%, and 20% are 

presented in Table 2, where it may be seen that even a 20% deviation 

from Boltzmann as defined here causes only a very small decrease in the 

output power for the multiple line model. But, there is a strong effect 

on the nature of the J shifting in that lines now come back on further 

down the cavity. There are shifts back to lower J values due to changes 

in the concentrations even though the temperature is increasing. This 

effect is illustrated in Figure 9 where the output power in the Pp(10) 

and P}(13) transitions has been plotted as a function of position in the 

cavity. 

Table 2. Effect of non-Boltzmann Rotational Distributions on the output 

power. 

Deviation From Boltzmann 

For Lasing Lines 

Multiple Line 

Output Power 

AP 

P 

0 5324 "j 0.9% 

10% 5276 -1 

20% 5258 "j 0.3% 

CALCULATIONS INCLUDING SIMPLE MIXING SCHEMES 

Even though the mixing phenomenon is an essential part of chemical 

laser modeling, many early models, including the one treated here, as¬ 

sumed instantaneous mixing and a uniform flow through the optical cavity 

with nearly constant aerodynamic and thermodynamic features. Since these 

early models were developed, many attempts to include realistic mixing 

schemes have been made (5,7,9,11,15) and even two-dimensional models 

which treat temperature and pressure gradients across the flow field 

are being perfected (37,38). 

However, any scheme which attempts to properly treat the mixing 

phenomena will require large amounts of computer time and much detailed 
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X(mm) 

FIGURE 9. Output power versus cavity position for the Pj(10) and P^(13) 

for a 20-percent deviation from Boltzmann. All concentrations are in 
units of cm-3. 

information about the particular device for which calculations are being 

made. To circumvent this and to obtain an idea of the effects and trends 

which can be expected as a function of the rate at which mixing is ac¬ 

complished, simple mixing schemes which require very little machine 

time have been used. In one of these the concentrations of the active 

species are allowed to enter the active volume in an exponential manner, 

and the length of the active volume is increased linearly from near zero 

to l where the mixing is nearly complete. That is, the concentration 

at positions downstream of the nozzle exits are given by 

[Cl] = [C1]Q (1 - e~bX) - [HC1] 

and 

[HBr] = [HBr] (1 - e bX) - |_HCl]. 
o 

where b is an inverse length called the mixing length, and [Cl]0 and 

[HBr]0 are the initial concentrations of Cl and HBr, respectively. Here 

b is taken to be the same in both equations but it may be different in 

each equation if desired. 

It is expected that when a comparison is made with experimental data, 

b will be adjusted so that either the position of onset of lasing or the 

position of maximum power extraction is matched and then the calculated 
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total output power, beam profile, and spectral content will be compared 

with measured values. The calculated output power as a function of 

cavity position for our standard case with b - 0.15 cm“l and b - 00 cm-l 

are plotted in Figure 10. When b - 00 cm~l, the lasing begins almost 

immediately, reaches a peak at about 0.1 mm downstream and stops near 

4 mm downstream with the total output power being 5340 watts. When b - 

0.15 cm-^ the lasing onset is delayed until 1.3 mm downstream, the peak 

is much broader and is not reached until approximately 12 mm while the 

lasing continues for some 35 mm. The total output power for this case 

is only 4241 watts. Larger values of b cause the results to approach 

the case with b = °° cm"l while small values of b spread the lasing out 

still farther and reduce the peak power and the total output power, until 

the mixing is so slow that threshold is not reached. 

DISCUSSION 

The aerodynamic and thermodynamic features of this model have been 

simplified to the point of assuming uniform flow through the cavity at a 

constant density and velocity with the mixing being either instantaneous 

FIGURE 10. Output power versus cavity position for premixed case b = <*> 

cm“l [curve (A)] and a mixing length of 0.66 cm, b = 1.5 cm~l [curve (B)]. 

All concentrations are in units of cm-3. 
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or occurring in a very simple manner which does not disturb the flow. 

This model has been applied to the simplest possible chemical system, 

and the various kinetic rates have even been taken to be independent of 

temperature. These assumptions tend to invalidate the quantitative as¬ 

pects of the results; however, it is these simplifying assumptions which 

allows the new phenomena resulting from the interaction of the radiation 

field, the chemical kinetics, and the various relaxation processes to be 

emphasized. The cw Cl + HBr chemical laser has not been operated and a 

direct comparison with experimental data cannot be made. However, the 

trends and gross features of the model are expected to be experimentally 

observable in other cw chemical lasers. For example, features which are 

produced by increasing the mixing length such as the delay of lasing 

onset, the spreading of the lasing zone, and the lowering of the output 

power have been observed in cw HF lasers. The relatively small reduction 

of the output power, and the switching of the J values which are pro¬ 

duced by the temperature effects have also been observed, but the 

switching of the J values which are produced by rotational distributional 

changes have not been observed. 

LITERATURE CITED 

1. Airey, Richard J. 1969. The Cl + HBr Pulsed Chemical Laser - A 

Theoretical and Experimental Study. Avco Everett Research Laboratory, 

Report No. 336. 

2. Roberts, T. G., W. A. Friday, D. W. Howgate, and T. A. Barr, Jr. 

1971. Continuous Wave Chemical Laser Modeling Assuming Instantaneous 

Mixing. U. S. Army Missile Command, Redstone Arsenal, Alabama, 

Report No. RR-TR-72-6. 

3. Emanuel, G. and J. S. Whittier. 1971. Closed-Form Solution to Rate 

Equations for an F + H2 Laser Oscillator. Aerospace Report No. 

TR-0172(2754)-1, Air Force Report No. SAMSO-TR-72-71. 

4. Emanuel, G., W. D. Adams, and E. B. Turner. 1972. Resale - 1: A 

Chemical Laser Computer Program. Aerospace Report No. TR-0172(2776) 

-1, Air Force Report No. SAMSO-TR-72-39. 

5. Mirels, H., M. R. Hofland, and W. S. King. 1972. Simplified Model 

of a CW Diffusion-Type Chemical Laser. Aerospace Report No. TR-0172 

(2240)-10)-5 , Air Force Report No. SAMSO-TR-72-142. 

6. Kerber, R. L., G. Emanuel, and J. S. Whittier. 1972. Computer and 

Parametric Study for a Pulsed H2 + F2 Laser. Aerospace Report No. 

TR-0172(2753)-3, Air Force Report No. SAMSO-TR-140. 

7. Thoenes, J. and A. W. Ratliff. 1972. Analytical Program for Con¬ 

tinuous Wave Chemical Laser Device. Lockheed Report No. HREC-0680-1, 

LMSC-HREC D225105. 

8. Emanuel, G., N. Cohen, and T. A. Jacobs. 1972. Theoretical Per¬ 

formance of an HF Chemical Laser. Aerospace Report No. TR-0172 

(2776)—2. Air Force Report No. SAMS0-TR-72-154. 

337 



Modeling CW Chemical Lasers 

9. Emanuel, G. and W. D. Adams. 1972. Resale-2, CC>2, and Inhale. 

Aerospace Report No. TR-0073(3430)-4, Air Force Report No. 

SAMS0-TR-7 2-210. 

10. Bronfin, B. R., et al. 1972. Presentation Material Final Oral 

Review, NARL Report No. L911252-15. 

11. Ratliff, A. W. and J. Thoenes. 1972. Development and Application 

of Analytical Models for Chemical Lasers - Midterm Report. Lockheed 

Report No. HREC-0493-1, LMSC-HREC D306045. 

12. Rensch, D. B. and A. N. Chester. 1971. Chemical Laser Mode Control 

Program. Final Technical Report, Contract DAAH01-70-6-1082. 

13. Meinzer, R. A., R. J. Hall, and C. J. Ultee. 1971. Investigation 

of the Characteristics of a Small-Scale Chemical Combustion Laser 

(U). Final Report, UARL Report No. K911000-17. 

14. Zeleznik, F. and S. Gordon. 1962. A General IBM 704 or 7090 Com¬ 

puter Program for Computation of Chemical Equilibrium Compositions 

Rocket Performance and Chapman-Joureet Detonations. Lewis Research 

Center, Cleveland, Ohio. NASA TN D-1454. 

15. Thoenes, J., A. W. Ratliff, and J. W. Benefield. 1971. Analytical 

Program for Continuous Wave Chemical Laser Device. U. S. Army 

Missile Command, Redstone Arsenal, Alabama. Report No. RK-TR-71-19. 

16. Falk, T. J. 1972. Mixing in Subsonic HF Laser. Calspan Corpora¬ 

tion Semi-Annual Technical Report No. WG-5173-A-1. 

17. Roberts, Thomas G. 1970. Notes on Chemical Lasers, Part I - 

Background, Revised Edition. U. S. Army Missile Command, Redstone 

Arsenal, Alabama. Report No. RR-TR-70-18. 

18. Bridges, T. J. 1966. Competition Hysteresis and Reactive Q-Switch- 

ing in CO2 Lasers at 10.6 Microns. Appl. Phys. Letters 9:174. 

19. Hotz, D. F. and J. W. Austin. 1967. Gain Saturation Flux And 

Stimulated Emission Cross Section For The 10.6 y Line of CO2. Appl. 

Phys. Letters 11:60. 

20. Borde', C. and L. Henry. 1968. P-6-Study of the Lamb Dip and of 

Rotational Competition in a Carbon Dioxide Laser. IEEE J. Quantum 

Electron. QE-4:11:874. 

21. Bridges, T. J., H. A. Haus, and P. W. Hoff. 1968. CO2 Laser Line 

Width by Measurement of Step Response. Appl. Phys. Letters 13:316. 

22. Carroll, T. 0. and S. Marcus. 1968. A Direct Measurement of the 

Rotational Relaxation Time in CO2• Phys. Letters 27A:590. 

23. Mocker, H. W. 1968. Rotational Level Competition in CO2 Lasers. 

IEEE J. Quantum Electron. QE-4, No. 10:769. 

338 



Journal of the Alabama Academy of Science 

24. Peressini, E. R. and G. J. Linford. 1968. Effect of Cross Relaxa¬ 

tion on The Spectral Flux and Population Inversion Distribution in 

a CW Laser Oscillator. IEEE J. Quantum Electron. QE-4, No. 10:657. 

25. Rhodes, C. K., M. J. Kelly, and A. Javan. 1968. Collisional 

Relaxation of the 10°0 State in Pure CO2• J. Chem. Phys. 48:5730. 

26. Abrams, R. L. and P. K. Cheo. 1969. Collisional Relaxation of 

CO2 Rotational Levels by N2 and He. Appl. Phys. Letters 15:177. 

27. Bridges, T. J., H. A. Haus, and P. W. Hoff. 1969. G-9-Small- 

Signal Step Response of Laser Amplifiers and Measurement of CO2 

Laser Linewidth. IEEE J. Quantum Electron. QE-4, No. 11:777. 

28. Brzhazovsky, Yu. V., V. P. Chebotayev, and L. S. Vasilenko. 1969. 

Collision Effect on the Saturation Character of Vibration-Rotation 

Transitions For C0°1 - 10°0 Band of CO2. IEEE J. Quantum Electron. 

QE-5, No. 3:146. 

29. Chan, F. T. and C. L. Tang. 1969. Rotational Transition of CO2 

Molecule by Collisions. J. Appl. Phys. 40:3806. 

30. Cheo, P. K. and R. L. Abrams. 1969. Rotational Relaxation Rate of 

CO2 Laser Levels. Appl. Phys. Letters 14:47. 

31. Crafer, R. C., A. F. Gibson, and M. F. Kimmitt. 1969. Rotational 

Relaxation and Gain Saturation in CO2 Laser Amplifiers. Britt. J. 

Appl. Phys. (J. Phys. D.) 2:1135. 

32. Kan, T. , H. T. Powell, and G. J. Wolga. 1969. Observation of the 

Central Tuning Dip in N2O and CO2 Molecular Lasers. IEEE J. Quantum 

Electorn. June, p. 299. 

33. Pollack, M. A. 1969. Far-Infrared Laser Gain Resulting From Rota¬ 

tional Perturbations. IEEE J. Quantum Electron. QE-5, No. 12:558. 

34. Witteman, W. J. 1969. Mode Competition in Lasers with Homogeneous 

Line Broadening. IEEE J. Quantum Electron. QE-5, No. 2:92. 

35. Witteman, W. J. and R. J. Carbone. 1970. Rotational Transition 

Competition in a Single-Mode CO2 Laser. IEEE J. Quantum Electron. 

QE-6, No. 7:396. 

36. Smith, P. W. 1972. The Effect of Cross Relaxation on the Behavior 

of Gas Laser Oscillators. IEEE J. Quantum Electron. QE-8, No. 8:704. 

37. Bronfin, B. R., et al. 1973. Development of Chemical Laser Com¬ 

puter Models. UARL Report No. M911252-14. 

38. Thoenes, J., et al. Contracts DAAH01-72-C-0493 and DAAH01-73-C-0232 

to Lockheed for the Development of Chemical Laser Models. A final 

report on the first of these contracts is expected soon. 

339 



Patterns of Concentration in Higher Education 
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INTRODUCTION 

As the number of college graduates continues to increase each year 

in Alabama, growing emphasis is being placed on the manner in which funds, 

talent, and effort are allocated to specific fields of study. For col¬ 

leges and universities to be successful, they must direct their educational 

programs toward satisfying societal demands and objectives. 

In the past, certain manpower shortages have been recognized and cor¬ 

rected. The progressive space program of the early 1960's brought about 

critical demand for expertise in engineering and the physical sciences. 

In response, the engineering and science curricula of Alabama's four-year 

colleges were expanded appropriately. Increasing enrollments of schools 

in the mid-1960's caused severe shortages of teaching personnel which are 

now being reversed as Alabama's supply of qualified teachers begins to 

exceed demand. The latter part of the last decade was marked by an under¬ 

supply of trained workers in the health professions. At present, the 

State's colleges, universities, and medical schools are responding to 

this need. Recent concern has been centered on the actual and potential 

lack of sufficient trained manpower in the field of environmental studies. 

Changes in national economic, social, and education priorities; 

changes in the size, composition, and needs of the population in Alabama; 

and generally poor educational planning in certain areas have helped to 

bring about surpluses and shortages of college trained manpower. As a 

result, renewed interest in better allocating resources to meet these 

problems and to fulfill new objectives has developed within Alabama as 

well as the rest of the nation. Reflecting this increased interest in 

improved planning for higher education, the Alabama Legislature passed 

an Act on May 14, 1969, which established the Alabama Commission on Higher 

Education for the purpose of conducting studies (including evaluations) 

which, in the language of the statute, will promote "an educational sys¬ 

tem that will provide the highest possible quality of collegiate and 

university education to all persons in the State able and willing to 

profit from it."1 

The purpose of this article is to analyze the various fields of 

academic specialization in which higher education in Alabama has concen¬ 

trated its efforts during the decade of the 1960's. The principal 

measure or device utilized in this analysis is the number of graduates 

'Ala. Code Ann. tit. 52, § 513 (84) et seq. (Recomp. 1958) 

(Supp. 1971). 
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from the specialized degree programs available in Alabama's four year 

colleges and universities. Of particular interest is the relative share 

of graduates produced in Alabama during the past decade in the five or ten 

leading specialities or curricula. This measure serves as an index of 

concentration patterns in higher education programs. 

The importance of this analysis to manpower and higher education 

policy makers, planners, and administrators in Alabama is that it empiri¬ 

cally documents the nature of the results or outputs of the State's higher 

education system, according to major fields of study and according to 

level of degree, i.e., bachelor's and first professional,2 master's, and 

doctoral. 

It is recognized that trends of the recent past cannot be effective¬ 

ly used to predict accurately or derive present or future demand for col¬ 

lege-trained personnel. As the goals and objectives of Alabama and the 

nation change, the quantity and type of trained manpower required also 

change. It is doubtful, moreover, that the demand for college-educated 

workers in Alabama can be ascertained even by sampling user organizations. 

This is due in part to the exigencies of the location, development, ex¬ 

pansion, and contraction patterns of private industry and public sector 

employment. 

This study does not focus upon the demand for college-trained man¬ 

power. It concentrates solely on the supply side of the labor market for 

such personnel. By analyzing the number and the specialized skills of 

college graduates in Alabama, suggestions may be made as to what the State's 

college-trained manpower is prepared to do. Whether there is a "match" 

between this supply of skills and available job openings presently and in 

the future is of crucial importance, but lies outside the scope of this 

study and poses an important question for future research. 

DEGREES AWARDED IN ALABAMA BY MAJOR FIELDS OF 

STUDY, 1960-1961 THROUGH 1969-1970 

Bachelor and First-Professional Level 

Between 1960 and 1970 Alabama's colleges and universities conferred 

84,680 bachelor's and first-professional level degrees upon their graduates. 

Of this number, five major disciplines accounted for over two-thirds of 

these degrees. As can be seen in Table 1, the first three (education, 

business and commerce, and the social sciences) made up over half. The 

2First-professional degrees are those conferred upon completion of 

academic requirements for selected professions—e.g., LL.B and J.D. (law), 

M.D. (medicine), and B.D. (theology). The U.S. Office of Education defines 

first-professional degrees as "only those degrees based on programs re¬ 

quiring at least two years of college work for admission and a total of 

six or more years of work for the degree." Because data used in this 

study include figures collected under both definitions, the two degrees 

are reported together to ensure comparability. 
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top ten major areas of a total of twenty-eight disciplines3 of study were 

responsible for nearly 90 percent of all bachelor's and first-professional 

level degrees. 

The top ten major areas of a total of 28 specialized disciplines 

in Alabama increased their number of graduates from 5,710 in 1960-1961, 

to 11,881 in 1969-1970. This increase of 6,181 graduates in the 10-year 

period represented over a 100 percent increase in absolute numbers, but 

the proportion of the total of bachelor and first-professional level 

degree recipients accounted for by the top ten remained about the same 

throughout the period studied. Increases in numbers graduated for the 

top ten areas of study ranged from 24 percent in the physical sciences 

to 196 percent in the social sciences. 

The social sciences and business and commerce reflected the largest 

gains during the 10-year period, each more than doubling in numbers 

graduated since 1960. In 1969-1970, education produced 3,070 bachelor 

and first-professional level degrees, almost 1,500 more than in 1960- 

1961. English and journalism, biological sciences, and mathematical 

sciences also made noticeable gains, as indicated in Table 1. 

Table 1 can also be analyzed for shifts among the fields of study 

over the decade of the 1960's. The most notable of these shifts is that 

of the health professions which dropped from fifth rank among the twenty- 

eight fields in 1960-1961 to eighth rank in 1969-1970. The rank posi¬ 

tions of the remaining fields in the top ten reflected general stability— 

a somewhat surprising pattern in view of the great social and economic 

changes which occurred nationally during the decade. This tendency 

toward stability raises an important question. Did changes in Alabama's 

curricula in higher education keep pace with the changing needs of the 

society? The data suggest that they probably did not. 

Master's Level 

Throughout the 10-year period, the largest number of master's grad¬ 

uates received their degrees in education. As indicated in Table 2, 

education accounted for 71 percent of all master's graduates in 1960; 

a proportion which declined to 58 percent by 1970. In absolute numbers, 

however, education degrees increased noticeably (99 percent) from 680 in 

1960 to 1,355 in 1970. Social sciences and business and commerce made 

the largest gains, increasing their proportions of the total from 3 

3 The twenty-eight major fields of study are comprised of the fol¬ 

lowing: agriculture, architecture, biological sciences, business and 

commerce, city planning, computer science and systems analysis, educa¬ 

tion, engineering, English and journalism, fine and applied art, folk¬ 

lore, foreign languages and literature, forestry, geography, health 

professions, home economics, law, library science, mathematical sciences, 

military science, philosophy, physical sciences, psychology, records 

management, religion^social sciences, trade and industrial training, and 

miscellaneous broad fields. 
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percent each to 8 percent and 7 percent, respectively. Each accounted 

for thirty master's graduates in I960, but in 1970 social sciences pro¬ 

duced 194 and business and commerce another 167 master's-level degree 

recipients. However, by the end of the decade, education continued to 

lead the next largest discipline in degree output by more than six-fold. 

The top five major areas of study accounted for 79 percent of the 

total number of master's graduates throughout the decade. In absolute 

numbers, however, the top five areas increased substantially, from 804 in 

1960 to 1,941 in 1970, or 141 percent. On the average, the ten most 

studied major disciplines accounted for more than 90 percent of all 

master's graduates during the decade, and showed an increase in the num¬ 

ber of degree recipients from 910 in 1960 to 2,211 in 1970, or 143 per¬ 

cent . 

The most notable shifts among fields of study during the 1960's at 

the master's level occurred in the mathematical sciences which dropped 

from second rank in 1960-1961 to fifth rank in 1969-1970 and the physi¬ 

cal sciences which shared sixth rank with biological sciences at the 

beginning of the decade and declined to tenth rank at its end. Again, 

however, study of Table 2 impresses one with the stability of the rela¬ 

tive positions of the top ten fields of study for the master's degree. 

Unfortunately, this may not necessarily reflect the State's need for 

the particular kind of manpower turned out by its colleges and univer¬ 

sities. 

doctoral Level 

As was true for the bachelor's and first-professional level and the 

master's level, education produced the largest number of graduates in 

Alabama who received doctoral degrees throughout the 10-year period 

studied. As indicated in Table 3, of the 1,136 doctor's degrees con¬ 

ferred between the years 1960 and 1970, education accounted for 419, or 

about 37 percent. 

Engineering, which produced its first doctoral degree recipients in 

1963-1964, made rapid gains throughout the decade, and by 1970 it ac¬ 

counted for over 10 percent of all graduates at the doctoral level—the 

second highest of all categories. However, the number of engineering 

doctoral graduates dropped from a high of 33 in 1968-1969, to 24 in 

1969-1970. 

Mathematical sciences, agriculture, and the biological sciences 

rounded out the five most studied major disciplines in 1969-1970, 

accounting for 22, 20, and 19 graduates respectively of a total of 221 

doctoral degree recipients in Alabama. 

The top five areas of study were responsible for over 95 percent 

of all doctoral graduates in 1960-1961, but only about 78 percent in 

1969-1970. In absolute numbers of graduates, however, the five most 

studied areas rose from 41 doctoral degree recipients in 1960 to 173 by 

the end of the decade, an increase of 322 percent. 
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Shifts in rank importance among the top ten fields at the doctoral 

level of study are more pronounced than at the two lower levels studied. 

Analysis of Table 3 shows that in terms of doctorates awarded, the 

physical and biological sciences declined in relative importance, while 

engineering, agriculture, psychology, and English and journalism rose 

in rank importance during the decade. Each of the four fields last 

cited had no graduates at the doctoral level in 1960-1961. The rise in 

engineering and agriculture doctorates was particularly striking. Again 

however, in the absence of pertinent data it is not possible to deter¬ 

mine with any degree of precision whether these shifts and increases in 

doctoral degrees awarded represent the fulfillment of social and economi 

needs in the State, or merely the satisfaction of personal aspirations 

because these fields of study were available. 

DEGREES AWARDED IN ALABAMA BY MAJOR AND SUB-FIELD OF STUDY AND 

DEGREE LEVEL FOR 1969-1970 

Thus far. Tables 1, 2, and 3 have shown highly concentrated areas 

of study by major disciplines. In order to obtain a better insight into 

the trends of higher education in Alabama, it is necessary to break down 

major areas into sub-fields. This approach can better enable us to show 

more precise areas of program concentration in the State. 

A word of caution must be inserted here. Because course content 

tends to overlap in some sub-fields, and some courses are necessary as 

foundations for others, many sub-fields that do not show well statisti¬ 

cally in numbers graduated are fundamental necessities for certain major 

disciplines. For example, economics, which is classified as one of the 

social sciences, represents a fundamental base for the study of business 

and commerce. 

Education, which has produced more graduates during the last decade 

than any other discipline, offers forty-four specialized sub-fields. As 

noted in Table A, the first nine of these sub-fields were responsible 

for over 88 percent of all education degree recipients in 1969-1970. 

Elementary education alone accounted for 42 percent, and physical edu¬ 

cation produced another 12 percent. Secondary education, business and 

commercial education, counseling and guidance, and educational adminis¬ 

tration added another one-quarter of the total. 

In 1969-1970, 60 percent of all business and commerce graduates re¬ 

ceived degrees in a general business and commerce curriculum, which 

includes courses in finance, marketing, accounting, statistics, manage¬ 

ment science, and industrial relations. Accounting and marketing majors 

made up another 30 percent. Six other sub-fields, including secretarial 

studies and finance, accounted for the rest. 

History, which produced a total of 959 degree recipients in 1969- 

1970, made up 43 percent of all degree recipients in the major field of 

social sciences. Five of the remaining sixteen sub-fields—sociology, 

general social science, political science, and economics—accounted for 

an additional 51 percent. 

Seven of the twenty engineering sub-fields made up almost 94 percem 

of the 1,094 degree recipients in that major area. Electrical, aerospaci 
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and mechanical engineering supplied 26, 22, and 13 percent, respectively 

in 1969-1970. 

In the major area of English and journalism, the sub-field English 

and literature represented 93 percent of the 929 graduates, and journalism 

was responsible for the remaining 7 percent. No other specialized areas 

of study were offered in 1969-1970. 

The major field of mathematical sciences is comprised of two sub¬ 

fields: mathematics and statistics. In 1969-1970, mathematics accounted 

for 694 of the 730 total degree recipients in that area, and statistics 

added another 36. 

COMPARISON OF DEGREES AWARDED IN THE UNITED STATES AND 

ALABAMA BY MAJOR FIELDS OF STUDY AND 

DEGREE LEVEL FOR 1969-1970 

In order to attach some significance to the preceding facts and 

numbers (Tables 1, 2, 3), a relevant base for comparison must be estab¬ 

lished. Since higher education policies of other states and the national 

economic condition influence Alabama's educational and economic circum¬ 

stances to a great extent, the market for high talent manpower, in a 

very real sense, is national in scope. Table 5 facilitates a meaningful 

analysis of Alabama's educational trends from a national perspective. 

At the bachelor's and first-professional degree level for 1969-1970, 

the first five concentrated areas of study were the same for Alabama and 

the nation. Graduates in education and the social sciences constituted 

over one-third of all first-level graduates in the U.S., and graduates 

of three other areas—business and commerce, English and journalism, and 

engineering—made up another quarter. The proportions of Alabama grad¬ 

uates in education, business and commerce, and engineering were greater 

than those of U.S. graduates in these areas, while Alabama graduates in 

social sciences and English and journalism accounted for a smaller per¬ 

centage . 

At the master's level, 1969-1970 degree recipients in education 

accounted for the largest number of any major area, constituting well 

over half of all Alabama master's graduates as compared with 38 percent 

of the national total. Over 70 percent of the nation's graduates com¬ 

pleted their study in five major fields, and over 85 percent in ten 

major areas. The concentration ratios of Alabama degree recipients were 

greater for both the first five and the first ten major areas of study. 

For the nation as a whole in 1969-1970, the largest number of 

doctoral degree recipients was found in education, representing about 

20 percent of all doctoral graduates. Likewise, the field of education 

was the leading source of graduates at the doctorate level in Alabama. 

This field produced 40 percent of all doctoral graduates in the State— 

a percentage equal to twice the national figure. The top five major 

areas of study (of the total of twenty-eight offered) accounted for 70 

percent of all doctoral graduates in the nation; in Alabama over three- 

fourths of all doctoral degree recipients earned their degrees in these 
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first five fields. The ratios of those completing work in mathematical 

sciences and agriculture in Alabama were greater than the ratios for the 

nation. On the other hand, Alabama graduates in engineering and biologi¬ 

cal sciences represented less proportionately than those in the entire 

United States. 

It is not surprising that degrees granted at all levels in the 

United States as a whole were less intensely concentrated into a few 

fields of study than is the case for Alabama. The nation's economy is 

much more diverse and sophisticated and its needs support more diverse 

programs of college and university education. 

Of particular note in comparing Alabama with the United States is 

the much greater proportion of Alabama's graduate degrees awarded in 

education (see Table 5). Among the factors accounting for this situa¬ 

tion may be mentioned 1) fewer alternative economic opportunities for 

women with graduate degrees in Alabama, and 2) in general, a lesser de¬ 

mand in the State for high-talent manpower. The latter factor is, of 

course, related to Alabama's relatively limited social and economic 

development. 

SOME IMPLICATIONS OF THE DATA 

There is an intense pattern of concentration in broad fields of 

study for which degrees are awarded by colleges and universities in 

Alabama. Over the decade of the 1960's about two-thirds of all bache¬ 

lor's and first-professional degrees were granted in five of the avail¬ 

able twenty-eight fields of study. At the master's level the pattern is 

even more concentrated; about eighty percent of all degrees were awarded 

in five fields of study from 1960-1961 to 1969-1970. And, while dimin¬ 

ishing in intensity somewhat during the decade, degrees awarded at the 

doctoral level tended to show the same tendency to be concentrated with¬ 

in a relatively few fields. Over three-fourths of all doctorates were 

awarded in five fields in 1969-1970. 

The concentration just described—about one-sixth of the fields 

offered accounted for from two-thirds to four-fifths of the degrees— 

poses important questions for policy makers in higher education in 

Alabama. Are the State's resources available to higher education being 

allocated in an optimum manner? Does the present allocation among pro¬ 

grams at the various levels represent the best decision for meeting the 

economic and social needs of Alabama in the 1970's? Are steps being 

taken to determine what the State's needs are going to be in the remain¬ 

ing years of the 1970's for high-talent manpower? Given its base of 

economic development and relatively low ability to support higher edu¬ 

cation, can Alabama afford to allocate resources to educational programs 

which turn out comparatively few graduates? These are only a few of the 

issues which face educational decision makers in the State. 

At the bachelor's and first-professional degree level an imbalance 

between supply and demand for a specific major field of study may be 

regarded as not of great seriousness. After all, first-level college 
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degrees prepare people generally for a wide variety of jobs, and this is 

true regardless of study in specific major fields. Typically, slightly 

less than one of the 4 years of study leading to a degree is devoted 

specifically to a major discipline. It may be argued with some force, 

therefore, that there is relatively little waste of resources when a 

first-level college degree recipient enters a job which does not match 

his major field of study. Moreover, it may also be argued with merit 

that in a democracy people are entitled, within reason, to pursue studies 

which meet their preferences even though these do not completely meet 

society's needs. 

The same arguments cannot be validly made, however, with respect to 

graduate degrees. The costs of graduate education are significantly 

higher per student than those of undergraduate education. Accordingly, 

continued support for graduate programs for whose graduates there is 

virtually no demand or a patently declining demand constitutes poor 

resource allocation. This is, of course, particularly true at the state 

level, since graduate programs for whose graduates the demand is small 

are available in other states. And it is doubly true for a state whose 

base of economic development is limited and whose per capita income is 

less than three-fourths that of the nation. 

In light of the foregoing analysis, it is important that Alabama 

policy makers assign a high priority to the task of examining closely the 

manner in which resources are presently allocated among the State's 

programs of higher education. A thorough investigation of this character 

will succeed only if greater attention is devoted to determining the 

demand for high-talent manpower in Alabama. In turn, research into this 

facet of the problem must ultimately be based upon a valid analysis of 

the State's economic and social needs for the 1970's. 

Finally, certain additional questions relating to cost/effectiveness 

can be raised. It will be recognized that three of the top five broad 

fields of concentration—education, business and commerce, and social 

science—represent educational areas of relatively low cost per student. 

This is true because these fields more readily accommodate large class 

sizes and have low cost requirements for technical equipment, materials, 

and supplies. 

In contrast, the twenty-three remaining fields, which produce only 

from one-quarter to one-third of all degree recipients, include among 

them the highest cost per student areas of study in the structure of 

higher education. It is in these fields that class sizes are typically 

small and that costs of a technical character are large. 

This inverse cost/service relationship creates difficult policy 

problems. Should a relatively poor state stretch its resources to cover 

high-cost/low-service advanced education for people—particularly when 

some of those people are not its own citizens? Would a more efficient 

answer to resource allocation involve subsidizing citizens who wish to 

study in these areas in other states? Would this approach to the problem 

enable Alabama to provide significantly higher quality programs of edu¬ 

cation in those fields which may be more efficiently undertaken? To the 
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extent that a sizeable portion of the cost of education to the citizen 

is defrayed through tuition, is it equitable to require some citizens 

to subsidize the educational choices of others? 

It is, of course, recognized that cost/effectiveness is only one 

criterion for allocating resources for the education of a state's people 

But it is a significant one, and greater attention will undoubtedly be 

paid to it in the years ahead. With growing pressure for tax and debt 

reductions and an intensified competition for the revenue dollar from an 

increasing variety of public services, there seems no doubt whatever 

that higher education will be called upon for a high degree of account¬ 

ability in the later years of the 1970's. Whether or not Alabama fol¬ 

lows a number of other states and adopts legislation or other specific 

measures in pursuit of this objective, it is hoped that the foregoing 

analysis will provide some useful insights to those interested in improv 

ing the quality of high-talent manpower in the State. 
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Liquid Waste Disposal Wells 

PERMEABILITY-PRESSURE RELATIONSHIPS IN 

LIQUID WASTE DISPOSAL WELLS 

Charles D. Haynes and David M. Grubbs 

Department of Civil and Mineral Engineering 

University of Alabama, University 

INTRODUCTION 

Nature and Scope of Study 

Experience in the practice of deep-well disposal of liquid wastes 

has shown that the capacity of disposal wells commonly diminishes with 

time and volume of waste injected. This diminution has often been re¬ 

lated to the impairment of permeability and porosity of the reservoir 

rock body as a result of the chemical interaction between injected 

waste -ative fluids, and the rock materials themselves. 

Tnis paper summarizes research directed toward evaluation of the 

long-term effects of the chemical compatibility (or incompatibility) of 

specific industrial liquid wastes and native reservoir materials, which 

could affect permeability and hence a change in the rate of disposal and 

the ultimate useful life of a particular well or reservoir. 

The scope of the investigation was confined to a laboratory study 

employing actual liquid industrial wastes and core samples from a se¬ 

lected underground reservoir, wherein conditions of earth temperature 

and pressure were employed for extended periods of time. The range of 

temperatures and pressures employed was similar to that in actual field 

experience. 

Objectives 

One objective of the evaluation of the long-term effects of chemi¬ 

cal incompatibility was to develop a mathematical relationship repre¬ 

senting permeability reduction with time and volume of injected waste. 

This permits a forecast of future performance of a well so that rehabil¬ 

itation of the disposal system or the drilling of additional wells may 

be planned in order to maintain the required rate of injection. 

It is recognized that factors, such as fluid compressibility in a 

reservoir of finite extent and energy loss resulting from friction as 

the waste liquid front moves away from the wellbore, bring about a re¬ 

duction in receptive capacity of the reservoir beyond control of the 

operator. This pressure can be predicted by solving the diffusivity 

equation using certain boundary conditions. On the other hand, it is 

envisioned that permeability is an element that may be modified by well 

stimulation and hence is controllable to a certain extent, thus affecting 

the ultimate pressure level in a disposal reservoir. 

Pressure requirements for maintaining injection rate, as permea¬ 

bility decreases and normal energy losses occur, may exceed the ability 

of the well-system and the adjacent aquicludes to contain the injected 

waste in a predetermined area. Restrictions must, therefore, be placed 

upon types and volumes of waste liquids which may be injected into a 

specific reservoir. 
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The results of prior laboratory studies as reflected in the litera¬ 

ture leave some question as to the amount of permeability change where 

certain liquids, whether miscible or immiscible, co-mingle in rock pore 

space. For this reason, the study was directed toward long-term effects 

of injection and geochemical analysis of reservoir rocks before and aftei 

injection to provide basic chemical data to support the data resulting 

from the injection procedure. 

Prior Studies 

Seim and Hulse (1) listed certain classes of reactions and condi¬ 

tions which may cause the precipitation of plugging materials. These 

include reactions resulting from the presence of alkaline earth metal 

ions in formation brines and heavy metals in industrial wastes; the 

oxidation-reduction reaction of hydrogen sulfide with oxidizing agents 

such as hexavalent chromium compounds; resin-like organic compounds that 

polymerize to form solids under reservoir pressure and temperature; 

growths of bacteria and algae; and the presence of suspended solids or 

oil and grease, all of which may physically plug disposal reservoirs. 

Laird and Cogbill (2) performed a laboratory study employing sand¬ 

stone cores in which two incompatible solutions were injected simultan¬ 

eously. Sulfate and sulfide reactions, a carbonate reaction, and an 

oxidation reaction were observed. In all cases, permeability reductions 

of the order of 14% to 70% resulted from the simultaneous injection of 

incompatible waters. 

Bernard (3), employing a different technique, made flow tests on 

sandstone cores which were first evacuated, then saturated with an inor¬ 

ganic solution, and finally flooded with a second inorganic solution 

expected to form a precipitate as a result of a chemical reaction with 

the in-situ saturating fluid. Solutions of barium chloride, calcium 

chloride, sodium sulfate, and hydrogen sulfide were employed. It was 

reported that in no case was the formation of an insoluble precipitate 

sufficient to cause an appreciable degree of permeability reduction. 

Further, it was suggested that there is little mixing of contained and 

injected waters which may account for the fact permeability was not 

diminished. On the other hand, the nature of the study indicates that 

the determination of long-term effects of continued injection was not 

the object of the investigation. 

Hughes (4) pointed out that, as an industrial waste displaces the 

native formation water in a salaquifer, minerals in the rock pores inconi 

patible with the waste liquid will be dissolved or altered, a pH gradien 

will be established, metastable sols and gels will form, and precipita¬ 

tion of new compounds will occur. Although specific chemical reactions 

in the salaquifer may be predicted, the physical effects of the reaction 

often are not predictable. For example, a precipitate may (a) cause an 

immediate plugging, (b) be flushed through the salaquifer, or (c) will 

accumulate in the advancing frontal zone with time until stoppage 

eventually occurs. 

Grubbs (5) reported a pronounced decrease in permeability in a 

sandstone core saturated with a typical brine solution and injected over 
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a period of 17 days with an industrial chemical waste. It was noted 

permeability declined to a low value and stabilized, suggesting no 

further reaction was taking place. 

Engineering Considerations 

Engineering concepts in porous-media hydrodynamics comprise a rele¬ 

vant factor in the technology of deep-well disposal. Knowledge of the 

behavior of the fluid waste within the reservoir is essential to pre¬ 

diction of the behavior of the disposal well. 

Assumptions are commonly made in mathematical treatment describing 

fluid flow in porous media such as the existence of homogeneous, iso¬ 

tropic medium, and the involvement of a single-phase, incompressible 

fluid. In addition to expediting the mathematics, these simplifications 

result in fairly close approximations of the actual fluid behavior within 

a reservoir of large dimensions. 

Fluid flow in porous media may be defined as either steady-state 

or unsteady-state flow. Steady-state flow applies where fluid velocity 

and pressure at one point in a reservoir adjust instantaneously to a 

change in velocity and pressure at any other point in the system, or, 

the mass rate of flow of fluid into any unit-volume equals the mass rate 

of fluid flow out. Although real systems do not have the property of 

instantaneous response, steady-state expressions are useful in describ¬ 

ing flow through a core sample inasmuch as no extended period of time 

is involved in fluid passage through a distance of relatively few cen¬ 

timeters. 

Also, the concept of the presence of a homogeneous, isotropic 

medium and the involvement of a single-phase, incompressible fluid is 

considered applicable to a porous rock sample of limited dimensions 

where only the liquid phase is involved. 

Radial flow equations describing the movement of fluid away from 

the wellbore in deep-well disposal need not be applied in considering 

flow through core samples in most laboratory procedures. The samples 

utilized in this study were cylindrical in shape with diameters of 

approximately one inch and lengths in the range of three to four inches. 

Under the circumstances, linear flow relationships expressed by an 

adaptation of the familiar Darcy equation were employed. Darcy's law 

states that the velocity of flow of a homogeneous fluid in a porous 

medium is proportional to the pressure gradient and inversely propor¬ 

tional to the fluid viscosity, or 

v 
k d£ 

y ds ’ 
(1) 

where v is apparent velocity and is equal to z/A where q is volumetric 

flow rate and A is the total cross-sectional area of the rock, which 

includes the area of the rock matrix as well as the area of the pore 

channels. Fluid viscosity is expressed as y and the pressure gradient, 

dp/ds, is measured in the same direction as v and q. Permeability, the 

proportionality constant k, is the property of the rock describing 
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fluid conductivity. The negative sign indicates that if flow is con¬ 

sidered positive in the s-direction, then pressure decreases in the same 

direction so that the slope dp/ds is negative. 

Applied to laboratory studies and solving for permeability, the 

steady-state linear flow equation becomes: 

q M l 

A (p - p ) 
1 2 

whe re: 

q = flow rate in cm3/sec 

p = viscosity in centipoise 

L = length of fluid travel in cm 

A = cross-sectional area of the sample in cm2 

p = outlet pressure in atmospheres 

p = outlet pressure in atmospheres 
2 

k = unit of permeability in darcys. 

(2) 

Permeability of the range of one darcy is a large value. For most 

reservoir rocks the value is only a fraction of a darcy, hence 

permeability is commonly expressed for convenience in units of 0.001 

darcy or millidarcys. 

LABORATORY PROCEDURES 

Permeability Determination 

Equipment: A Hassler-type stainless steel core holder was em¬ 

ployed in determing permeability to liquid wastes. In addition to 

the core chamber, the equipment consisted of a stainless steel piping 

system, various pressure vessels for storing the waste liquid, a vacuum 

pump, and a compressed nitrogen tank fitted with appropriate pressure 

regulators. Figure 1 is a schematic diagram of the test equipment. 

Nitrogen was the source of both confining and driving energy. An 

electrothermal heating tape controlled by a variable transformer served 

as a heat source. The heat tracing material was wrapped around both 

the vessel containing the waste and the core holder, and a thermometer 

was positioned at the mid point of the core holder. The variac pro¬ 

vided a means of maintaining the temperature of the heat tracing within 

a range of some 160°F to 240°F, simulating earth temperatures of an 

underground disposal reservoir. 

Detailed Studies: Core samples were subjected to waste injection 

over periods ranging from 428 hr to 2398 hr elapsed time. The results 

of investigation with two cores are discussed in this paper. 

Sandstones of the Lower Tuscaloosa (Coker Formation, Upper Cre¬ 

taceous age) are highly suitable for waste injection. This reservoir. 
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FIGURE 1. Laboratory equipment. 

several hundred feet in thickness and encountered at depths of some 

7000-8000 ft in South Alabama, affords an ideal receptive horizon for 

liquid waste disposal. Porosity of the sandstones is about 20%, and 

permeability usually exceeds 100 millidarcys. 

It should be emphasized that permeability as described here is 

not necessarily absolute permeability as is usually determined in core 

analysis procedures. The designation "millidarcys" (md) is used and is 

noted in the permeability history of each core. This figure, however, 

was derived assuming a value of 1.0 for both viscosity and specific 

gravity of the liquid waste and therefore reflects a relative change in 

permeability characterizing each core in response to waste injection. 

The water utilized for saturation of the cores employed in the 

study was obtained from a waste-disposal well in Washington County, 

Alabama. Source of the water was a sandstone reservoir of the Wilcox 

Group (Eocene age) encountered at a depth of 4300 feet in the well. The 

chemical nature of this particular water is considered typical of inter¬ 

stitial waters found in many subsurface reservoirs deemed suitable for 

waste disposal. 

The liquid waste was obtained from a chemical manufacturing plant 

in South Alabama. This waste is typical of that produced in a common 

manufacturing process and, as a matter of record, is a waste heretofore 

disposed of in a major surface stream. 
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Permeability Histories 

Core 71-03 

Elapsed Cumulative 

Dimensions Formation Time Injected Waste 

2.3 x 7.2 cm L. Tuscaloosa A78.5 hr 

Confining Injection Downstream Temperature 

Pressure Pressure Pressure Range 

300 psig 5-10 psig Atmospheric 125° F - 170° F 

Figure 2 is a plot of the permeability history of Core 71-03. 

Initial permeability was 233 md, declining to an average reading of 18 

md toward the end of the test period. The temperature of the system 

was 170° F initially but was reduced to approximately 125° F at 156.5 

hr and at 25A hr was then elevated to 150° F. No change in the rate 

of flow was apparent in response to the variations in temperature. 

The pH level 

200 hr of the 

period. 

of the liquid was 

test. The value 

measured periodically during the latter 

of pH remained constant throughout the 

Core 71-05 

Dimensions Formation 

Elapsed 

Time 

Cumulative 

Injected Waste 

2.3 x 7.7 cm L. Tuscaloosa 2083.5 hr 37,875 mil 

Confining 

Pressure 

Inj ection 

Pressure 

Downstream 

Pressure 

Temperature 

Range 

250-A00 psig 10-A2 psig Atmospheric 76° F - 1A5° F 

The permeability history of Core 71-05 is 
* 

shown in Figure 3. 

Injection tests were begun at room temperature with the downstream flow 

outlet open to the atmosphere. Permeability declined from an initial 

30 md to an average of 7 md at A60 hr and A md at 667 hr, at which time 

30,660 mil of waste had been injected. Heat was then applied to bring 

the average temperature of the system to 125° F. No immediate change 

in flow rate was noted in response to the increase in temperature. 

At 800 hr elapsed time, permeability had declined to an average 

of 2 md and this value continued to decrease to 1 md after 1000 hr. 

Further decline continued to a value of 0.5 md at 1221 hr, at which 

time 37,875 mil of waste had passed through the core. 

The curves shown in Figure 2 and 3 were traced from a computer 

plotter program. See Reference 9. 
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FIGURE 2. Permeability vs time. Core 71-03. 

The core was removed after 1532.5 elapsed hours of injection over 

a period of 64 days from commencement of the test. At that time permea¬ 

bility had been reduced to 0.35 md. The face of the leading end of the 

core was cleaned to remove all traces of extraneous material, the sample 

was soaked in water for a period of 2 days, and the core was then rein¬ 

serted in the coreholder. Injection was resumed at a temperature level 

of 140° F and was continued for a period of 66 hr during which time 

permeability averaged some 0.08 md and reached a final low of 0.046 md. 

Flow was then reversed and back-flow of the waste liquid was 

carried out for 24 hr. Subsequently, re-injection was initiated and 

continued for 222 hr. Permeability immediately following the back-flow 

procedure increased to 1.8 and declined after 36 hr to an average of 

0.1 md and subsequently to approximately 0.05 md, or at the same level 

as recorded before the back-flow operation. It thus appears the back- 

flow procedure using waste liquid provided only a temporary improvement 

in permeability. 

Although the over-all effect of waste liquid injection was the 

reduction in permeability, the various adjustments in pressure and 

temperature, together with the back-flow operations, caused unavoidable 

oscillations in the test data. Back-flow, however, was conducted after 
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FIGURE 3. Permeability vs. time. Core 71-05. 

the permeability had decreased to a very low value, so its relative 

influence on the curve-fitting procedure was minimal when considering 

the initial permeability of the rock sample. 

Back-flow operations improved the permeability to a small and 

temporary degree, but its effects must be correlated with the nature 

of the waste material. The waste liquid used in this investigation 

contained phenols, which probably were not moved easily through the 

interstitial space in the rock upon back-flow. It is visualized that 

such semi-solids were only temporarily redistributed in the rock when 

the flow direction was reversed, and afterward found new plugging 

positions in the rock pores upon resumption of injection. This be¬ 

havior would be analogous to check valve operation, where fluid flow 

is permitted in only one direction (See Figure 4 for disposal well 

diagram). 

ANALYSIS OF TEST DATA 

A computer program was written to facilitate the development and 

use of test data. The objectives of this program were to (1) solve 

the linear Darcy equation for permeability, and then (2) fit a simple 

polynomial expression to the permeability-time data thus generated. 
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FIGURE 4. Liquid waste disposal well. 

Raw data input included: 

Number of tests (n) 

Diameter and length of rock core, cm (d, 

Elapsed time, hr (t) 

Pressure differential, psig (Ap) 

Flow rate, m£/min (q) 

After individual permeability calculations were made, the data were 

placed in an array with their respective elapsed time. Since the 
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permeability was observed to diminish with time, a reciprocal polynomial 

expression of the form 

f(t) = Cjt + C2 + C3/t + C4/12 + C 5/13 + C6/tA (3) 

was used to express the test data as an equation in terms of permeability 

and time. 

Since only the change in permeability was desired, it was convenient 

to represent both liquid viscosity and specific gravity as unity. 

Certain liberties were taken in the application of core-test data 

to actual conditions. First, the core tests were of much shorter dura¬ 

tion than the anticipated life of any disposal well. In order to make 

the permeability history of the core applicable to the actual situation, 

however, it was assumed that the life of the injection well (20 years) 

was reached at 100% time value for the injectivity test. The reciprocal 

polynomials derived from test data related percent permeability to per¬ 

cent time duration, the permeability value being "relative" to 100% value 

occurring at the outset of the injectivity test. Curves shown in both 

Figures 2 and 3 represent the declining permeability over the entire 

life of an injection well; the 100% permeability value was considered to 

be initial permeability (0.40 darcy) of the reservoir. 

EFFECTS OF PERMEABILITY REDUCTION ON PRESSURE BUILDUP 

An important practical consideration evolving from this study is 

the effect of continued reduction in permeability on the pressure 

buildup history of an injection well. To develop this concept fully, 

however, some basic considerations will be reviewed. 

The well-known diffusivity equation relates the changes in pressure 

(p) , radial position (r), and time (t) by 

9 p 1 9p 1 3p 

72 + r 9r n 3t 
dr 

(4) 

where q is the diffusivity constant, a function of rock permeability 

(k), fluid viscosity (y), and effective fluid compressibility (c). 

A solution of the diffusivity equation for an infinite reservoir 

of thickness (h) and a slightly compressible fluid can be used to ob¬ 

tain the pressure at any time (t) and radial position (r) as 

p(r,t) = Pi qy 
2Trkh 

f" - - Ei < ( <f>pcr2 \ 1 
L 2 t Akt /J 

(5) 

where: - Ei(-x) = du = 

J 
l! 2X2.' 3X3: 

(6) 
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and = initial pressure, psia. 

For values of x < 0.01: 

Ei(-x) = - In(fix) = ln(i) - 0.5772 (7) 

where 6 is Euler's constant having a value of 1.78. 

For values of > 100, the pressure can be represented by a 
2 

4>ucr 

simplified equation: 

P(r,t) - P± + J1L. (In J£_ + 0.80907 

4,1 kh ( 4>pcr2 

This expression, for r = rw (at the wellbore face) 

(8) 

becomes: 

Pi Pi + _JLH_ 
4it kh {lnr^ 1 ^crw 

+ 0.80907 (9) 

and is the pressure necessary to inject fluid through the rock matrix 

at the desired rate. 

The permeability of the rock is assumed to be a constant in 

Equation 9 above. In many instances, such as fresh water injection or 

using a fluid compatible with the formation material and fluids, the 

permeability may not change appreciably over a long period of time. 

There may even be instances where the permeability would increase if 

the injected fluid has the means to break down the rock material (e.g. 

acidizing). The possibility of a decrease in permeability, however, 

remains as the most likely occurrence when injecting incompatible fluids 

This has been shown in this investigation and other laboratory investiga 

tions, and has been experienced in many disposal wells in practice. 

Usually, it is necessary to take remedial measures to maintain the re¬ 

ceptivity of the rock formation, not to mention the excess pressure 

buildup that may require costly equipment modifications in order to 

maintain the desired disposal rate. 

If the possibility of permeability reduction exists, it should 

be considered in designing the injection-system pressure rating. Pref¬ 

erably, the pressure buildup calculations should include this factor, 

but several variables may be involved. First, there are many combi¬ 

nations of rock structures, rock chemistries, fluid chemistries, and 

operating practices that will influence the change in the receptivity 

of the rock. Secondly, some means of testing the formation must be 
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undertaken, and laboratory investigation seems most feasible with re¬ 

spect to time and expense. 

It is realized that laboratory techniques have their shortcomings, 

but still are commonly employed to represent entire reservoirs in hydro- 

logic and petroleum engineering modeling. It is assumed that an injec¬ 

tivity test can be made in the laboratory using actual reservoir fluids, 

rocks, and waste fluids. Resulting test data will portray permeability 

as a function of time or throughput. Statistical procedures can then 

be used to determine this functional relationship in some mathematical 

form. 

A convenient means of representing a decreasing function is by 

using a reciprocal polynomial (3). By using the permeability as a 

function of time, the permeability history of the rock during waste 

fluid injection can be calculated. The buildup equation may now be 

represented by a generalized equation: 

Pwf 
4tt (sC^t^)kh 

i = l,n 

j = l,(-n+2) 

(ECjtJjkt 
i = l,n 

In j = M~n+2>. + 0.80907 
. 2 
<t>wcr 

(10) 

and p ^ will now vary with the changing permeability. 

In a prior study (8), the pressure buildup in a disposal reservoir 

in Alabama was obtained using a constant permeability value. In view of 

the probability of permeability reduction established in this investi¬ 

gation, a more realistic estimate of pressure buildup can be made for 

the same reservoir by considering the functional relationships for 

permeability. The buildup data obtained previously (8) for the Wilcox 

sand formations in the Citronelle Field of Alabama provide an example. 

The parameters used were as follows: 

Formation thickness, h = 294.0 ft 

Number of wells, N = 1 

Porosity, <£ = 0.32 

Permeability, k = 0.40 darcy 

Formation fluid viscosity, y = 1.00 cp 

Injection rate, q = 1 x 10& gpd 

Project life, NN = 20 yr 

Coefficient of expansion, C = 0.00009 

Well radius, rw = 3 inches 

Fluid weight, p = 8.33 lb/gal 

Waste fluid viscosity, y = 1.00 cp 

Depth, H = 3000 ft 

Diameter, d = 6 inches 

Reservoir pressure, pe = 1350 psi 

Hydrostatic pressure, pu = 1297 psi 
Velocity of fluid in pipe, V = 7.889 fps 

Burst pressure, px = 1.0 psi/ft 
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The original permeability of the rock was 0.40 darcy, and decreased 

in a manner dictated by the permeability function. From individual core 

injectivity tests made in this study, permeability histories of the Wil¬ 

cox sands were studied hypothetically by use of a computer program. For 

example, the permeability curves obtained from Cores 71-03 and 71-05 are 

used to represent the Wilcox reservoir, and are contrasted to a case of 

invariant permeability over the life of the well. Reference is made to 

the three curves in Figure 5. By assuming permeability to be constant 

at 0.40 darcy, a maximum pressure buildup of about 400 psi is calculated. 

Using the declining permeability of Core 71-03, pressures exceeding 

1000 psi are reached at 20 years. Assuming Core 71-05 is representative 

of the Wilcox reservoirs, pressures around 1350 psi are reached. This 

pressure level is necessary to continue disposing of liquid wastes at 

the rate of one million gallons per day. Table 1 shows hypothetical 

pressure buildup data for the three examples. 

The practical application of pressure buildup as reflected in the 

buildup curves lies in the design of the injection system. If, for 

example, a disposal system is designed assuming constant permeability 

of 0.40 darcy, then a 500 psi pressure-rated system will be adequate. 

On the other hand, the 500 psi system would be adequate for only a 

short period of time if the pressure follows that of curves 71-03 or 

71-05, and the system would need modification to continue injecting at 

the desired rate. If permeability reduction is anticipated during the 

life of the disposal well, it would be necessary to include this factor 

when anticipating future injection pressures. 

CONCLUSIONS 

This paper has mentioned several factors affecting the receptivity 

of reservoir rocks and the permeability-pressure relationships in the 

practice of deep-well disposal of liquid wastes. The major considera¬ 

tions are summarized in the following paragraphs. 

1. Laboratory investigations, as well as field experience, have 

demonstrated that the permeability of disposal reservoirs usually 

diminishes with time and volume of injected wastes as a result of the 

incompatibility of rock pore materials and injected wastes. 

2. Pressure buildup calculations for disposal wells have tra¬ 

ditionally assumed constant permeability. A more realistic assumption, 

however, is a diminishing permeability during injection of liquids. 

3. Mathematical relationships can be utilized to establish trends 

in permeability reduction. 

4. Permeability reduction will result in pressure buildup in the 

reservoir if the volume of injected waste is constant. This buildup will 

be greater than that predicted by the diffusivity equation. 

5. Permeability history as a function of time may be applied in 

mathematical form to predict pressure buildup in a reservoir in response 

to continued injection. 

13 
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6. Forecasts of the future performance of a disposal system will 

provide a basis for initial design, rehabilitation of disposal wells, 

or the drilling of additional wells in order that the required rate of 

injection may be maintained without excessive pressure buildup. An 

excessive pressure buildup could lead to leakage and possible fracture 

damage to the disposal zone. 
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AN ABORIGINAL QUARRY IN TALLAPOOSA COUNTY 

Amos J. Wright Jr. 

Directorate For Management Information Systems 

United States Army Missile Command 

Huntsville, Alabama 

INTRODUCTION 

Steatite is found rather extensively in the Piedmont Region of 

Alabama especially in Tallapoosa, Chambers, Randolph and Clay Counties. 

Daniel (1966) describes steatite as "talc or soapstone, is a hydrous 

magnesium silicate, often containing small amounts of nickel. Steatite 

may be easily identified in the field by its characteristic greasy feel, 

its hardness of one, and its pearly luster. Steatite is a mineral of 

secondary origin formed by the alteration of other magnesium silicate 

minerals. It is characteristically found in metamorphic rocks where it 

may constitute the entire mass. In such occurrences it is often known 

as soapstone. Steatite has numerous modern uses, but is used exten¬ 

sively in the manufacture of paint, ceramics, rubber, paper, cosmetics, 

roofing and insecticides." 

Steatite is found throughout the Appalachians which extend on the 

surface from Newfoundland to Alabama, or some 2,000 miles, underlaying 

the Atlantic northeastward and the Gulf of Mexico, or Gulf Coastal 

Plain, southwestward. The Appalachians were long in creation and their 

building occupied most of the Paleozoic time (King 1959) . 

The Piedmont Region is underlaid with metamorphic and igneous rock. 

They are highly deformed and complexly faulted. The oldest rocks in 

Alabama appear in the Piedmont Plateau (Daniel 1966). Deposits of 

steatite occur in Wyoming and were extensively quarried in California. 

It is in general use among the Eskimo where it is commonly used for 

making oil lamps (Hodge 1905, Vol. 2). 

EXTENT OF ABORIGINAL QUARRIES 

Quarrying by the aborigines was widespread and for many different 

minerals. Chert quarries are probably the most common and some large 

ones are well known in the eastern United States and the Mississippi 

Valley. The quarry at Flint Ridge, Licking County, Ohio covers hun¬ 

dreds of acres with pits 10 to 20 feet deep. Others are found in 

Illinois, Arkansas, Indiana, Kentucky, Missouri, Oklahoma and Tennessee. 

Quartzite quarries occur in Wyoming and suburban Washington, D.C. and 

jasper quarries in Pennsylvania. Mica was quarried on a large scale in 

Virginia and North Carolina as was catlinite in Minnesota. Turquoise 

pits in New Mexico sometimes reached a depth of 200 feet (Hodge 1905, 
Vol. 1). 

ABORIGINAL USE OF STEATITE 

Steatite was used by the aborigines for the manufacture of cooking 

utensils because of its resistance to heat and fire, and its toughness. 

It was used for pipes and ornaments due to the softness, and consequently 

was easily worked with chert tools. The color is usually greenish gray 
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and may finish to a high polish. Hodge (1905, Vol. 1) illustrates 

steatite pipes from Kentucky, Georgia, West Virginia and North Carolina. 

Waring (1965) reports hundreds of steatite tablets being found at 

Stallings Island, Georgia with a single drilled hole in the center or 

near the edge. Of the 33 pipes illustrated by Thruston (1897), 20 are 

made of steatite. Knoblock (1939) illustrates 1,650 specimens of 

"bannerstones" with the only effigy (a man's face) being made from 

steatite. He also illustrates 16 steatite "bannerstones" from Georgia, 

2 from North Carolina, 4 from South Carolina, 8 from Pennsylvania, 2 

from Tennessee, 2 from Connecticut, 2 from Alabama, 5 from New Jersey, 

4 from Ohio, 5 from New York and 1 from the states of Maryland, Virginia, 

Illinois, Missouri, Kentucky, Wisconsin, Arkansas and California. 

Wauchope (1966) describes netsinkers of steatite that were notched, 

grooved or perforated. These were believed to be Archaic to Early 

Woodland. One was found at the Sutton Site (WS-2) in Wilkes County, 

Georgia, which is a steatite quarry and workshop. Another workshop and 

quarry (WS-1) also exists in Wilkes County with another in DeKalb County. 

His survey lists steatite potsherds from 16 counties in Georgia where 

the vessels were of rectangular shaqe. 

Due to the weight and size of steatite vessels it is probable that 

very few were transported long distances overland but were moved from 

the quarries over water, and are consequently found more concentrated 

along larger streams and rivers. Steatite vessels found at sites along 

the Tennessee River probably came from the mountain region of eastern 

Tennessee and were transported downstream; however, the source for 

greenstone was probably over the mountains from the Hillabee deposits 

in the Piedmont Region (Webb 1939), which supports the possibility that 

some steatite was transported from the same area. From the Basin surveys 

the following steatite material was reported: 

Guntersville Basin (Webb 1951). Twenty-five excavated sites con¬ 

taining 1,020 burials with the following associated: 

3 elbow pipes 1 gorget 

1 pendant 10 vessels 

1 effigy pipe 2 bars 

1 atlatl 1 cone 

1 incised bar 102 sherds 

19 tooled pieces 

Wheeler Basin (Webb 1939). Ten excavated sites containing 255 

burials with the following associated: 

1 elbow pipe 

1 dog effigy pipe 

1 pipe 

4 vessels 

204 sherds 

Pickwick Basin (Webb 1942). Eighteen excavated sites containing 

1313 burials with the following associated: 

1 elbow pipe 

1 vessel 

1 bead 

8 sherds 

18 



Aboriginal Quarry 

Guntersville and Wheeler Basins, nearest to the mountains of east¬ 

ern Tennessee and source of steatite, had the heaviest concentration of 

steatite material, with Pickwick Basin having by far the smallest. Stea¬ 

tite vessels appeared most common during the Late Archaic - Early Wood¬ 

land periods; whereas elbow and effigy pipes are associated with the 

later Copena culture and may have a different distribution pattern due 

to their ceremonial use and smaller size and weight. Timberlake (1948) 

describes dugout canoes made by the Cherokee that were 30-40 feet long 

and could carry 15-20 men. The DeSoto narratives (Swanton 1946) indi¬ 

cate canoes holding from 60-80 men. It seems reasonable that canoes 

made of bark for quick construction were used to float trade goods one 

way downstream, and then the owners returned on foot. There is no 

reason for us to believe that the Late Archaic people did not have 

similar canoes; therefore, it seems logical that these people trans¬ 

ported heavy, bulky steatite vessels by means of easy water transpor¬ 

tation in lieu of the back breaking land transportation method. Other 

heavy trade material such as galena from the Joplin, Missouri district, 

copper from Michigan, and the lighter, but bulky, conch shells from the 

Gulf of Mexico (Webb 1939), which is found throughout the Tennessee 

Valley, must surely have been transported by water, not only downstream 

but also upstream. Therefore, it is unlikely that very much of the 

steatite material was carried overland to the Tennessee Valley from the 

quarries in Tallapoosa County or Northern Georgia. 

Very little published information is available concerning steatite 

artifacts in Alabama south of the Tennessee River. Wimberly (1941) 

mentions 5 steatite sherds from the McQuorquodale Mound in Clarke County. 

Wright (1969) describes a large tubular pipe of steatite from Randolph 

County and Moore (1889) mentions an elbow pipe from his work along the 

Alabama River. These artifacts probably were made from material quarried 

in the Tallapoosa area, but might have been Copena trade items from the 

Tennessee Valley area. 

QUARRIES IN ALABAMA 

The best information available is from Tuomey's geological survey of 

Alabama when he was State Geologist (1854) and concerns the general area 

along the Tallapoosa River that this paper addresses. He is quoted at 

length: "North of the falls the rocks become talcose, and on a little 

stream, called Coon Creek, beds of hornblende and soapstone occur. In 

a hollow near the creek, a bed of soapstone of great thickness is found. 

This seems to have been well known to the Indians, who resorted to the 

spot for the purpose of manufacturing culinary utensils. Excavations of 

considerable extent were made in the best portions of the rock and the 

sides of the excavations are curiously pitted where the vessels have been 

cut out. It appears to have been their practice to inscribe on the rock 

the circumference of the pot or bowl to be cut out, and then excavate 

around it until sufficient depth was attained, after which the mass was 

split off and finished. Occasionally, when failure in splitting off the 

mass ensued, pieces remain attached to the rock. Everywhere the impres¬ 

sion of the bottom of the vessel is left on the face of the quarry." 

(Webb 1939). 

Smith, State Geologist, in 1874 adds, "This soapstone, which seems 

to be soft serpentinic rock, light green and granular, is in beds 
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striking NNE and dipping 85 degrees to ESE. Part of these strata are 

very thick and massive, showing no traces of stratification, some being 

enclosed between laminated beds of the same material. It is from the 

granular massive variety that the Indians seem to have worked out their 

utensils." (Webb 1939). 

Mosley (1958) reports several quarries with one in each of the 

following counties: Talladega, Clay, Tallapoosa, and Chambers. 

THE TALLAPOOSA QUARRY 

The aboriginal quarry this paper records is located south of the 

Tallapoosa River in Tallapoosa County (R24E T24N) and is in the heart 

of the area described by Tuomey; however, it is believed that the quarry 

described by Tuomey is now inundated by Martin Lake. In any case, it 

is not the quarry described herein. 

The steatite outcropping appears on a small ridge running east and 

west and about a mile from the Tallapoosa River. These outcroppings are 

weathered so that they have a rounded rolling shape and are exposed 3 or 

4 feet in height at some places. These outcroppings run along the top 

of the ridge for several hundred yards but do not appear on the slope of 

the ridge lower down. The ridge is covered with timber and underbrush 

which makes it difficult to overview the entire site. Broken vessels 

are scattered along the top and slopes of the ridge and appear almost 

finished, but still thick enough not to be fragile for transporting. 

Various shapes and sizes were noted during the surface survey made by 

the author in the summer of 1971. Large vessels, almost finished on the 

outside, including contour and lug handles but no cavity, were lying in 

a small stream bed at the foot of the southern slope, apparently having 

rolled down the slope. 

Two or three pits were observed at the top of the south slope and 

were approximately 8 feet deep on the upper side; however, they were 

probably deeper, as any pit below surface level would have filled rather 

rapidly in a wooded area. The steatite from a pit should be moist and 

soft, and therefore easier to shape to the desired contour. This prob¬ 

ably accounts for the quarrying instead of working the outcrops on top 

of the ridge. The only evidence of work on these outcrops were remaining 

nodules or blisters shaped to the outside contour of a vessel with the 

top of the vessel still connected to the mother rock. There were sev¬ 

eral of these blisters to one outcrop, but weathering had removed any 

evidence of tool marks and no stumps were observed. Since a surface was 

conducted, no effort was made to disturb the humus covering the site; 

therefore, no tools were noted, nor other artifacts other than the broken 

vessels. 

In all probability this is an unmolested site and a rarity in this 

day and time. Only its remoteness and timber cover can account for this 

condition. Although unconfirmed reports to the author indicate several 

quarries in this area, it appears to be on the outer fringe of the stea¬ 

tite quarrying activities in the eastern United States. 
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RELATION TO OTHER QUARRIES 

Ritchie (1965) describes extensive steatite activity in the Mid- 

Atlantic region of the Appalachian chain and notes that the Transitional 

Period in the northeast (1300-1000 B.C.) made common use of soapstone 

vessels from the Potomac to northern Massachusetts. This complex appar¬ 

ently represents the Susquehanna Soapstone Culture of southeastern 

Pennsylvania where the soapstone industry and quarries were located 

near Gettysburg. The pots were oval to rectangular with flat bottoms 

and lugs appearing at both ends. Some rims were notched for decoration 

and repair holes were common. Broken pieces were made into beads, 

gorgets and ladles or spoons. Marcey Creek Plain pottery from the 

Marcey Creek site on the Potomac opposite Washington, D.C. is tempered 

with steatite and accounted for 62% of the pottery at the lowest ceramic 

level. This is apparently the earliest pottery of the Mid-Atlantic 

region and consist of almost direct copies of the steatite vessels of 

the pre-ceramic lower level of the site. It appears sporadically as 

far north as New York. The people of this culture were river-stream 

oriented. They were hunters and fishermen. At a soapstone culture site 

in Bradford County, Pennsylvania, Marcey Creek plainware was present, 

with soapstone sherds at the lowest level indicating an overlay of the 

stoneware and earthenware. Ritchie feels the center of the steatite ves¬ 

sel industry of the eastern United States was located in the Virginia- 

North Carolina Piedmont region with diffusion in all directions. Two 

secondary centers were the southeastern Pennsylvania area and the quarries 

in Rhode Island, Connecticut and Massachusetts. The latter is character¬ 

istic of smoothed bowls both inside and outside and a tendency toward 

rounder bases. Size ranges from 5h to 18 inches long and 2 to 6 inches 

high. Some exhibit cracks and lacing holes and many are smoke stained 

and grease incrusted. In the case of grave goods, all are broken in¬ 

tentionally, if only by knocking a hole in the bottom. 

Bowls found in northern Alabama along the Tennessee River have the 

inside and sometimes the outside smoothed and are similar in size, shape 

and lacing holes to those described by Ritchie. 

CONCLUSION 

The quarry in Tallapoosa County was of limited use by the aborigines 

and lay on the outer fringe of the steatite industry concentrated in the 

Virginia-North Carolina area of the Appalachian Mountains. Vessels were 

worked and almost finished at the site which facilitated transporting. 

Distribution patterns were dispersed along the navigable streams from 

the quarry site with diminishing appearance in ratio to the distance 

traveled from the quarry. Material quarried at the Tallapoosa site 

was probably distributed most frequently downstream to the Tallapoosa 

and Alabama River basins, and less frequently transported overland some 

35 miles to the Chattahoochee. However, material from the area may have 

been transported by water down the Tallapoosa and then upstream on the 

Coosa to the vicinity of Gadsden where an overland trip of only 30-40 

miles existed to the Tennessee at Guntersville. 
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FECUNDITY AND MATURITY OF CHANNEL CATFISH, 
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ABSTRACT 

Fecundity was estimated from 26 gravid channel catfish collected in 

the Alabama and Tombigbee River drainages of Alabama during 1969 and 1970. 

Ripe females ranged in age from II through VII. Linear regression on 

egg number to total length and egg number to corrected body weight were 

significantly different from zero (P < 0.01). The mean number of eggs 

was 6,117 (2,395 to 12,859). Females matured at an earlier age compared 

to those in other studies, probably reflecting the longer growing season 

in Alabama. Absence of older females from the samples suggested selec¬ 

tive mortality. Fecundity was similar relative to size between fish 

from this study and other published studies. 

INTRODUCTION 

Few studies are available that provide data on both fecundity and 

maturity of wild populations of channel catfish, Iatalurus punctatus 
(Rafinesque) . Most studies present data on either age or length at ma¬ 

turity while lacking fecundity estimates from adequate samples of mature 

females (Carlander, 1969). In Lake Erie, approximately one-half of the 

females mature at 250 to 280 mm total length (DeRoth, 1965) . Channel 

catfish in Kansas rivers (Deacon, 1961) mature at 305 to 381 mm total 

length. Females in the Des Moines River, Iowa, first mature at age IV 

and about 272 mm total length (Ackerman, 1965). In the upper Mississippi 

River, females mature at age IV or V (Appleget and Smith, 1951; Barnickol 

and Starrett, 1951), and most mature at 305 to 381 mm total length 

(Barnickol and Starrett, 1951). In Canton Reservoir, Oklahoma, females 

mature at age II and the smallest was 358 mm total length (Cross, 1951). 

The majority of females examined in Louisiana were mature at 268 to 280 

mm total length (Davis and Posey, 1958). The smallest mature female 

encountered in Lake Moultrie, South Carolina was 615 mm total length and 

weighed 2,540 gms (Stevens, 1959). In the James River, Virginia, females 

first reach sexual maturity at 229 to 254 mm total length (Menzel, 1945). 

^his research was supported by the Alabama Cooperative Fishery 

Unit in cooperation with the U.S. Bureau of Sport Fisheries and Wildlife, 

Auburn University, and the Alabama Department of Conservation and Natural 

Resources. 

2This paper is based on part of a dissertation submitted to the 

Graduate Faculty, Department of Fisheries and Allied Aquacultures, 

Auburn University in partial fulfillment of the requirements for the 

degree of Doctor of Philosophy, December, 1971. 

3 Present address: Southern Services, Inc., Research Department, 

P. 0. Box 2625, Birmingham, Alabama 35202. 
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The purpose of this paper is to present fecundity and maturity data 

on wild populations of channel catfish from Alabama and to make compari¬ 

sons with other studies (Jerald, 1970; Menzel, 1945; Muncy, 1957) that 

used similar samples. 

MATERIALS AND METHODS 

Channel catfish were collected from six sampling areas in the Ala¬ 

bama and Tombigbee River drainages of Alabama during 1969 and 1970 

(Wahlquist, 1971). Fish were captured by monofilament gill nets or were 

obtained from commercial fishermen using nylon gill nets, trot lines, 

and wooden slat traps. Total length (nearest mm) and weight (nearest 

2 g in fish 500 g or less; nearest 0.01 lb in larger fish) were recorded 

in the field. Ovaries were removed, labeled, and placed in individual 

jars containing 10% formalin. All spent or non-developing ovaries from 

mature or larger specimens were preserved and saved to compute percent¬ 

ages of total body weight. All preserved ovaries were weighed to the 

nearest 0.1 g on a triple beam balance. The following formula (Jerald, 

1970) was used to estimate fecundity: 

E=W [W./ E(W,,/w..)] 

1 j-l « f 

where: E=number of eggs 

W-weight of both ovaries in grams 

VL=weight of left ovary in grams 

.=1,2,3 weight of anterior, center and 

J posterior sections of left ovary in grams 

W. =weight of jth section of left ovary 

j in grams 

w..=mean weight of egg in jth section of 

1'* left ovary 

Age was determined from cross sections of the left pectoral spine 

(Sneed, 1951). 

RESULTS AND DISCUSSION 

The number of mature female channel catfish collected in this study 

was insufficient for comparisons between sampling areas. Twenty-six 

mature females containing underdeveloped or spent ovaries were collected 

from all sampling areas. These ovaries averaged 1.4% of the body weight 

(0.2 to 3.6%). Females containing inactive or spent ovaries ranged in 

age from II to VI and averaged 348 mm (251 to 450 mm) TL. 

Ripe ovaries were collected from 26 fish. The ovaries of one female 

could not be used in determining fecundity since they were heavily para¬ 

sitized by the digenetic trematode, Acetodextra ameiuri, and egg develop¬ 

ment was abnormal. Because of small sample size, the data from both 

years were combined to determine fecundity (Table 1). Females contain¬ 

ing ripe ovaries were collected from April 21 through July 9, 1969 and 

from April 28 through July 13, 1970; ages ranged from II through VII. 
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TABLE 1. Egg counts of channel catfish collected from Alabama during 

1969 and 1970. 

Date Age Total 

collected length(mm) 

Body 

weight(g) 

Corrected Weight Number 

weight(g)1 eggs(g) eggs 

5/31/69 II 280 170 156 13.7 6432 

5/31/69 III 280 170 159 10.6 3464 

7/13/70 III 308 232 205 27.5 2395 

4/21/69 III 311 317 271 45.8 7484 

4/28/70 III 326 294 260 34.2 4201 

4/28/70 III 330 312 282 29.9 3997 

7/9/69 III 435 690 617 73.3 9773 

5/21/70 IV 290 200 162 37.7 2710 

7/16/69 IV 307 240 221 18.6 3179 

7/9/69 IV 345 404 356 48.4 6445 

6/9/70 IV 353 388 362 26.1 4763 

7/9/69 IV 356 424 379 45.3 5800 

7/9/69 IV 360 410 340 70.4 5966 

7/9/69 IV 377 452 391 60.7 7684 

6/17/70 IV 382 470 418 51.8 5093 

4/28/70 IV 385 508 457 50.6 4498 

6/10/70 IV 385 468 383 85.0 7222 

7/17/69 IV 412 520 434 86.3 7345 

5/31/69 IV 425 844 709 135.5 10627 

7/9/69 IV 482 971 841 129.5 11193 

5/21/70 V 335 330 280 50.0 3300 

5/28/70 V 353 426 343 83.4 5388 

4/15/70 V 357 360 335 24.8 5210 

4/15/70 V 391 460 445 15.1 4824 

5/12/70 V 480 1216 1030 186.5 12859 

6/10/70 VII 400 630 527 102.7 7197 

Corrected weight=weight of fish - ovary weight 

Percentage age composition was 4% age II, 23% age III, 50% age IV, 19% 

age V, 0% age VI, and 4% age VII. 

Ovarian weight increases by 1% due to preservation in formalin 

(Jerald, 1970). Mean ovarian weight for all ripe fish was 12% of the 

body weight. Twelve channel catfish sampled from the Des Moines River, 

Iowa possessed ripe ovaries weighing approximately 15% of the body 
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weight (Muncy, 1957). Twenty fish collected from Lake Carl Blackwell, 

Oklahoma contained ripe ovaries weighing 7% of the body weight (Jerald, 

1970). In all three studies, ovarian weight was not corrected for 

formalin preservation. Ovarian weight of 10 fish collected in the 

James River, Virginia was not determined (Menzel, 1945). 

Table 2 summarizes the fecundity and maturity data from four 

studies. It appears that females from Alabama (age group II) mature 

at an earlier age than specimens from Iowa (age group V) and from 

Oklahoma (age group V). Age was not determined in the Virginia study. 

Older females were present in Iowa (age group IX) and Oklahoma (age 

group XI) compared to Alabama (age group VII). Maturity at an earlier 

age and the absence of older females from Alabama are probably related 

to the longer growing season and selective mortality in southern lati¬ 

tudes. Total length of fish sampled in the four studies was comparable, 

but smaller fish were absent in the Virginia study. Differences in the 

range of body weight from the four studies reflect the degree of ova 

maturity when females were collected. Different methods were used to 

determine fecundity; therefore, definite conclusions could not be drawn 

in comparing egg number to age, total length, and body weight. It 

appeared that fecundity was similar in Alabama, Iowa and Virginia rela¬ 

tive to size, whereas extremely high egg counts were reported from 

Oklahoma. A general trend of increase in egg number with increased 

length was evident in all four studies. 

Linear regression was computed to relate egg number to total length 

and egg number to fish body weight. It is spurious to correlate egg 

number with uncorrected body weight since the weight of eggs contributed 

approximately 15% of the body of fish (Muncy, 1957). Therefore, egg 

number in this study was correlated with corrected fish body weight 

(weight of fish minus weight of ovaries) to eliminate bias. The mathe¬ 

matical expression for the linear egg number - total length regression 

was as follows: 

Y = -8,331 + 39.77 X where: 

Y = number of eggs 

X = total length of fish in mm 

The correlation coefficient (r) 0.660 was significantly different from 

zero (P < 0.01). 

The mathematical expression for the linear egg number-corrected body 

weight regression was as follows: 

Y = 1,652 + 11.20 X where: 

Y = number of eggs 

X = corrected body weight of fish in gm 

The correlation coefficient (r) 0.757 was significantly different from 

zero (P < 0.01). 
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Valid comparisons and testing of significant differences between 

the slopes of the egg number-total length and egg number-corrected body 

weight relationships in the four studies could not be made because of 

(1) unequal sample sizes and representation in length groups, and 

(2) different methods by which fecundity was determined (Table 2). Also, 

plotted data of egg number to total length and egg number to corrected 

body weight revealed no distinct differences between the studies. 
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A VERSATILE SUPERSONIC THERMAL MIXING LASER 

T. G. Roberts, H. L. Pratt, and R. L. Morgan 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

ABSTRACT 

An arc-driven laser with an aerodynamic nozzle was designed so that 

cold CO2 or other gases could be injected either into the expanding N2 

flow before it reaches the nozzle exit (supersonic mixing mode) or into 

the flow just before it reaches the nozzle throat (near-sonic mixing 

mode). The gases can also be premixed either before or upon injection 

into the plenum (GDL mode). 

The results obtained when this laser is operated in the GDL mode 

with marginal plenum conditions are compared with those obtained in 

the supersonic and near-sonic mixing modes using cold C02. Preliminary 

results are also given for operation in the supersonic mixing mode when 

CS2 + He are injected into the hot expanding N2 flow. The supersonic 

mixing mode extends the operating range of plenum conditions, and for 

marginal operating conditions in the GDL mode, it increases the output 

power by more than an order of magnitude. Somewhat similar results 

were obtained in the near-sonic mixing mode. Lasing was also obtained 

when CS2 + He was mixed with the N2 flow from the plenum. 

INTRODUCTION 

The conventional mode of operation of gas dynamic lasers, where 

rapid cooling is provided by an aerodynamic expansion of the entire 

lasing mixture, has received extensive theoretical and experimental 

treatment (1-30). This mode of operation places rigid requirements 

on the design of nozzles and limits the range of plenum conditions for 

which these nozzles will function properly (13,14,23,28,29). These 

limitations can be relaxed by mixing a cold gas such as C02 with the 

fast flowing nonequilibrium N2 from a plenum (31-39). Thefirst No-COo 

laser of Patel (31) was of this type and gases other than CO? have been 
used (40-43) 

This article reports the results obtained with an arc—driven laser 

having an aerodynamic nozzle designed so that cold C02 or other gases 

can be injected either into the expanding N2 flow before it reaches the 

nozzle exit (supersonic mixing mode) or into the flow before it reaches 

the nozzle throat (near-sonic mixing mode). The gases can also be pre¬ 

mixed either before or upon injection into the plenum (GDL mode). The 

results obtained in the GDL mode with marginal plenum conditions are 

compared with those obtained in the supersonic and near-sonic mixing 

modes using cold C02. Preliminary results are also given for operation 

in the supersonic mixing mode using a mixture of cold CS2 and He. The 

laser is described first and then the results are presented and dis¬ 
cussed . 
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THE LASER 

The laser (Figure 1) consists of a gas handling system, dc arc and 

controls, a plenum, a nozzle, an optical cavity, and a large vacuum 

tank (37). A strong solenoidal magnetic field (0.07 Weber/amp) is 

used to rapidly rotate the electric arc discharge in the electrode gap. 

This tends to prevent overheating and evaporation of the electrode sur¬ 

faces, increases the arc voltage for a given current, improves electri¬ 

cal stability, and decreases electrical noise and pressure fluctuations. 

The arc is ignited by a plasma gun starter which produces a small tongue 

of plasma which shorts the electrode gap (44). The arc electrodes and 

the magnetic coil are cooled by water at approximately 500 psi. This 

is the only part of the device that is water-cooled. To obtain repro¬ 

ducible results each run had to be started with the device near room 

temperature. The optical cavity and the nozzle are shown in Figure 2, 

where the flow direction is as indicated and the optical axis is perpen¬ 

dicular to the page. The nozzle exit area is 1.5 inches high by 12 

inches wide and each of the three throats is 0.032 inch high. Six rows 

of holes, two in each expansion section, are located so that cold gases 

can be injected into the flow during its expansion. These gases enter 

through two ports in the top of the nozzle, and there are sixty 0.030- 

inch diameter holes along each downstream surface. The nozzle has 

sufficient symmetry to permit it to be rotated and mounted backwards, 

as was done for near-sonic mixing studies. The optical cavity was 

formed by two flat gold-plated mirrors mounted so that they formed part 

of the wall of the flow channel. The energy was coupled out through an 

array of 181 holes in one of the mirrors. Each of these holes was 

0.039-inch in diameter. 

RESULTS AND DISCUSSION 

During each run the mass flow rate of each gas, the plenum pressure 

and temperature, the arc voltage, and the current were recorded on a 

strip chart recorder. The amount of water vapor used could be accurately 

metered (45), but the CS2 was injected by passing measured flow rates of 

He through liquid CS2 before being admitted to the nozzle block. The 

average CS2 mass flow rate was determined by weighing the liquid before 

and after a run and dividing the loss in weight by the run time. The 

temperature of the CS2 container changed considerably during a run, so 

that the CS2 flow rate was not constant. 

The run times were held nearly constant and the output power was 

either recorded on a strip chart recorder or was detected by the patterns 

burned into Thermofax paper or into polyurethane packing material. The 

polyurethane material seemed to evolve vapors which were nerely noncom¬ 

bustible, and the depth of the burn or the volume of the material removed 

was proportional to the energy deposited. When the output power density 

was large enough to use the packing material, a plot of the average in¬ 

tensity of the output beam as a function of position in the optical 

cavity could be obtained. Generally, after burn patterns were obtained 

the run was repeated and the output power was measured. 

While operating in the GDL mode with plenum pressures ranging from 

20 to 45 psia and plenum temperatures between 1300° and 1400° K, no 
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FIGURE 1. The laser system. 

FIGURE 2. The optical cavity and nozzle. 
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output power could be obtained unless water vapor was used and the 

maximum power obtained was 15 W. When the N2 mass flow was varied from 

100 to 180 g/sec with the C02 and H20 mass flow rates being held con¬ 

stant, the power at first increased and then decreased at the higher 

mass flow rates. This range of N2 mass flow rates caused a considerable 

variation in the molar fractions of C02 and H20. For example, the molar 

fraction of H20 changed from about 2 to 4.4% with maximum power being 

obtained at an H20 molar fraction of 3.3%. The cross-sectional area 

of the output beam, as indicated by Thermofax paper bums, increases 

with the output power. However, in no case was power extracted either 

from the beginning or from the end of the output coupling region, and 

the peak intensity in each case occurred a little upstream of the center 

of the optical cavity. This is illustrated in Figure 3, which shows the 

Thermofax paper burns made when the N2 and C02 mass flow rates were set 

at 100 and 19 g/sec, respectively, approximately optimizing the N2 and 

C02 mole fractions, and the H20 mass flow rate was varied as indicated. 

The other parameters were P0=25 psia, To~1350°K, and the run time was 

~4 sec. The heavy lines on each side indicate the position of the first 

and the last row of holes in the output mirror. The maximum output power, 

which was obtained at an H20 molar fraction of 3%, was also measured by 

focusing the output beam into a Coherent Radiation Laboratory detector. 

There is a considerable drop in output power for H20 molar fractions 

greater than 5%. For H20 mass flow rates less than 1 g/sec, no burns 

were obtained on the Thermofax paper. A theoretical treatment of these 

data is given in reference (26). 

By changing to the supersonic mixing mode, approximately an order 

of magnitude increase in the output power is obtained. This output 

power increases with the mass flow rates of N2 and C02, and the use of 

He or H20 to help deactivate the lower laser level causes a decrease 

in the output power. However, these deactivators do tend to produce a 

uniform spatial distribution of the intensity in the output beam. In 

this mode it is only necessary for the nozzle to freeze the vibrational 

energy of N2 and this allows the laser to be operated with plenum pres¬ 

sures up to 60 psia where an output power of 275 watts was obtained. 

The spatial distribution of the intensity in the output beam as deter¬ 

mined by burns in polyurethane was measured as a function of the mass 

flow rate of each gas used. The spatial distribution of the intensity 

obtained when the mass flow rates of N2 and C02 were set at 200 g/sec 

and 77 g/sec, respectively, and the He mass flow rate was varied are 

illustrated in Figure 4. In Figure 4 the Z coordinate is measured along 

the flow between the beginning and the end of the output coupling region, 

and it may be seen that without the use of a deactivator the intensity 

has a peak near the beginning of the holes in the mirror. 

With the nozzle turned backward for operation in the near-sonic 

mixing mode, it was still possible to obtain oscillations in the GDL 

mode. However, the best output power that could be achieved was 6 watts. 

In the near-sonic mixing mode no output power was obtained without the 

use of a deactivator. Helium was not used, but when water vapor was 

used an output power of 110 watts was achieved by adjusting the mass flow 

rates for optimum output power. The distribution of the intensity in 

the output beam resembled that of the GDL mode more than that of the 

supersonic mixing mode. The burn depth in polyurethane versus Z for 

three different settings of the mass flow rates is plotted in Figure 5. 
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mH20 

,fh20) 

2.2 gm/sec 
13%) 

3.3 gm/sec 
(4.4%) 

4.0 gm/sec 

(5.3%) 

4.4 gm/sec 

( 5.8 %) 

= 100 gm/sec, Mqq^ = 19 gm/sec 

FIGURE 3. Burn patterns with H2O mass flow rate variation, GDL mode. 

34 



Supersonic Thermal Mixing Laser 

I (BURN DEPTH) 

N2 200 gm/$ec 

CO2 77 gm/sec 

Z 

FIGURE 4. Spatial burn patterns with He variation, supersonic mixing 

mode. 

- N2: 185. C02: 90. H2O: 3.3 gm/sec 

-N2: 195, C02: 90, H2O: 3.3 gm/sec 

C02 : 90, H2O: 5.7 gm/sec 

FIGURE 5. Spatial burn patterns with N2 and H2O variation, near-sonic 

mixing mode. 
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Note that the mole fraction of water vapor is low compared to operation 

in the GDL mode and that much more CO2 is needed for optimum operation, 

which is consistent with requiring less performance from the nozzles. 

Just before this project was terminated there was a brief period 

when the laser was operated in the supersonic mixing mode using cold 

CS2 + He. Lasing was obtained several times with different hole coupling 

output mirrors on the cavity. Figure 6 illustrates the results obtained 

using the same optical cavity as used in the above CO2 work. The burn 

P PLENUM 

P CAVITY 

T LASE 

- 65 PSIA 

- 15 TORR 

1 SEC 

N2 (ARC) - 76 g/SEC 

N2 (PLENUM) — 190 g/SEC 

C02 < 40 g/SEC 

p PLENUM — 65 PSIA 

p CAVITY - 30-85 TORR 

T LASE - 1 SEC 

N2 (TOTAL) - 263 g/SEC 

He = 32 g/SEC 

CS2 (AVG) - 8.1 g/SEC 

FIGURE 6. Spatial burn patterns using CO2 compared with spatial burn 

patterns using CS2 + He, supersonic mixing mode. 
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patterns obtained for supersonic mixing when CO2 is passed through the 

same lines, container, and valves which were used with CS2 is shown in 

the top half of Figure 6, and the burn pattern obtained when He is used 

to carry in CS2 is shown in the bottom half of Figure 6. Note that more 

power was obtained with CS2. This was the case with all optical cavities 

tested. However, these results were not readily reproducible and are to 

be treated as preliminary. 

It was not possible to operate in the GDL mode with better plenum 

conditions because the arc facility for which the laser was designed 

never became available to this project and the plenum conditions re¬ 

ported here were the best that could be obtained with the only available 

arc. However, it has been shown that various mixing schemes can be used 

to increase the operating range and the output power of a GDL operating 

under marginal conditions. The supersonic mixing mode may be used in 

systems where it is only necessary for the nozzle to freeze the vibra- 

tionally excited N2, thus allowing much higher plenum temperature to be 

utilized. 
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OBSERVATIONS ON THE EFFECTS OF ISRAELI CARP 

ON PITHOPHORA AND OTHER AQUATIC PLANTS IN 

ALABAMA FISH PONDS 

Johnie H. Crance1 

U.S. Department of Commerce NOAA 

National Marine Fisheries Service 

St. Petersburg, Florida 

ABSTRACT 

Thirty fish ponds infested with Pithophora sp. and/or other 

obnoxious weeds were stocked with Israeli carp, Cyprinus oarpio 
Linnaeus, fingerlings at rates ranging from a total of 42 to 106 per 

acre. After 12 to 18 months, the tests had not resulted in successful 

control of either algae or higher plants. 

INTRODUCTION 

Branched filamentous algae of the genus Pithophora and numerous 

other aquatic plants often become a nuisance in warm-water fish ponds 

in the Southeastern United States. Profuse growth of aquatic plants 

may be unsightly, impede fishing and reduce nutrient concentration 

below that required for optimal production of fish food organisms. 

Few, if any, herbicides kill Pithophora and give desirable control. 

The use of some aquatic herbicides is precluded by their potential 

danger to man, livestock, fish and fish food organisms. Therefore, 

fish able to control obnoxious weeds and also provide supplemental 

fishing are highly desirable in some ponds. 

PROCEDURE 

The Israeli carp (mirror strain of common carp), Cyprinus oarpio 
Linnaeus, was selected to test for weed control potential because it 

consumes some aquatic plants, grows rapidly, is used as a food fish 

and can be taken on hook and line by sport fishermen. 

During the winter and spring of 1958-59, 30 fish ponds located in 

South Alabama and infested with Pithophora sp. and/or other weeds, were 

stocked with 2- to 7-inch long Israeli carp at rates ranging from 42 

to 106 per acre. The smallest pond was 2 acres and the largest was 

22 acres. Some of the ponds were fertilized at rates equivalent to 

8 to 10 applications of 100 lb per acre of 8-8-2 (N-P2O5-K2O) annually. 

Each of the ponds already contained an established fish population con¬ 

sisting of bluegill, Lepomis macroohirus Rafinesque; redear sunfish, 

L. microlophus (Gunther); and largemouth bass, Mioropterus salmoides 
(Lacdp&de). The ponds were observed monthly for up to 18 months follow¬ 

ing stocking with Israeli carp to determine effects on the plants. The 

abundance of floating, emergent and submersed weeds was recorded each 

time and compared to the previous month's data. Submersed plants were 

obtained with a rake. 

^This study was conducted while the author was employed by the 

Alabama Department of Conservation, Game and Fish Division, Montgomery, 

Alabama. 
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RESULTS AND DISCUSSION 

Pithophora 

Fifteen of the 30 ponds initially contained an abundant growth of 

Pithophora sp. and were stocked with 50 to 106 Israeli carp per acre. 

Twelve to 18 months following initial stocking, Pithophora sp. had been 

reduced about 95% in two ponds and 25% in four ponds. There was no 

apparent reduction in abundance of the alga in nine ponds. 

The two ponds that exhibited a 95% decrease in abundance of 

Pithophora sp. had been fertilized regularly. One of the ponds had 

been stocked with 50 Israeli carp per acre for 18 months (initial 

stock) plus an additional 50 per acre for 5 months (supplemental stock). 

The other pond had been stocked with 50 Israeli carp per acre (initial 

stock only) for 12 months and Pithophora sp. was removed periodically 

from it. 

Of the four ponds that exhibited a 25% decrease in Pithophora 
sp., one pond had been stocked with 50 Israeli carp per acre for 12 

months (initial stock only), one pond with 50 per acre for 18 months 

(initial stock) plus 50 per acre for 5 months (supplemental stock), 

and two ponds with 50 per acre for 13 months (initial stock) plus an 

additional 50 per acre for 5 months (supplemental stock). I have often 

observed flutations in the abundance of Pithophora sp. in Alabama ponds 

receiving neither Israeli carp nor treatment with herbicides. 

Of the nine ponds with no apparent reduction in Pithophora sp., 

seven had been stocked with 50 Israeli carp per acre for 12 to 18 months 

(initial stock only); one with 50 per acre for 18 months (initial stock) 

plus 50 per acre for 5 months (supplemental stock); and one with 50 per 

acre for 13 months (initial stock), plus 31 per acre for 9 months (first 

supplemental stock), plus 25 per acre for 4 months (second supplemental 

stock). 

Other Algae and Higher Plants 

Fifteen of the 30 ponds contained no Pithophora sp. but were ini¬ 

tially infested with one or more of the following plants: Najas sp.; 

Chara sp.; Rhizoolonium sp.; Spirogyra sp.; Potomogeton sp.; Hydroootyle 
sp.; Ludwigia sp; Duckweed, Lemna minor Linnaeus; Southern watergrass, 

Hydroohloa caroliniensis Beauv.; and Needle rush Eleooharis aoioularis 
(Linnaeus) R. & S. These 15 ponds received only an initial stock of 

Israeli carp. Two received 42 per acre and 13 received 50 per acre. 

After 12 to 18 months, only Rhizoolonium sp. and Spirogyra sp. were 

reduced in abundance. Spirogyra sp. disappeared after a year in a 

pond that had been stocked with 50 Israeli carp per acre and fertilized 

regularly, but this alga was not reduced in an unfertilized pond that 

had been stocked with 50 Israeli carp per acre for a year. Rhizoolonium 
sp. disappeared in two fertilized ponds that had been stocked with 50 

Israeli carp per acre for 18 months and in another fertilized pond that 

had been stocked with 50 per acre for a year. However, it was not 
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significantly reduced in an unfertilized pond that had been stocked with 

50 Israeli carp per acre for a year. 

Israeli carp fingerlings are probably highly susceptible to pre¬ 

dation by bass. Only nine of the 30 pond owners reported catching 

Israeli carp. An 8-lb Israeli carp was caught from one of the ponds 

15 months after stocking, and one 4-lb Israeli carp was caught in 

another pond 5 months after stocking. One 6-acre pond stocked with 

300 Israeli carp during April, 1959, yielded 10 to fishermen; 27 during 

a fish kill; and 100 upon draining the pond in July, 1959. 

CONCLUSION 

The stocking of a total of 42 to 106 Israeli carp fingerlings per 

acre into ponds which already contained established largemouth bass- 

bluegill-redear populations, did not show successful control of Pithophora 
sp. or of several other common pond weeds 12 to 18 months later. 
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PATTERNS OF EMPLOYMENT IN ALABAMA 

G. T. Stewart 

School of Business and Commerce 

Troy State University, Troy, Alabama 

Optimal economic development of an area or region not only requires 

an improvement in the quantity and quality of labor, but also a high 

degree of utilization of labor. The purpose of this paper is to add to 

the understanding of Alabama's development and utilization of labor by 

identifying the structure and dimensions of Alabama's labor market as 

compared with the national average. 

During the period 1950 to 1970, Alabama's economy experienced a 

profound change in employment away from agriculture to manufacturing, 

service, and government employment. Since 1950 employment in agri¬ 

culture has declined by about 200,000 persons. The 1970 census placed 

agricultural employment below 50,000, and it is thus evident that 

Alabama has completed a transition away from agriculture. 

The unprecedented decline in agricultural employment provided an 

excellent opportunity for nonagricultural employment to expand. Un¬ 

fortunately, the facts reveal that nonagricultural employment expanded 

at a slightly slower rate in Alabama than for the nation. As a result 

of the combined effects of a tremendous decline in agricultural employ¬ 

ment and the slower rate of growth of nonagricultural employment, Ala¬ 

bama's share of national employment fell from 1.83% in 1950 to 1.56% 

in 1970. Most other states in the South have also experienced a decline 

in their share of national employment. 

Not only has Alabama failed to follow the national pattern of em¬ 

ployment expansion, but the state continues to employ a smaller propor¬ 

tion of its population than the nation. As shown in Table 1, Alabama's 

ratio of employed persons to total population, known as the ratio of 

gainfully employed persons, was 34.7% as compared to 37.7% for the 

nation in 1970. Each census since 1940 has pointed to a lower ratio 

of employed persons in Alabama as compared with the nation. If Alabama's 

ratio in 1970 had been raised to the national average, the state would 

have employed 103,320 more persons. This did represent an improvement 

over 1960 when the national average would have meant a rise in employ¬ 

ment for Alabama of 143,748 persons. Thus, the gap between Alabama's 

overall rate of utilization of labor and the nation is closing very 

slowly. 

One cause of the lower ratio of gainfully employed persons for the 

state has been the higher ratio of young and old persons to total popu¬ 

lation. The larger ratio of young and old persons has meant that the 

state has had a lower ratio of persons in the most active age group of 

20-64 years. In 1940, 1950, and 1960, as shown in Table 1, Alabama's 

ratio of persons in the age group 20-64 was approximately 3-6% below the 

rate for the nation. A state with a large proportion of its residents 

under 20 and above 64 has greater service needs and less economic poten¬ 

tial than an area with a higher proportion of its residents in the 20- 

64 age bracket. 
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TABLE 1. Gainfully employed persons and proportion of population 20-64 

years for Alabama and the United States in 1940, 1950, 1960, 1970 (percent) . 

Gainfully Employed Persons Population 20-64 Years 

Year Alabama United States Alabama United States 

1940 31.6 34.3 52.1 58.7 

1950 33.7 38.0 52.2 57.9 

1960 32.6 37.0 49.6 52.5 

1970 34.7 37.7 51.0 52.2 

Source: Based upon U.S. Department of Commerce, U.S. Census of 
Population, various years and pages. 

Principally because of the decline in the percentage of persons in 

the nation in the age group 20-64, the state's lag behind the nation fell 

to about 1% in 1970. Accordingly, today only an infinitesimal part of 

the state's lag in gainfully employed persons is due to the lower ratio 

of persons 20-64 years of age. 

While the ratio of gainfully employed white males and females is 

lower for the state than the nation, the greatest lag is in the ratio of 

gainfully employed nonwhite males and females. The higher ratio of 

nonwhites to whites in Alabama and the tendency of nonwhites to have 

lower rates of employment has tended to cause a lower aggregate ratio of 

gainfully employed persons. Moreover, nonwhites have a higher proportion 

of persons under 20 years of age and thus a lower ratio of persons in the 

most active age group of 20-64 years. 

Another way to measure the utilization of labor is to look at the 

growth of employment both by occupation and industry. As pointed out 

previously, Alabama's labor market has not expanded as rapidly as that 

of the nation as a whole. Since 1950, employment in the nation has 

risen by 35.7%. The rate of growth of employment by industry in Alabama 

in some cases exceeded the national average, but in many industries 

Alabama's employment failed to keep pace. 

Table 2 shows employment expansion in Alabama as compared to the 

nation from 1950 to 1970. Agriculture declined in Alabama at a rate 

faster than the national average and as a result the state's speciali¬ 

zation in agriculture declined. A ratio of specialization of 1.0000 

means that the state's percentage employment in that area is equal to 

the national average. The ratio of 1.0456 means that Alabama is now 

only slightly more specialized in agriculture than the nation. In 1950 

Alabama was far more specialized in agriculture than the nation as a 

whole. The decline in agricultural employment has slowed substantially 

from the 1950-1960 decline of 148,665 to 58,556 in the period 1960-70. 
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TABLE 2. Employment by industry and specialization in employment 1950-70. 

Percentage Increase 1950-70 

Coefficient of Specialization 

In Employment In Alabama 

Industry Alabama United States 1950 1970 

Agriculture -81.93 -59.62 1.9717 1.0456 

Mining -67.7 -32.24 1.6125 .9004 

Construction 49.8 32.24 .8667 1.1515 

Manufacturing 51.1 35.08 .8421 1.1047 

Transportation 

and Utilities 32.6 16.5 .7239 .9830 

Trade 48.6 46.3 .7932 .9449 

Finance, Real Es¬ 

tate, Insurance 106.0 99.9 .6060 .7323 

Services 58.1 103.7 1.0664 .9704 

Government and 

Education 90.6 118.1 .9816 1.0058 

Miscellaneous -22.9 -15.3 .7211 .7699 

Source: Based upon U.S. Department of Commerce, U.S. Census of 
Population, various years and pages. 

This means that the peak of migration from farms has already occurred. 

Farm employment in Alabama in 1970 represented less than the outward 

migration that occurred during the 1960-70 period. 

In mining employment, the higher rate of decline for Alabama has 

meant that Alabama has become much less specialized in this area. The 

mechanization of the mines has taken a greater toll on employment in 

Alabama than in the nation as a whole. 

In both construction and manufacturing, Alabama's rate of employ¬ 

ment expansion has exceeded the national average since 1950, and thus 

the state has become slightly more specialized in these areas of em¬ 

ployment than the nation. Ten of the twelve separate areas of manu¬ 

facturing employment in Alabama during the period 1950-70 had higher 

rates of growth than the national average. 

In textile employment, Alabama resisted the national decline of 

about 5% and posted a healthy rise of 45%. While textile employment 

remains the state's highest area of specialization in employment, the 

ratio of concentration fell slightly from 1958 to 1967 from 3.0174 to 

2.8958. Other areas of high employment specialization for manufacturing 

employment in Alabama in 1970 were lumber 2.3448, primary metals 2.3333, 

apparel 2.1143, paper 1.5758, and fabricated metals 1.2321. An area of 

substantial percentage increase in employment was electrical machinery 

in which the ratio of employment specialization fell from .2394 to .1959, 
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the lowest ratio for manufacturing employment. Other areas of low rates 

of specialization in Alabama were machinery except electrical .3125, 

petroleum .4286, and furniture .6818. (These data are not shown in a 

table.) 

The data in Table 2 show the increase of specialization of employ¬ 

ment in Alabama of trade, finance, insurance, and real estate; transpor¬ 

tation and utilities; and government and education. Support for the 

idea that Alabama's employment patterns are following the nation more 

closely than was previously the case is found in the fact that the con¬ 

centration ratios are now closer to the national average. The state's 

largest lag in specialization is in the area of finance, insurance, and 

real estate with a coefficient of employment specialization of .7323. 

The disparities in the rates of growth of employment by industry 

obviously affect the occupational make-up of Alabama's labor force. In 

Table 3, occupational structure of nonagricultural employment is broken 

down into three major groups: blue-collar, white-collar, and the service 

proper. 

TABLE 3. Occupational structure of nonagricultural employment, Alabama, 

1950, 1960, and 1970 (percent). 

Employment by Major Coefficient of Specialization 

Industry Group _In Alabama_ 

Alabama 

Occupation 1950 1960 1970 1950 1960 1970 

All Persons 100.0 100.0 100.0 1.0000 1.0000 1.0000 

White-Collar 34.5 38.2 42.1 .8237 .8719 .8455 

Professional, Technical 

and Kindred 8.3 10.2 12.8 .8384 .8559 .8355 

Managers, Officials 

and Proprietors 9.0 8.7 8.1 .8883 .9761 .9449 

Clerical and Kindred 9.8 12.1 14.4 .7005 .7890 .7786 

Salesworkers 7.3 7.2 6.7 .9305 .9446 .9192 

Blue-Collar 49.5 45.9 44.3 1.0966 1.1730 1.1929 

Craftsmen, Foremen 

and Kindred 14.3 14.9 15.7 .9089 1.0345 1.1003 

Operatives and Kindred 25.5 23.0 22.2 1.1160 1.1732 1.2245 

Nonfarm Laborers 10.1 8.0 6.2 1.4612 1.5625 1.3557 

Service 16.0 15.9 13.8 1.3933 1.3457 1.0471 

Service (except private 

household) 8.9 8.7 10.2 1.0296 .9689 .8733 

Private Household 

Workers 7.1 7.2 3.6 2.5018 2.5325 2.3484 

Source: Computed from U.S. Department of Commerce, U.S. Census of 
Population, various pages and years. 
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Alabama's employment in blue-collar occupations is a much higher 

proportion of employment than for the nation as a whole. Blue-collar 

employment as a proportion of total for the U.S. fell from 45% in 1950 

to 39% in 1960 and then to 37% in 1970. Alabama's ratio of blue-collar 

workers fell from 49% in 1950 to 44% in 1960 and dropped only slightly 

in the period 1960-70. Alabama's coefficient of specialization in blue- 

collar occupations is increasing principally because this area of employ¬ 

ment is becoming less important for the nation as a whole. 

As might be expected, nonfarm laborers is the only blue-collar 

occupation to decline in importance. The continuous decline in blue- 

collar occupations nation-wide seems to raise a question as to whether 

Alabama will manage to hold its own in this area in the future. 

The inability of blue-collar occupations to increase as a proportion 

of employment may seem odd in view of the substantial rise in manufac¬ 

turing employment in the state of 51.1% during the period 1950-70. While 

most jobs in the factories are blue-collar jobs, Victor Fuchs has esti¬ 

mated that in 1960 30.5% of all employment in manufacturing was in 

service-type occupations (white-collar plus service proper). Even in 

construction, 20% of the jobs are in service-type occupations. Moreover, 

Fuchs estimates that 46.7% of all jobs in transportation, communication, 

and public utilities are service-type occupations. By 1970, the ratio 

of service-type occupations in manufacturing, transportation, communica¬ 

tion, and public utilities probably was much higher than it was in 1960. 

Thus, additional expansion of manufacturing employment will also mean 

the growth of white-collar occupations. 

As might be expected, white-collar occupations are an increasingly 

important source of employment for both the state and nation. While 

white-collar employment has increased continuously and so has the na¬ 

tional average, the state has lagged behind the nation in white-collar 

employment by 5h to 9% in each census period. Alabama's rate of special¬ 

ization in white-collar occupations increased slightly from 1950 to 1960 

and has since dropped slightly. 

Alabama continues to rely more heavily on household employment than 

the nation as a whole. Nation-wide and in the state, household employ¬ 

ment is declining, and thus persons are moving from household to other 

types of employment. Alabama's high ratio of specialization in house¬ 

hold employment results from the fact that, although household employ¬ 

ment fell from 7% in 1950 to 3.6 points in 1970, the ratio is still 

twice as high as it is for the nation. 

Another way to examine service employment trends is to arrange the 

various parts of the service sector according to the following classi¬ 

fication system: new service, complementary services, and old services. 

M. A. Katouzian believes that the trimodel classification system is a 

useful way to analyze trends in the service economy. 

New services consist of services whose demand grows with the rise in 

per capita income, the expansion of leisure-time, and redistribution of 

income in favor of the poor. As shown in Table 4, all the services 

listed under new services have continued to grow in each census period. 
Moreover, as is the case of other measures, Alabama's relative lag behind 

the nation has declined. 
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TABLE A. Employment by new, complementary, and old services in Alabama 

and the United States 1950, 1960, 1970 (percent of total employment). 

1950 

United 

Category Alabama States 

1960 

United 

Alabama States 

1970 

United 

Alabama States 

New Services 
Education 3.9 3.6 5.1 5.2 6.9 7.6 

Health 1.1 1.8 2.1 2.6 5.3 6.0 

Eating and 

Recreation 2.5 3.9 2.6 3.6 2.6 3.8 

Other Personal 2.8 3.3 3.0 3.0 3.2 3.2 

Welfare .7 1.0 1.1 1.3 1.3 1.5 

Total 11.0 13.6 13.9 15.7 19.3 22.1 

Complementary 
Services 
Wholesale 2.A 3.5 2.7 3.A A. 0 A. 1 

Food and Baking 2.7 3.0 2.7 2.6 2.6 2.5 

Retailing 7.6 9.2 9.5 9.A 10.3 10.5 

Banking, Insurance 

and Real Estate 2.1 3.A 3.0 A.2 3.7 5.0 

Business, Repair, 

and Legal 1.5 2.3 1.9 2.5 A. 1 5.7 

Public Adminis¬ 

tration 3.7 A.5 5.5 5.0 5.8 5.5 

Transportation A. 1 5.2 3.5 A.3 3.A 3.7 

Communications and 

Public Utilities 1.8 2.7 2.A 2.7 3.A 3.1 

Total 25.9 33.8 31.2 3A.1 37.3 A0.1 

Old Services 
Private Household 5.8 2.8 6.8 3.0 3.A 1.5 

Other Personal 2.8 3.3 3.0 3.0 3.1 3.3 
Total 8.6 6.1 9.8 6.0 6.5 A.8 

Grand Total A5.5 53.5 5A.9 '55.8 63.1 67.0 

Source: Computed from U.S. Department of Commerce, U.S. Census of 
Population, various years and pages. 

Complementary services expand in response to the growth of manufac¬ 

turing and its complexity. Katouzian believes that the expansion of 

complementary services is concentrated in a relatively shorter period. 

As shown in Table A, complementary services have continued to increase 

both for Alabama and the nation. 
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Although Alabama's employment in complementary services lags in 

each category of employment, Alabama's greatest lag in complementary 

services is in the areas of banking, insurance, and real estate; 

business; repair; and legal services. 

Household employment is the only part of the service sector to 

witness a decline from 1950 to 1970. According to Katouzian, old ser¬ 

vices flourished before industrialization and have declined continuously 

since. 

Households provided one source of labor for other sectors in the 

period 1950-60. An area of employment becomes the source of labor, if 

its employment fails to expand at the rate of population growth. For 

example, if population grows at 1% per year, it is assumed that employ¬ 

ment in each occupation will grow 1%. Table 5 shows that agriculture 

was the major source of labor in the period. Surprisingly, the rise 

in the ratio of gainfully employed persons increased total employment 

by 32,884. As pointed out previously, if Alabama's ratio of gainfully 

employed persons was equal to the national average, employment in the 

state with the same population would rise substantially. Other major 

sources of labor were households, 25,885; mining, 22,022; and railroads, 

14,124. 

TABLE 5. Sources and uses of labor: 1970 as compared with 1950 pattern 

for Alabama. 

Sources Uses: Rise In 

Agriculture 238,860 Manufacturing 87,297 

Rise in Ratio of Gain- Hospitals 45,472 

fully Employed Persons 32,884 Education 42,000 

Private Households 25,885 Retailing 34,007 

Mining 22,022 Public Administration 26,278 

Industry Not Reported 17,499 Wholesaling 21,191 

Railroads 14,124 Construction 20,447 

Food 2,072 Banks and Credit 19,895 

Entertainment and Utilities 11,723 

Recreation 267 Business Services 9,245 

Total 353,613 Welfare 7,605 

Transportation and Warehousing 6,733 

Communications 6,444 

Legal 5,910 

Other Personal Services 5,189 

Eating and Drinking 1,925 

Other Transportation 1,301 

Repair Service 951 

Total 353,613 

Source: Computed from U. S. Department of Labor, U.S. Census of 
Population, various years and pages. 
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On the other hand, if employment in a sector expands faster than the 

rate of population growth, the sector becomes a user of labor. During 

the period 1950-70 the major user of labor was manufacturing. The un¬ 

usual fact about Alabama's expansion of manufacturing employment was 

the fact that textile employment rose by 20,700 from 1960 to 1970. Thus, 

the expansion of textile employment 1960-70 was responsible for about 

35% of Alabama's increase in manufacturing employment. Since this in¬ 

dustry has been a source of declining employment on the national level, 

can this area maintain its growth in the future? Some of the increase 

in manufacturing employment was caused by the establishment of the 

Marshall Space Flight Center. While employment at the Marshall Space 

Center in the mid 1960's fell by 17,000 or about 2% of employment, 

employment was higher in 1970 as a result of the establishment of 

the Center during the period. 

Other major industries to become users of labor - hospitals, 

45,472; education, 42,000; retailing, 34,007; public administration, 

26,278; - are shown in Table 5. 

It is interesting to speculate as to the sources and uses of labor 

in the next 20 years. The migration from the farm during the decade 

1960-70 was greater than the number of persons employed in agriculture 

in 1970. Farms will obviously not supply many workers for other areas 

in the future. The same seems to be true of railroads and mining. These 

industries were the source of more workers than were employed in them 

in 1970. If any of the areas mentioned are the source of labor in the 

period 1970-90, it will indeed be a small quantity. 

A higher rate of utilization of labor in the form of a higher ratio 

of gainfully employed persons would be the source of some additional 

labor. It seems probable that the state will continue to move slowly 

toward the national average in the ratio of gainfully employed persons. 

Household employment has declined in the state and nation. If 

Alabama continues to follow the national pattern, a decline in household 

employment will be the source of some labor in the period 1970-90. 

Hopefully, the major user of labor, manufacturing, will continue to 

provide many jobs. A serious question must be raised, however, in re¬ 

lation to the ability of education to retain its status as a major user 

of labor. Declining enrollment should mean a lower demand for labor in 

this area. If the demand for teachers increases at the same rate as 

population growth, education will not be a user of labor in the period 

1970-90. Although it does not seem to be in the offing, a reduction in 

the teacher-pupil could provide expanded demand for teachers. 

Vast changes have occurred in employment both by occupation and 

industry during the period 1950-70. These changes have meant the trans¬ 

fer of persons from one industry and occupation to another and possibly 

to different locations. One factor, among others, facilitating the 

transfer of labor from one employment to another is education. College 

campuses are the hotbed of labor mobility. The higher the level of 

education attainment, the higher the labor force participation. A 

society's level of educational attainment may be measured by looking at 

such things as the average number of years of schooling completed or by 

looking at the rate of development of labor in terms of enrollment data. 
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One way of looking at the rate of development of labor suggested 

by Harbison and Meyers is to compute the ratio of high school students 

as a percentage of population 15-19 years and college students as a 

percentage of persons 19-22 years of age. The ratio of high school 

students is then added to five times the ratio of college students. 

Although Harbison and Meyers admit that their composite index, based 

only upon enrollment data, is far from ideal and represents a "second- 

best" solution to the measurement of human resource development, it has 

been used in this paper because of its simplicity and convenience. In 

1970, the Harbison and Meyers Human Resource Development Index for the 

U.S. stood at 236.8 while the ratio for Alabama was 215.8. The surprise 

is that the rate of development of human resources is only slightly 

below the national average. The slightly lower index may be entirely 

appropriate for Alabama's industry - mix, employment pattern, and state 

of economic development. The junior colleges have no doubt had a sub¬ 

stantial impact on college enrollment in Alabama. To accommodate this 

high level of resource development, Alabama's youth will need many job 

opportunities. 

CONCLUSION 

Alabama's labor market is expanding more slowly than that of the 

nation as a whole. During the period 1950-70, Alabama's employment 

expanded at a rate of 15.7%, whereas the national average was 35.7%. 

The result then is that Alabama's share of national employment is de¬ 

clining . 

Alabama's rate of utilization of labor, as measured by the ratio of 

gainfully employed persons, has been below the national average. This 

has been partly caused by a lower ratio of the most active part of 

population (20-64 years of age). It is also the result of the lower 

rate of utilization of nonwhite population. 

Because agricultural employment declined at a faster rate in 

Alabama than the nation, Alabama's rate of specialization in this area 

of employment has declined. 

Alabama's employment in manufacturing, transportation, utilities, 

trade, finance, insurance, and real estate rose faster than the national 

average. The result is that Alabama is more specialized in these areas 

of employment. 

Alabama has a high rate of specialization in manufacturing employ¬ 

ment in textiles, lumber, primary metals, and apparel. The state has a 

low rate of specialization in electrical machinery. For broad industry 

classes, Alabama has a low rate of specialization in banking, insurance, 

and real estate. 

Blue-collar employment is much more important in Alabama than in the 

nation. The rise in Alabama's specialization in blue-collar occupations 

is due to the decline in the national importance of this area while it 

is constant in the state. 

Surprisingly, while Alabama's rate of development of human resources 

as measured by enrollment data, is lower than the national average, it 

is still much closer to the average than most people think. 
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ABSTRACT 

The herbicide atrazine was applied at concentrations of 0, 2, 5, 

10, and 20 pg/g of soil to cultures of Solerotium rolfsii in previously 

sterilized sandy loam adjusted to carbon:nitrogen levels of 10:1 and 

50:1 with glucose. Growth response of the fungus was assessed by 

analyses for enzymatic activity. In the low-C soil, invertase produc¬ 

tion (activity) was inhibited significantly only by the 20 pg herbicide 

treatment; polygalacturonase (PG) was unaffected. In high-C soil, both 

invertase and PG activities were inhibited by all levels of atrazine; 

the effect was inversely related to herbicide concentration, 20 pg 

providing by far the greatest inhibition. These effects were accom¬ 

panied by corresponding changes in soil pH and nitrate-nitrogen uptake. 

INTRODUCTION 

The recorded effects of s-triazine herbicides on soil microorgan¬ 

isms have been highly variable, depending upon the specific compound and 

the physical and biotic characteristics of the soil involved (6). Gen¬ 

erally, long-lasting effects on whole microbial populations in field 

soil have been observed infrequently, but individual organisms may be 

either stimulated or inhibited. Some s-triazine herbicides are subject 

to microbial degradation (8). Previous investigations with Solerotium 
rolfsii Sacc (2,3,14,16) and other soil-borne plant pathogenic fungi 

(13,17,19) in pure-culture systems have usually revealed inhibition or 

occasionally stimulation by this group of herbicides. The significance 

of herbicide effects on soil fungi in relation to incidence of plant 

diseases has been reviewed by Katan and Eshel (7). 

Production of CC>2 by S. rolfsii, cultured in previously sterilized 

sandy loam supplemented with a high glucose-C level, was greatly in¬ 

hibited by atrazine [2-chloro-4-(ethylamino)-6-isopropyl-amino-s-triazine] 

at 12 pg/g of soil (3). This observation prompted a study with lower 

concentrations of the herbicide and precise glucose supplements in re¬ 

lation to soil enzyme activity. 

MATERIALS AND METHODS 

Technical grade atrazine for this study was supplied by Geigy Chem¬ 

ical Corporation; the isolate of S. rolfsii was obtained from Trifolium 
repens L. and maintained on potato-dextrose agar (PDA). 

A low-nutrient sandy loam was collected from a field plot which had 

been maintained under a rotation system of cotton, corn, soybeans, and a 

Research supported in part by Public Health Grant UI-00152. 
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winter legume for over 10 yr, but had received no commercial fertilizer. 

The soil contained approximately 60% sand, 25% silt, and 15% clay, and 

had a pH value of 6.2 at time of sampling. The soil was air-dried, 

screened (2 mm) and 100-g quantities were transferred to 250-ml flasks 

which were autoclaved twice, 24 hr apart, for 60 and 30 min. 

Preparation of Cultures 

Nutrient solutions were prepared to provide, when applied to soil, 

100 pg inorganic P as K2HPO4, 120 pg N as KNO3, and either 1.2 or 6.0 mg 

C as glucose/g soil, thus providing C:N ratios of 10:1 or 50:1. Solution: 

were filter sterilized, and ethanol solutions of atrazine were added to 

provide concentrations of 0, 2, 5, 10, and 20 pg/g of soil when 10 ml 

was applied to 100 g of soil. Final ethanol concentration in all treat¬ 

ments was 1% (v/w). An equivalent concentration of ethanol was added 

to all controls. 

The inoculum of S. rolfsii consisted of a chopped mycelial sus¬ 

pension prepared from 48-hr cultures on PDA; each flask received 5 ml 

of inoculum, which resulted in a final moisture content of 15% (v/w) 

corresponding, for this soil, to about 60% saturation. Each treatment 

was replicated three times. Soil cultures and uninoculated controls 

were incubated at 27 C for 20 days, and duplicate flasks per treatment 

were withdrawn for analyses after 0, 2, 4, 7, 10, and 20 days for the 

C:N 10:1 experiment and after 0, 4, 8, 12, and 20 days for the C:N 50:1 

experiment. 

Analytical Methods 

Procedures for determination of soil pH and titratable acidity 

were described previously (15), and residual NO3-N in soil was assessed 

by an adaptation of the phenyldisulphonic acid method (5). 

Enzymatic Analyses 

Invertase activity was determined at pH 5.5 (M-acetate-phosphate 

buffer), using duplicate 20-g amounts of soil and a modification of the 

method of Hofmann and Seegerer (4). Activity values were expressed in 

the units proposed for the modified method (12). 

Polygalacturonase (PG) in soil was determined as follows. Ten-g 

quantities from each soil sample were transferred to 100-ml volumetric 

flasks and treated for 15 min with 1.5 ml of toluene to inhibit microbial 

activity. One 10-g subsample from each soil sample then received 10 ml 

of 1% (w/v) aqueous sodium polypectate (Nutritional Biochemicals Corp.) 

solution and the other sub-sample received 10 ml of water only. All 

flasks then received 10 ml M-acetate buffer (pH 4.0); the contents were 

mixed, and the flasks stoppered and incubated at 37 C for 16 hr. Ten-ml 

aliquots of the supernatant from each flask were centrifuged for 30 min 

at 3000 rpm to sediment soil particles and the supernatants were tested 

(10) for reducing groups not bound in glycoside linkage. Optical density 

was determined spectrophotometrically at 660 mp. In cases of high 

activity or excessive residual glucose, dilution of the supernatant was 

required and data were converted to a 1-ml basis; activity was then ex¬ 

pressed in terms of mg of monogalacturonic acid produced per ml of super¬ 

natant over a 16-hr period of incubation with 10 g of soil. 
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Supporting Experiments 

Optimal pH for polygalacturonase activity of S. rolfsii was deter¬ 

mined with soil from 8-day-old pure cultures of the pathogen. Soil pH 

was varied with molar buffers (Table 1) in the range of 2.5 to 6.0. 

Sodium polypectate solution (1%) was used as the substrate in this 

experiment and incubation was for 16 hr at 37 C. The procedure was 

otherwise as described above for the standard method used in the main 

experiment. 

Effect of substrate concentration on PG activity was determined with 

the same S. rolfsii-infested soil buffered at pH A.5 and incubated for 

16 hr at 37 C. Aqueous solutions of sodium polypectate, ranging in 

concentration from 0 to 2%, were added to the reaction mixture. Effect 

of incubation time at 37 C was determined by analyzing for activity by 

the standard method every 2A hr during a 72-hr period. 

To determine the effect of mycelial concentration on enzymatic 

activity, mycelium blended in 20 ml of water was added to a system of 

sterile soil, M-acetate buffer (pH 4.5), and 1% sodium polypectate, as 

described above under Enzymatic Analyses, and incubated for 16 hr at 37 C. 

Mycelial dry weight per flask was varied from 0 to 80 mg. 

Two experiments were performed to determine whether atrazine + 

ethanol affects invertase and PG activities. Ten-ml quantities of the 

following substrate solutions were added separately to flasks containing 

10 g of S. rolfsii-infested, toluene-treated soil: a) 20% sucrose in 

aqueous solution with 1% ethanol, b) 20% sucrose in aqueous solution 

with 1% ethanol and 0.2% atrazine, c) 1% sodium polypectate in aqueous 

solution, and d) 1% sodium polypectate in aqueous solution with 1% ethanol 

and 0.2% atrazine. These formulations provided either no atrazine or 

20 yg atrazine/g of soil. Ten ml of water instead of substrate was added 

to the control flasks, and 10 ml of buffer (pH 5.5 for invertase and pH 

A.5 for PG) was added to each flask. Flasks were stoppered, the contents 

mixed, and incubated for 2A hr at 37 C. 

Statistical Analyses 

Results were analyzed according to procedures for simple factorial 

analysis, and means compared for significance by the multiple range 

method as described by Snedecor (18). Where applicable, linear corre¬ 

lation coefficients and regression equations were calculated following 

standard procedures. Unless otherwise stated, all differences were 

significant at the 5% or higher level of probability. 

RESULTS 

Supporting Experiments 

With the buffer solutions used, optimal pH for polygalacturonase 

activity was in the range of 3.5-A.5 (Fig. 1). This is in agreement 

with the findings of Bateman and Beer (1) for PG from bean cotyledons 

infected with S. rolfsii and from liquid-culture filtrates. 
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The curve (Fig. 2), relating velocity of the PG reaction (Y) to 

substrate concentration (X) up to 2%, approached the linear equation 

Y = 5.143X + 1.106, (r = 0.98**). Deviations from the mean were large 

for replicate observations above concentrations of 1.2%, probably be¬ 

cause the high viscosity of such reaction mixtures resulted in poor 

contact between enzyme(s) and substrate. Over the range studied, the 

relationship of mycelial dry weight to enzyme activity (Fig. 3) was 

linear and approached the line described by the equation Y = 1.70X + 

7.80, (r = 0.99), indicating conformance with the general equation 

relating enzyme concentration to reaction velocity v = k[E]. A direct 

relationship between mycelium amount and enzyme activity is required 

when using enzymatic techniques to represent growth of organisms in 

soil culture (11). The rate of substrate hydrolysis (reaction velocity) 

was found to be maximal over the period of 1-24 hr (Fig. 4); little 

increase in activity was noted after 48 hr. An incubation period of 

16 hr was selected as standard time for subsequent experiments. 

There were no statistically significant nor apparent differences 

between the amount of substrate hydrolyzed in herbicide-free soil con¬ 

trols and soil treated with 20 pg atrazine. This indicates that atrazine 

did not directly alter the activity of either enzyme already present in 

the soil. 

Effect of Atrazine on Invertase Activity 

In the lower-carbon (10:1) experiment, invertase activity increased 

in all treatments throughout the 20-day period (Table 2), maximal rate 

of growth occurring in the first 7 days. Slight retardation of fungal 

growth was suggested at the three highest concentrations of herbicide at 

the 4th-day sampling, but differences were not significant until the 10th 

day, and then only for the 10- and 20-pg concentrations. At the last 

sampling, a significant difference was seen between the mean invertase 

activity for the 20-pg herbicide concentration and other means. 

In the high-carbon (50:1) experiment, invertase activity increased 

with time in all atrazine treatments (Fig. 5). An atrazine concentration 

of 20 pg greatly restricted development of the fungus during the first 

12 days, but a rapid increase in invertase activity in the presence of 

this concentration of herbicide occurred between 12 and 20 days of incu¬ 

bation. All concentrations of atrazine restricted invertase production 

over the period between 4 and 12 days, the amount of enzyme activity 

being inversely related to herbicide concentration: 0>2>5>10> 

20 pg atrazine. However, the difference between the 2- and 5-pg treat¬ 

ments was not significant at the 12th-day sampling. By the 20th-day 

sampling, differences between treatments and control had diminished to 

insignificant levels. This effect of atrazine concentration on invertase 

activity for different sampling periods is clearly shown in Figure 6. 

Polygalacturonase Activity 

In the low-carbon experiment, PG activity in the soil cultures in¬ 

creased with time for the control and all atrazine treatments up to day 

7 or 10, then declined thereafter, but none of the atrazine concentrations 

significantly inhibited PG production (data not shown). 
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TABLE 1. Molar buffer systems used in determination of optimal pH for 

polygalacturonase activity (salts in Na form). 

pH Ionic composition 

2.5 Citrate 

3.0 Citrate 

3.5 Citrate 

4.0 Acetate 

4.5 Acetate 

5.0 Acetate 

5.5 Acetate-Phosphate 

6.0 Phosphate 

TABLE 2. Influence of atrazine on invertase production by S. rolfsii 
in soil cultures with a C:N value of 10:1. 

Enzyme units 

Atrazine 

in soil 

(pg/g) 

2 days 4 days 7 days 10 days 20 days 

0 0.903 1.93a 3.36a 4.60a 5.41a 

2 0.83a 1.93a 3.50a 3.91a 5.48a 

5 0.873 1.82a 3.25a 3.22a 5.34a 

10 0.86a 1.86a 3.08a 3.79b 5.13a 

20 0.95a 1.86a 3.01a 3.11C 4.71b 

Figures within 

significant at 

a column followed by the same 

the 5% level of probability. 

letter are not statistically 
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FIGURES 1-4. Relationships of factors in the assay of polygalacturonase 

activity in soil cultures of Salerotium rolfsii. 1) Optimal pH for PG 

activity. 2) Relation of substrate concentration to PG reaction. 3) Re¬ 

lation of mycelial dry weight. 4) Relation of incubation time. 
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Production of PG in soil with carbon 50:1 was greatly inhibited 

by the highest atrazine concentration (Fig. 7); little activity was 

recorded during the first 12 days, after which a sharp increase occur¬ 

red. Enzyme activity in soil with lower herbicide levels increased 

up to 12 days; that in the 2- and 5-pg treatments continued to increase 

through 20 days. However, at the 12th-day sampling, all atrazine levels 

significantly inhibited the rate of PG production. 

Soil pH and Nitrate-Nitrogen 

In all treatments of the low-carbon experiment, soil pH values 

declined from 5.45-5.61 to 4.25-4.60 in 7 days, then increased slightly. 

No significant differences between herbicide treatments were observed 

for any sampling dates (data not shown). 

Contrastingly, the pH of high-carbon soil (Fig. 8) decreased 

rapidly in 12 days for all treatments below 20-pg herbicide; in the 

latter little change occurred until after 12 days, when the pH declined 

sharply from 6.12 to 3.73. Generally, the relative order of ascending 

pH values for the control and atrazine treatments was: 0<2<5<10< 

20 pg. Differences in pH with atrazine treatments below 20 pg became 

smaller with time, and were statistically insignificant at day 20, 

Utilization of NO3-N was very rapid in the 10:1 experiment, and 

all of it had been removed by the lOth-day sampling in all treatments 

(data not shown); no significant differences between treatments were 

observed. In soil with C:N = 50:1, the amounts of residual NO3-N at 

sampling intervals are shown in Figure 9. With atrazine treatments of 

less than 20 pg/g, maximal NO3-N uptake occurred during the first 12 

days; for the 20-pg treatment, maximal uptake occurred after 12 days. 

The rate of removal of N was generally inversely proportional to herbi¬ 

cide concentrations, but differences between the 0- and 2-pg treatments 

were never significant. At the last sampling (20 days) large differ¬ 

ences were still evident between the two highest atrazine treatments, 

and between either of these and the lower concentrations. 

DISCUSSION 

Interpretation of data from these experiments is based on the pre¬ 

viously shown direct relationship between invertase activity and amount 

of mycelium in soil (11), and a similar relationship demonstrated here 

for polygalacturonase. Since atrazine did not interfere with determi¬ 

nation of enzymatic activity, such activity may be used to describe 

mycelial production in the flasks. The results indicate that the in¬ 

hibition by atrazine of S. rolfsii growth was influenced by both the 

soil C:N ratio and the amount of herbicide present. In the high-C 

experiment, the effect of herbicide treatments on invertase production 

changed with time. In cultures without herbicide, maximal production 

had occurred about the 8th day, then declined, since most nutrients 

had been removed. This decline was not apparent in the herbicide treat¬ 

ments up to 20 days, and differences between treatments and control had 

diminished by that time (Fig. 5). When invertase values for each 

treatment are plotted against atrazine concentrations [at] a shift from 

a pattern that can be described by the equation, invertase activity = -m 

[at] + b, to an almost horizontal line is observed from the 8th to the 
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FIGURES 5-8. Effect of atrazine and a 50:1 C:N ratio on enzymatic 

activities and pH in soil cultures of Sclerotium rolfsii. 5) Invertase 

activity. 6) Invertase activity determined after different incubation 

periods. 7) Polygalacturonase activity. 8) Changes in soil pH during 

20 days of incubation. 
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Days 

FIGURE 9. Uptake of NO3-N by Sclerotium rolfsii in atrazine-treated soil 

with a C:N of 50:1. 

20th day. This results from the diminishing differences in activity be¬ 

tween treatments. Results from the low-C experiment showed that the 

maximal invertase activity in each treatment was only about one-half that 

of the high-C experiment. Also, the distinct growth-curve differences 

observed in the high-C experiment were not found in the 10:1 experiment, 

though a slight inhibition in invertase activity was noted. 

Results are more dramatic if one considers only the highest con¬ 

centration of atrazine used (20 pg) . Whereas enzyme activity measurements 
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indicated no growth of the fungus at the first three samplings of the 

50:1 experiment, growth was virtually uninhibited over that period in 

the 10:1 experiment. Although this retarding effect of atrazine appears 

to be of short duration, it would seem probable that the competitive 

saprophytic capacity of the pathogen in high organic soil may be hin¬ 

dered initially where atrazine is applied. Absence of a herbicide 

effect in low C:N soil might provide a competitive advantage for the 

pathogen among saprophytic organisms that are more susceptible under 

these conditions. This is, of course, speculation without knowing what 

the influence of other organisms would be on the system in a mixed 

population. 

In the high-C experiment, maximal invertase and PG values for the 

herbicide-free control were attained by the 12th day, but activity con¬ 

tinued to rise in the 2- and 5-pg treatments as indicated by the 20th-day 

sampling. Results for the two enzyme activities differ in that PG activ¬ 

ity declined sharply in the control and the 10-yg treatment after 12 
days; thus, a clear autolytic phase was suggested which was not evident 

for invertase. 

The amount of PG activity in the low-C experiment showed a pro¬ 

portion similar to that for invertase (1/2 to 2/3 less than in the high 

C:N). This further indicated the close relationship between the two 

variables. However, only by measuring invertase activity was growth 

inhibition detected for the 20-ug herbicide treatment in the low-C soil. 

The fact that a similar result was not obtained with PG activity i3 
attributed to the greater variability between replications in the method 

used to assay for PG. 

Observed changes in soil pH reflect the production of oxalic acid 

by S. rolfsii, and this is directly related to growth of the fungus 

(9,12). Thus, a somewhat inverse relationship appears between pH data 

and the results for enzymatic activities; inhibition of growth (enzy¬ 

matic activities) in presence of atrazine in the high-C experiment is 

also reflected in lower pH changes. Soil pH in the low-C experiment 

was in contrast to that for the high-C soil in that much lower values 

were attained in control soil of the 50:1 experiment and no rise in 

soil pH was observed in the last 8 days of the experiment. If one con¬ 

siders that C is a limiting factor in the 10:1 experiment, it seems 

probable that the fungus utilized the oxalic acid produced earlier (12). 

Removal of NO3-N is a growth-related activity of the fungus and 

can be compared directly with the increase in invertase activity of soil 

in these experiments, or inversely with changes in soil pH. Restricted 

NO3-N uptake in the high-C experiment thus occurred as growth of the 

fungus was inhibited by increasing levels of the herbicide. 

The foregoing study has revealed primarily two major points: a) Soil 

enzyme activity may serve as a reliable indicator of fungal growth re¬ 

sponse to herbicide treatments, and b) relatively high concentrations of 

atrazine are required to significantly inhibit the soil-borne plant 

pathogen, S. rolfsii, this effect being related to amount of carbon source 

available. 
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SOME INTERPRETATIONS 

OF ST. AUGUSTINE'S POLITICAL THOUGHT 
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Augustine, viewed as one of the greatest theologians who ever lived, 

did not intend to be remembered as a philosopher, political thinker, or 

historian. Yet, because of his vast influence on theologians, his 

thought on political theory is significant. It is therefore appropriate 

to examine some of the recent interpretations of his political thought. 

Much of Augustine's political theory is found in the City of God, 

which was written to answer the pagan charge that the adoption of 

Christianity had caused Rome's decline.1 He set out to explain the 

fall of the empire which had been thought of as eternal. The Visigoths 

had defeated a great Roman army at Adrianople in 378 A.D., and soon 

afterwards these Germans had begun an era of almost twenty years of 

plundering in the Roman Empire. The most horrifying of all was the 

sack of Rome itself in 410 A.D. Even proud Rome with its eight cen¬ 

turies of spendor and glory had fallen prey to the barbarians.2 

The pagans felt that Theodosius I's making Christianity the estab¬ 

lished religion had angered the great gods such as Jupiter, Neptune, 

and Mars. The cult of Mithras, as well as others, felt that their god 

would have stopped the barbarians. Even many Christians were troubled 

that God would allow this Christian empire to fall, and their major con¬ 

cern was for the fate of the Christian Church, now that its protector, 

the Roman Empire, was falling.3 Augustine attempted to answer these 

charges and questions in his City of God. 

THE CITY OF GOD AND THE EARTHLY CITY 

Augustine described mankind as being comprised of two cities and 

two types of people: one group are those who live according to the 

flesh, while the other embodies those who live according to the spirit.4 

The love of God almost to the point of self-contempt is characteristic of 

the city of God, whereas the love of self to the point of contempt for 

God describes the earthly city. Therefore, the whole human race is 

divided into two parts; one segment loving men, the other loving God. 

One will live eternally with God, while the other will suffer eternally 

with the devil.5 

The word oivitas has different meanings for Augustine, but it gen¬ 

erally means a society of people. The city of God actually refers to 

the Christian society, both living and dead, while the earthly city more 

often means those who ignore God. Because Rome had not given proper 

attention to God, Augustine regarded it as part of the earthly city. 

The earthly city seeks to serve the world; the city of God strives to 

serve Christ. One is characterized by obedience and humility, while the 

other is noted for pride and lust.6 
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According to Augustine's theory, Cain, being the firstborn of man¬ 

kind's parents, belongs to the city of man. Abel, born later, belongs 

to the city of God.7 Cain, a fratricide, was the founder of the earthly 

city. Similarly, Rome was founded by Romulus who killed his brother, 

Remus.8 The descendants of Abel represent the good element, while those 

of Cain comprise the evil category. Cain's offspring have thus caused 

the rise and fall of all earthly empires.9 

Cicero's idea was that men are members of the state by nature, and 

therefore all men are members. Similarly, Augustine held that God had 

originally intended for all men to be members of the city of God; but 

since man's fall into sin, only those who obtain God's grace can enter. 

Because grace is not given to all men, some will not be members. Mem¬ 

bership, however, is not confined to any nation, class, or race of 

people. All members of the city of God love and worship God. The very 

act of this worship makes people members of the same city. Members of 

this kingdom enjoy relationships with God and with each other in God. 

He who loves God necessarily finds himself related closely to all others 

because it includes the elect who have gone on to meet God. The Church 

is, however, the avenue through which nearly all of the members have 

passed on their way to the eternal city.10 

Augustine's philosophy of history was that God is in control and 

simply unfolding his divine plan in human history.11 He saw in man's 

history the continuous conflict between the city of God and the city of 

man, a struggle which would continue until judgment day. Ultimately, 

the city of God would triumph. These two cities corresponded in some 

aspects to the Church and the state. However, while the Church was the 

community of believers, not all in the Church were necessarily included 

in the city of God; neither were all of those outside the Church neces¬ 

sarily excluded. Only the final judgment would reveal with certainty 

who belonged to the city of God.12 

JUSTICE 

There is some controversy regarding Augustine's view of justice, and 

to what degree his ideas differ from Cicero's position. Cicero defined 

a state as a body of people associated together by a common recognition 

of right and common interests. He stated that what is done by right is 

done justly, and what is not done by right is unjust. He even claimed 

justice was a necessity for a republic to be administered, and said 

there could be no state without justice. Augustine maintained that God's 

just due is man's worship of Him. Therefore, if justice involves giving 

to everyone his just due, there can be no true justice where God is not 

worshipped.13 He further charged that a kingdom without justice is no 

more than a robber band.14 Professor C. H. Mcllwain mistakenly believed 

that Augustine accepted Cicero's view requiring justice for there to be 

a true state.15 John N. Figgis, on the other hand, was one who cor¬ 

rectly interpreted Augustine as rejecting Cicero's position. Augustine 

held that if one assumes justice to be an absolute prerequisite for a 

state to exist, neither Rome nor any pagan state was ever a true common¬ 

wealth, because true justice can only exist where the true God is wor¬ 

shipped .16 
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The Carlyles largely agreed with Figgis' interpretation on this 
point. They saw Augustine differing from Cicero by omitting the re¬ 
quirement of justice being present in a state to give it reality. They 
did, however, emphasize Augustine's belief that justice could exist 
only in a state which worshipped the one true God. In essence, they 
stated that Augustine defined a state as a multitude of rational people 
who are harmoniously associated together for the things they love. This 
definition, according to them, did not necessarily require justice.17 

Since Christ's coming, however, Augustine maintained that no state can 
have true justice unless it is a Christian state.18 A state is made 
complete and becomes a true commonwealth only when God reigns over the 
minds of the people.18 To make true justice a requirement for a state 
to exist, however, would be asserting that no true state or common¬ 
wealth has ever existed or can ever exist in the future.20 Augustine did 
not take such an obviously false position. 

Deane interprets Augustine as believing that even in so-called 
Christian states the overwhelming majority are not of the city of God. 
Therefore, true justice does not exist even there.21 Augustine did not 
mean that states without true justice were mere robber bands. He really 
meant that a kingdom without earthly or temporal justice, which is only 
a small part of true justice, is nothing more than a robber band. Augus¬ 
tine also held that failure of the Roman Republic to worship God pre¬ 
vented it from being a just state. 

According to Augustine, justice involves conforming to order, and 
every society has a certain amount of order in it. Even the family has 
order and duties which are necessary for proper functioning. The family 
is a part of the larger state order and is subordinate to the state. A 
person who assumes his family duties is just in regard to the family. 
The family would be unjust, however, should it revolt against the order 
of the state. Although just within itself, such a revolt would make it 
unjust in relation to the larger state order. The society of men under 
God's kingship is the universal order and is more comprehensive than the 
state order. In this largest of all societies, the will of God prescribes 
the universal order. Therefore, a state would be unjust to violate this 
order. While a state might possibly be just in itself, its being unjust 
to the universal order of God would in fact make that state unjust. 
Therefore, no absolute justice can be found in a state itself. It is 
just to the degree that it worships and follows God and thereby does Him 
justice.22 

Augustine held that justice requires giving to everyone his due. 
If this be so, he wrote, it can never be justice that takes man away 
from the true God. This would not be giving man his due. As it is 
unjust to take away another's possessions and give them to someone else, 
it is also unjust for one to take himself away from God and give himself 
over to the devil.23 When man's soul serves God, it exercises the proper 
control over his body, thereby rendering him just. This is also true of 
a state.24 Furthermore, society is not so different from man that it 
can ignore God. Therefore, God should rule man in both spiritual and 
state affairs.25 The character of a state is determined by the character 
of its individual citizens. If individuals do not have justice, there 
is likewise no justice in the state.26 
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PEACE 

The purpose of civil society is to attain peace. Temporal society 

aims at a lasting peace on earth, which is good as long as it does not 

hinder the eventual attainment of an everlasting heavenly peace. How¬ 

ever, earthly peace cannot really be attained unless the state recognizes 

that there is a higher peace in the heavenly city, which involves a 

harmonious relationship between man and God and between one another in 

God.27 

Peace is achieved between man and God by man's faithfulness to 

God's eternal law. Domestic peace characterizes the family when harmony 

exists between those who rule and the ruled. Likewise, there is peace 

in civil society when there is harmony between the rulers and the ruled. 

The difference between the two cities in regard to peace is that the 

earthly city is concerned only with temporal peace, while the city of 

God aims at eternal peace with God. However, temporal peace is mutually 

beneficial for both the followers of God and those who are captives to 

their lusts.28 

Irrational animals desire only to satisfy appetites by seeking 

pleasure and comfort. However, because man is rational he will often 

subordinate his appetites to the peace of his rational soul. He will 

regulate his actions so he can enjoy harmony of knowledge and action, 

qualities which constitute the rational soul. To have peace of soul, 

man must have God to guide him; otherwise, fallible man will fall into 

errors even while pursuing knowledge.29 

God teaches man to love Him and his neighbor; therefore, man should 

urge his neighbor also to love God. He should urge his household and 

all around him to love God, realizing that he would need help if he 

were without God. If God's love were thus shared, peace and harmony 

could be had in this world.30 

Peace in the earthly city is an excellent goal, but it is not the 

highest good.31 Augustine maintained that the supreme, unchanging, and 

eternal good is to be found in God. All good things have their being 

because of God, for He is the author of all good.32 The earthly city 

is divided because of wars, lust for power, and desire for conquest. 

Any part of the earthly city which desires conquest is manifesting it¬ 

self as a slave to vice. Such desires represent the seeking of peace 

through conquest of other powers. If man's seeking earthly peace in 

this manner, or in any other way, causes the neglect of the quest for 

heavenly peace, he will have ignored the greatest good, which is eternal 

peace. Temporal peace is indeed good for members of the city of God, 

because it frees them from turmoil and disturbances while performing 

their religious duties. The difference between the two cities in regard 

to peace is in their attitudes. One people is interested in an earthly 

peace as an end in itself, while the citizens of the eternal city are 

concerned about peace on earth mainly as an avenue toward heavenly 

peace.33 True peace and justice cannot exist outside the Church.34 
Those who seek only earthly peace will not succeed in finding it, but 

those who seek the heavenly city will find eternal peace with God. Man 

is on earth as a pilgrim only for a season, and then he passes away. In 

the final analysis, peace endures only in the city of God.35 
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SLAVERY 

Augustine believed in a law of nature, of which God was the author.36 
He held that man, as first created, was by nature neither a slave to man 

nor to sin. In his statement he implied that God created all men free 

and equal.37 In his City of God, Augustine asserted that God had origi¬ 

nally intended for man to rule only over irrational animals, not over 

man. Slavery resulted from man's sin, rather than from his nature. 

The first time slavery is mentioned in the Scriptures is when Noah 

ordered it as a curse upon his offensive son.38 God's reason for making 

slavery a divinely ordained institution was to punish man for his sin, 

and partially to remedy sin.38 Sin causes all wars; and if the most 

wicked emerge victors, it is because God must humble the conquered people 

by punishing them for their sins. Therefore, the servitude which results 

from captivity is also God's punishment for a sinful people.40 One can 

be a slave either to man, sin, or to both. The Scriptures tell us that 

whoever commits sin is the servant of sin. Slavery to man, however, is 

much better than slavery to lust. The lust after power and domination 

represent the worst sort of slavery over men's hearts.41 

St. Augustine urged slaves to obey their masters because this is 

what the Scriptures teach.42 One should serve his master with good 

will, cheerfulness, and faithful love, thereby making his servitude a 

freedom in itself.43 People should thus accept their status, even if it 

is slavery, and refrain from any attempts toward revolution. Augustine 

does not condemn slavery; he believes it is divinely approved by God as 

a punishment for man's fall into sin. However, any slave is as likely to 

be among God's elect as his master, because an individual's slavery is 

not necessarily caused by his personal sin. This explanation would have 

more basis if the whole of humanity were placed in bondage, but it fails 

to explain why some are in slavery while others are their masters.44 

Those who are true fathers of their household have the Christian 

obligation to urge all members of their families, as well as their 

servants, to become Christians so they can pass to that heavenly home 

where the duty of man to rule over man will no longer be necessary. 

Rulers should thus feel the weight of their responsibility even more 

than servants should feel the obligation to serve their masters well.45 

The importance of Augustine's position on slavery was that it 

largely swept away the ancient view that some are slaves by nature. 

As a result, it can be said that he helped to pave the way for a firm 

rejection of this justification for slavery.48 

SECULAR POWER 

In the beginning, men were shepherds only over their flocks and had 

no rulers over them.47 However, man passed out of his innocent state 

and his golden age when he began to seek things of the world as his 

private possessions. The wise became corrupted by their ambition and 

turned to tyranny. As a result, man had to make laws to control society. 

Therefore, government is a conventional institution made necessary be¬ 

cause of the defects in human nature which resulted in a departure from 
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God. God has thus put man over man in order to force him to accept a 

certain amount of righteousness and fairness. The state became neces¬ 

sary because of sin, and is a divinely appointed institution for 

remedying sin. God uses man's lust for power to create some order in 

society, thereby restraining some of the serious vices of men. The 

original state of nature required no government, law, or private prop¬ 

erty, but man's fall into sin gave rise to these institutions.48 

The purpose of secular power is primarily to attain justice and 

maintain order.49 In addition, Augustine believed the civil ruler should 

do whatever was in the Church's best interests.50 His hope was that 

rulers would follow Christ's precepts in their rule.51 He felt that 

it was sinful for rulers to rule only for self-glory.52 Augustine fav¬ 

ored state suppression of pagan rites, and hoped that the state would 

be an instrument to promote Christianity and an atmosphere in which 

Christianity could grow. Because the church was superior to the state 

in value and dignity, the Church had a right to expect the state to sup¬ 

press paganism. It is not surprising, therefore, that writers such as 

Norman H. Baynes have pointed out Augustine's share in the blame for the 

Papal Inquisition which later developed.53 

Augustine stated in his City of God that Christian rulers are made 

happy by a just rule rather than a long rule. Rulers who are not puffed 

up because of lavish praise, and who rule to please God, gain happiness. 

Such rulers will be slow to punish, quick to pardon, and will prefer to 

check depraved passions rather than merely to govern a nation. The just 

ruler will also pray, acknowledge God, and in the end receive Gods' 

eternal reward.54 

The position of Augustine was that the state certainly must not be 

indifferent to man's spiritual destiny, and church and state should be 

closely related. God is the source of a ruler's authority and hence 

the reason subjects are obliged to obey their legitimate rulers. In a 

sense the king represents God and should not separate his temporal duties 

from his spiritual duties. The king cannot say that religion is merely 

a personal matter, because the common good and the service of God are 

directly interrelated. In essence, Augustine maintained that when God's 

rights to the rule of man's soul, reason, and actions are ignored, there 

can be little concern for the common good.55 

There is a limit to secular authority, according to Augustine. The 

heavenly city here on earth respects the temporal laws as far as con¬ 

science allows, and even makes use of them in the quest for eternal peace 

with God. However, because of concern for his soul's highest good, the 

Christian will passively disobey secular authority if it passes laws 

against religion, of if it does injury to his Christian conscience.56 
Augustine thus contributed something here to the theory of civil dis¬ 

obedience. 

The secular state and the universe are governed by God's natural 

law, which man can know by his reason. All men are bound by it and 

promised an eternal reward or punishment for obeying or disobeying it. 

St. Augustine implies that every just human law should arise from the 

natural law, which is really God's will or wisdom.57 A secular law 

which is not in accordance with God's law is not a just law.58 In 
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man's innocent golden age when God's natural law was written on men's 

hearts, written law was not necessary. However, man's fall into sin 

and tendency toward evil and vice obscured this law. Therefore, a 

written law became necessary in the secular state to guide man toward 

recapturing the obscured natural law. Thus, the natural law needs 

written law to manifest itself properly.59 

Augustine held that private property was not bad in itself, if used 

properly. Only when one began to love property and to put his faith in 

worldly goods was this institution harmful. It is sinful to rank private 

property with such noble things as justice, truth, wisdom, good conscience, 

faith, and love of God and our neighbors.60 Augustine was one of those 

Christians who believed that God had given material things to man for 

his use in satisfying his necessities.61 

Augustine was not a pacifist, because he held that some wars might 

be just. Generally, however, wars between states are unjust because 

they are caused by a lust for power.62 Whether by war or otherwise, all 

secular powers shall pass away, and only the kingdom of God shall stand 

forever.69 

EXAMPLES OF LATER INFLUENCE 

Augustine's City of God has been used by political theorists from 

the Middle Ages until today.69 His view that the spiritual takes prece¬ 

dence over the temporal influenced later thinkers in their theories con¬ 

cerning spiritual supremacy over the state. Gregory the Great and Inno¬ 

cent III were two popes who achieved some success in promoting church 

supremacy over temporal matters. It is believed that they drew from 

Augustine's thought.65 The popes' interpretation was that the Catholic 

Church was the city of God, and they criticized the earthly city from 

this vantage point. Augustine's implication that war against heretics 

was at times justified contributed to the philosophy behind the Crusades 

and the Inquisition, according to Cook.66 Figgis concurred with this 

opinion.67 Hearnshaw went so far as to state that Augustine can be 

considered a ". . . spiritual father of the Inquisition."68 

Augustine's defense of religious coercion was based partially on 

the scripture taken from Luke 14:23, "Compel them to come in." Markus 

asserts that Augustine thus earned "the reputation of being the first 

theorist of the Inquisition." It should be noted, however, that in 

Augustine's lifetime there were other Catholic bishops who recommended 

the use of force to repress other religions and the Donatists. (The 

Donatists had understandably insisted upon religious freedom.) There¬ 

fore, Augustine is merely reflective of his age in this matter, although 

he is much more significant than the others because of his great fame 

and influence as a theologian. Religious coercion for Augustine was 

like medicine for an unwilling patient, because it was administered out 

of love for people's own good. It is understandable, therefore, that 

historians and political theorists attribute some blame to Augustine for 

the Inquisition and other agencies of enforced conformity in matters of 

faith.69 

Reinhold Niebuhr wrote in 1953 that Marsilius of Padua, in his 

Defensor Pads (1324), drew from Augustine some of his ideas concerning 

a sharp distinction between the political and the ecclesiastical.70 
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Einhard, son-in-law and biographer of Charlemagne, stated that Charle¬ 

magne liked to read St. Augustine's City of God.7i 

By the thirteenth century the Church owned vast amounts of property. 

Since St. Augustine had suggested that only the righteous were worthy of 

distributing the common wealth, the Church justified its wealth by 

asserting that there were no better trustees of wealth than God's 

churchmen.72 

In the Investiture Controversy between Henry IV, Holy Roman Emperor, 

and Pope Gregory VII in the eleventh century, both sides cited Augustine 

in supporting their arguments. On many topics, Augustine was quoted in 

the Middle Ages. Dante, in his De Monorchia, quoted once from St. Augus¬ 

tine, and Figgis believed that Dante drew from Augustine in formulating 

his idea that God gave the empire of the world to the Romans for all time 

to reward them for their virtue.73 

Reinhold Niebuhr drew much from St. Augustine's political and reli¬ 

gious thought. He wrote that Augustine's City of God is quite realistic 

because it pictures the factions, tensions, rivalries, and struggles 

which characterize this world.74 Another contemporary writer, Edgar H. 

Brookes, states that our trouble in the world today is caused by sepa¬ 

rating man from God. He agrees with Augustine that man needs to be 

studied as a whole man instead of departmentalizing him into the temporal 

and the spiritual. Our society, he writes, as in Augustine's day, suffers 

from an exclusion of God.75 

These few examples are illustrative of the fact that Augustine's 

influence has continued to live on in political as well as religious 

writings from the Middle Ages to our own time. 
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REDISCOVERY OF ZAPUS HUDSONIUS (ZIMMERMAN) IN ALABAMA 

A. Floyd Scott and Tom French 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

Prior to the spring of 1973, only three specimens of the meadow 

jumping mouse (Zapus hudsonius) had been collected in Alabama. The first 

of these, an immature female, was taken in Lee County in June of 1953 

and reported by Sullivan [Jour. Mamm., 35(4):592,1954] as the first record 

of the species from the state. In November, 1953 and January, 1954, two 

more individuals, both adult males, were captured at the same locality 

as the first by E. Sullivan and E. Majors, respectively. Body measure¬ 

ments recorded for these two specimens were as follows: (AUVM 4-26) 

Wt. 23.0 g, TL 195 mm, T 114 mm, HF 28 mm, E 10 mm; (AUVM 4-25) Wt. 22.6 g, 

TL 175 mm, T 106 mm, HF 29 mm, E 10 mm. Until the present, despite 

fairly continuous trapping for small mammals at the original site and at 

other sites just south of this area by Auburn University mammalogy stu¬ 

dents, no additional specimens were obtained. 

In April and June of 1973, three more specimens were collected. The 

first of these, a juvenile male (AUVM 4-863, Wt. 14.4 g, TL 182 mm, T 

119 mm, HF 25 mm, E 10 mm), was found drowned on April 23 in a pitfall 

trap along a drift fence designed to monitor terrestrial movements of 

turtle populations around a four acre farm pond on the Auburn University 

Dairy Research Unit. This locality is approximately 4.5 miles NNW 

of Auburn in Lee County, and about 1.5 miles W of the area mentioned by 

Sullivan (op. cit.). The collection site was located in a narrow strip 

of marshy ground situated adjacent to an alder (Alnus serrulata) thickest 

which bordered a portion of the shallow end of the pond. A thick stand 

of marsh plants dominated by Juncus sp. and Carex sp. made up the vege¬ 

tation of the open area. Other species of small mammals commonly taken 

around the pond, during 14 months of continuous trapping with 63 pairs of 

pitfall traps spaced 10 meters apart, included Blarina brevicauda, 
Cryptotis parva and Reithrodontomys humulis. Less frequently encountered 

species were Mus nrusculus, Oryzomys palustris, Microtus pinetorum, Sigmo- 
don hispidus and Sorex longirostris. The second and third specimens were 

taken on June 1 and June 11 in snaptraps set in a flood plain hay field 

2.5 miles N of Gold Hill in Chambers County, along Alabama Highway 147. 

The June 1 specimen (AUVM 4-864) was an adult male with the following 

measurements: Wt. 20.0 g, TL 225 mm, T 140 mm, HF 29 mm, E 13 mm. The 

June 11 specimen (AUVM 4-865) was a female containing five embryos each 

about 2 mm in length. Measurements were as follows: Wt. 16.7 g, 

TL 207 mm, T 125 mm, HF 28 mm, E 12 mm. Associated species collected 

along with these two specimens during 645 total trap nights covering a 

period of seven days were Blarina brevicauda, Oryzomys palustris and 

Sigmodon hispidus. 

Three specimens were also captured on the nights of March 20 

and April 1, 1974. These three specimens were drowned in pitfall traps 

set along drift fences designed to capture Sorex longirostris. This area 

is .5 miles S of the previously mentioned hay field near Gold Hill and 

is situated at the head of a small beaver swamp on low poorly drained 

soil. The vegetation is heavy, dominated by Rubus sp. and Lonicera 
japonica with an overstory of Quercus nigra. The March 20 specimen was 
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a female with the following body measurements: Wt. 14.3 g, XL 193 mm, 

T 116 mm, HF 25 mm, E 13 mm. The April 1 specimens were both females 

with the following body measurements: Wt. 14.1 g, TL 192 mm, T 117 mm, 

HF 27 mm, E 11 mm; Wt. 13.6 g, TL 194 mm, T 118 mm, HF 28 mm, E 11 mm. 

The most abundant small mammal species in this area were Sor-ex longivos- 
trisy Blavina brevicauda, Peromysaua gossypinus and Ochrotomys nuttalli. 

It is the authors' opinion that the interval of 20 years between 

collections is a result of low population density for the species in the 

region, a population characteristic to be expected at the periphery of 

its range, and a lack of concentrated trapping in areas just to the 

north of Auburn in the Piedmont. 

All of the specimens mentioned above are deposited in the Auburn 

Vertebrate Museum Collection. Thanks are extended to Dr. Julian Dusi 

of the Department of Zoology-Entomology, Auburn University, for verify¬ 

ing the identification of specimens. Appreciation is also due Dr. W. M. 

Warren and Mr. Joe A. Little of the Department of Animal and Dairy 

Sciences for their permission to use the Dairy Research Unit as a 

study area. 
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"OLD FASHIONED" METHODS OF TEACHING 

IN TERMS OF BLOOM'S TAXONOMIES 

Jacqulyn M. Diener 

Department of Laboratory Experiences 

School of Education 

Auburn University, Auburn, Alabama 

INTRODUCTION 

The transfer of knowledge in solving problems can best be attained 

by the teaching and learning of structure, that is, how things are re¬ 

lated, rather than by the memorization of facts.1 This does not depre¬ 

ciate the importance of learning facts, instead it emphasizes their 

comprehension. Therefore, in the social studies, it appears practicable 

to group things into concepts that are structured. 

As the core of the social studies curriculum, history should be 

used to convey meaning for teaching other subject areas in the social 

studies.2 History is all that has happened in the past; it is the 

record of the past that interprets for the present and provides alter¬ 

native solutions for problems in developing human societies.3,4 

Writers recognize the interrelatedness between history and all the 

social studies subject areas. They generally agree that anthropology, 

economics, geography, history, political science, psychology, and socio¬ 

logy make up the discipline of social studies.5 Writers realize the 

human impossibility of learning all the facts of social studies and agree 

that social studies should be taught throughout the school sequence and 

in-depth; but they do not agree on whether social studies should be 

taught in-depth by teaching generalizations, concepts, or inquiry.6-12 

The disagreement appears to be a matter of semantics. Fenton, the fore¬ 

most proponent of the inquiry methods, says, "I could easily turn Hann's 

generalizations or Price's concepts into Fenton's questions."13 

The present study (1) centered on the subject area, history, within 

the public school curricula; (2) identified the major concepts funda¬ 

mental to the understanding of history; (3) defined one major concept, 

interpretation, that is fundamental to the understanding of history; 

(4) proposed six understandings necessary for developing the concept, 

interpretation, with learners; (5) defined one understanding, related 

to inquiry, for developing the concept, interpretation; and (6) pro¬ 

posed one learning exercise related to inquiry by students of age 13 

through 16 for each of the objectives set forth in the cognitive and 

affective domains of the Taxonomies. 

The objectives of this study were (1) to determine to what extent 

a structured ("old-fashioned") approach in teaching history can be used 

for planning content and still meet the requirements regarding the nature 

of society, the nature of the learner, and the nature of knowledge; and 

(2) to synthesize information for use by social studies teachers in 

public schools. 
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Definitions of Terms 

Concept. A concept was interpreted as an idea, especially a gen¬ 

eralized idea of a class of objects, as "his concept of a republic," 

which implies that fundamental understandings must be learned before 

a concept can be learned. 

Inquiry. Inquiry was interpreted as an act of inquiring by ques¬ 

tion, investigation, or examination. This term will be used synonymously 

with "discovery," which implies finding out or exploration of something 

already existing or known to others. "Inquiry" will also be used synony¬ 

mously with "problem-solving," "reflective-thinking," and "critical 

thinking." 

Interpretation. Following inquiry, interpretation refers to showing 

by words or action one's own understanding of meaning. 

Understanding. This term was used to stress comprehension, know¬ 

ledge, and interpretation. 

TEACHING HISTORY 

The Colorado Advisory Committee's list of concepts and understand¬ 

ings for history were used as a search guide for this study.14 Current 

writers and researchers proposed numerous concepts for teaching the social 

studies with history as a part of the discipline.15_z2 The project 

participants at the Social Studies Curriculum Center at Syracuse Univer¬ 

sity did not attempt to develop a comprehensive conceptual structure for 

social studies, but they listed more than thirty-four basic concepts.23 

Often goals and objectives were stated as concepts to be learned. 

Major Concepts 

Of the concepts previously cited, such as conflict, power, seculari¬ 

zation, scarcity, etc., the following were synthesized as major concepts 

in history. 

1. Democracy. A comparative study of individuals, groups, and 

societies, convinces not indoctrinates man of the importance 

of the individual's freedom of consent, freedom of creativity 

in thought and actions, and freedom to exercise intelligently 

the responsibilities of citizenship with relation to himself 

and his fellowman. 

2. Change. Recorded and remembered history shows that change 

either by evolution or revolution is inevitable, and that 

man's response to each challenge has led to further problems 

to be solved. 

3. Culture. Man does the things he does because of the particular 

time and place in which he lives; thus, locally and all over the 

world in the past and the present man has held different values 

and beliefs. These actions, values, and beliefs come from 

past situations and ideas, and while these may differ, man is 

essentially the same everywhere. An understanding of cultures 
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and man's interrelatedness encourages empathy and tolerance 

for other viewpoints. 

4. Choice. An understanding of history helps the individual 

understand who he is and what might happen, thus, helping 

him to choose among rational alternatives concerning the 

time in which he lives. 

5. Interpretation. History is interpreted by man from his in¬ 

dividual or group perspective; this bias should be recognized 

by the interpreter, while he continuously examines historical 

facts and tries to interpret them according to the evidence 

available. 

One Concept: Interpretation 

The concept interpretation was chosen for further study because it 

is basic to the study of history and to life itself. Some form of 

interpretation is employed by learners from infancy through old age. 

As defined in the preceding definition of terms, interpretation connotes 

after inquiry. Inquiry and interpretation should be taught throughout 

the sequence of public education. The structured experience of gathering, 

analyzing, and interpreting data beginning in the early school years, and 

of building understandings according to the suitability of the achieve¬ 

ment level should carry over into the individual's method of solving 

problems outside school, during, and following his years of formal edu¬ 

cation. 

Every author cited in this study agreed with these observations. 

Some even went so far as to say that the main purpose in studying his¬ 

tory is to develop one's powers of critical thinking.25,26 Kenworthy 

stated, "Learning then becomes probing, analyzing, and thinking rather 

than mere memorizing."27 Fenton says, "The end of a discovery exercise 

is knowledge of data as well as knowledge of questions and the process 

of inquiry."28 According to Bruner, "The very attitudes and activities 

that characterize figuring out or discovering things for oneself seem 

to have the effect of conserving memory."29 All of these goals are 

innate in the teaching of inquiry. 

All problems cannot be solved by utilizing the understanding, 

inquiry, but in those cases better interpretations can be reached. 

Controversial issues and current events should be included in the his¬ 

tory course. In cases where past or current problems cannot be solved 

following inquiry and interpretation, "a desirable attitude might be 

expressed by 'yes, but—' or 'no, but—',"3° which usually leads to 

further inquiry, as do "yes, then—" and "no, then—" responses. 

Interpretation: Six Understandings 

After studying understandings as delineated or interspersed in 

the writings of various authors,31-38 the following six understandings 

are proposed as necessary for developing the concept, interpretation, 

with learners: 

1. The individual, in order to understand the how and why, 

cause and effect of events in history, must recognize his 
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own cultural orientation to life as he projects elements of 

the past and present into the future. 

2. Historical facts or truths change with time and interpretation, 

and may be distorted by human attraction to the spectacular 

rather than to the more common actualities of everyday life. 

3. Historical events are so complex that an individual cannot 

interpret the past exactly as it was, but primary sources such 

as records, printed documents, artifacts and personal exper- 

riences, as well as secondary sources such as scholarly books, 

articles, and mass media, will aid him toward doing so. 

4. Inquiry, keeping in mind that one may be mistaken in his 

interpretations, is essential in studying history and in life.3 

5. History is fragmentary; it involves decisions on what to 

include or exclude because it is beyond capability to record 

all the happenings related to a single event, much less all 

the happenings in the world at a given moment. 

6. Each individual should admit bias in his point of view as he 

strives for accuracy in interpreting history and finding 

guides to follow for intelligent solutions to new problems. 
! I 

One Understanding: Inquiry 

In elementary school, inquiry may be expressed in four simple steps 

a) know problem, b) get facts, c) put facts in order, d) draw conclusior1* 

However, the process becomes more complex as new levels of achievement 

are reached. The processes of inquiry considered41 47 appeared to be 

based on John Dewey's48 process of reflective thinking. 

Historical inquiry may be used by an individual or group to includi 

the following phases, although some of these phases may be interwoven or 

in different order: 

1. Becoming sensitive to a problem. 

2. Identifying and stating the problem. 

3. Reasoning and hypothesizing based on previous knowledge. 

4. Collecting and organizing relevant data. 

5. Testing the hypothesis with evidence from data. 

6. Drawing conclusions. 

7. Questioning conclusions and method of inquiry. 

8. Beginning inquiry again as needed. 

One Learning Exercise to Teach the Understanding, Inquiry, for 
Each of the Objectives Set Forth in the Affective and 
Cognitive domains of the Taxonomies 

Several curriculum guides were reviewed,48-52 but most of their 

concepts, understandings, and learning exercises were related to specif 

subject matter. Some ideas were gleaned, but most of this material did 

not lend itself to focusing on the understanding, inquiry, per se. The 

objectives and related sub-objective classifications of the affective 
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and cognitive domains of the Taxonomies were taken literally as objec¬ 

tives or goals to reach in teaching the understanding, inquiry. The 

reader will note the following learning exercises adhere exactly to the 

objectives taken from the Taxonomies even to the extent of repeating 

key words.53*54 By following the Taxonomies as stated, the impression 

given that cognitive and affective learnings can be divided from each 

other is false. In reality these thought and action processes are 

closely interwoven; they neither follow a step-by-step pattern, nor 

exclude other thought processes. 

One learning exercise designed to teach the understanding, inquiry, 

to history students was stated for each progressively more difficult 

objective under each of the two domains that follow. These learning 

exercises were based on one assignment, a research report. 

Affective domain 

Receiving. The first learning exercise in teaching the under¬ 

standing, inquiry, takes place at the beginning of the school year be¬ 

cause all other class activities during the school year will be based 

on this one understanding. This first learning experience takes place 

in the classroom and is extended beyond the classroom voluntarily by 

the student. This is the first of a series of learning exercises that 

may require as many as ten one-hour class periods. 

The student becomes sensitive to the general problem of inquiry 

in class as the teacher shows slides giving an overview of the unit 

of work to be studied. The teacher observes the awareness and willing¬ 

ness to receive of each student by his attentiveness to the slides and 

discussion. Students are asked to give their reactions as the slides 

are shown. The teacher encourages them by asking questions relating the 

slides to the students' personal experiences and to current events. She 

notes the types of answers the students give to her and their questions, 

which help to control and promote selective attention. Near the end 

of the class period, the teacher identifies the unit of work in the 

search text. Similarities between this material and the slides just 

shown are discussed. Then, a homework assignment is given in which 

students are asked to identify several topics that they would like to 

research during the next few weeks. The teacher explains that each stu¬ 

dent will later research only one. She also reminds them that no two 

students will give a research report on the same topic. The teacher 

moves around answering individual questions as students begin to read 

only the topic headings, legends, and pictures in the text materials. 

Awareness, willingness to receive, and selective attention are again 

observed by the teacher. 

Two class periods are used to discuss the understanding, inquiry, 

and to discuss the teacher's mimeographed instructions and standards 

for research reports, both written and oral. Various models of reports 

are shown with the opaque projector and some are placed on the bulletin 

board for student reference. 

Responding. Each student comes to class with his homework assign¬ 

ment completed (acquiescence in responding), The teacher notes the 

excitement of various students as they discuss with her the topic they 
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most prefer to research. As she moves about the room, she notes long 

and short lists of topics in response to her assignment of "several." 

As each student relates his first choice for a research topic, other 

students mark them off their list. As she lists the students' choices, 

she encourages them to talk about their individual choices; some stu¬ 

dents indicate that they have already checked various sources to see if 

they can find enough information on given topics. The teacher notes 

through these comments their willingness to respond. While doing this 

homework assignment and participating in this class activity, students 

identify their individual problems and learn the importance of making 

individual decisions within the limitations of the group and within the 

boundaries of the teacher's assignment. Some students may limit their 

topic further or find it necessary to change their topic after beginning 

their research. After each student's choice is listed by the teacher, he 

shares his list by placing it on the table for the teacher's reference 

along with her own list of possible report topics. The student then 

considers his own topic for research and recalls related facts. He 

writes what is referred to as a hypothesis, which may be in the form of 

a general statement or a list of questions, either of which will serve 

as a search guide in collecting heretofore unknown relevant information 

about his topic. The teacher notes the student's satisfaction in re¬ 

sponse by the way he concentrates and becomes absorbed in his writing. 

Valuing. After class the teacher discusses the list of topics for 

reports with the class' library committee and with the school librarian. 

They select books related to the topics and general books related to the 

unit. These books are taken to the classroom and placed on shelves and 

tables in the room. At the next class meeting, students check titles, 

indexes, and tables of contents for information related to their topics. 

Each student begins to take notes as information is located. The teacher 

observes the acceptance of value by the student's behavior within the 

group, the importance he attaches to his reading as indicated by his 

concentration and enjoyment of the materials. Outside of class the stu¬ 

dent continues his research. He goes to the school library for further 

reading of the books used in class (now on two-week reserve in the 

library), and to the public library, to related books, and to related 

personal experiences, which may include artifacts, travel brochures, 

pictures, slides, etc., that he has collected. The student's voluntary 

actions in doing extensive research outside the class are applauded by 

the teacher, who has arranged with the various librarians for this 

learning exercise. As the student takes notes, he makes decisions as 

to what to include or exclude. His interest may move to a special area 

within his chosen topic. The teacher notes the student's preference 

for value by the importance that he attaches to his research as shown by 

his actions and the type of interests that he pursues. 

At the beginning of the class period each day, students are en¬ 

couraged to ask questions and make comments about their research. They 

discuss problems encountered, speak enthusiastically of an interesting 

point, share a discovered brochure or book with a fellow student, who 

has chosen that topic for research. These responses, along with sus¬ 

tained action in research, indicate to the teacher the student's level of 

commitment to the understanding inquiry. 
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Organization. Following completion of the student's first research 

experiences, the teacher provides other learning exercises that incor¬ 

porate the inquiry processes experienced by the student during his first 

research study. For example, provision is made for the individual to 

work in a small group. No instructions are given for steps to be taken 

in completing the group report as were given for the individual research 

report. The student influences his group to use the same steps in re¬ 

searching the report. The group, after discussing several ways of work¬ 

ing, decides to follow his suggestion. Here the teacher notes in each 

member of the group the conceptualization of the value of inquiry and 

the organization of a value system that recognizes inquiry as an impor¬ 

tant tool in the acquisition of knowledge. 

Characterization by a value or value complex. The teacher provides 

another learning exercise for teaching the understanding, inquiry, by 

structuring her classes for maximum discussion and student participation. 

During these discussions she notes the generalized set and whether the 

student's responses consistently indicate that he has approached his 

answer objectively after examining the evidence, and whether he has an 

open mind for further inquiry. 

As indicated, the teacher provides learning exercises for her stu¬ 

dents that are individual, with small groups, and with the class. She 

should go further and provide periodic large group learning exercises 

for the student with other students of similar age; this may include 

approximately 200 students. This learning exercise may be a "town 

meeting" in the auditorium, without other faculty members present. In 

each of these learning exercises she can observe the characterization of 

the student's behavior. She will note whether his behavior is consis¬ 

tently characterized by reflective thinking (inquiry) or whether he acts 

inconsistently. She can note the effect of his thinking on his behavior 

in responding to others with kindness, respect, and consideration, while 

holding fast to his views without being swayed by the crowd. She will 

note his maturity, his being able to change his views, as new evidence 

is found, without "losing face." She can note the student's maturity 

further by gaining insights into his behavior by checking with fellow 

teachers to see if the inquiry process learned in her class carries over 

to his work in other classes. She can consult with parents for the same 

information. She should observe him in the lunchroom, in the halls, and 

on the campus. Through these observations coupled with informal conver¬ 

sations with students she can determine areas where more guidance is 

needed in teaching the understanding, inquiry. 

Cognitive domain 

Knowledge. Following the learning exercises in which the students 

are collecting relevant information for their reports, the teacher con¬ 

tinues the in-class learning exercises. As various students move beyond 

collecting data to the next phases of inquiry, the teacher acts as a 

consultant. She moves about the room answering questions—usually with 

questions of her own to determine the extent of the student's knowledge 

of the understanding, inquiry. Through her comments she lets the student 

know that she is "with" him, that she is interested in his work, and will 

do whatever she can to assist in his understanding and working to the 
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best of his ability. When the student comes to the point of inquiry 

(phase 5) "Testing the hypothesis with evidence from data," he ex¬ 

hibits his knowledge of the understanding, inquiry, as he (1) recalls 

the meaning of the term "hypothesis", (2) recognizes the specific facts 

in his hypothesis that do not stand the test of evidence, (3) recalls 

evidental facts about his topic that extend the hypothesis toward con¬ 

clusions, and (4) recalls other reliable sources of information that he 

has not used. 

The student then moves beyond phase 5 and (1) recalls the trends 

and sequences of the inquiry process and decides that he needs more 

information before proceeding; (2) recalls his history teacher's 

directions for the style of writing to be used in his report, and 

checks his mimeographed sheet again; (3) recalls instructions regarding 

how his report should be divided into topics that will help him to remem¬ 

ber his data as he presents it orally to the class; (4) recalls the 

criteria to be used by himself, his teacher, and his classmates in 

judging his written and oral report—criteria such as accuracy, clarity, 

projection of voice, etc.; (5) recalls the phases in the methodology of 

inquiry to check his own progress in completing the report; (6) recalls 

the words "synthesis" and "summary" and considers his relevant informa¬ 

tion for main ideas; and (7) recalls facts that show the interrelated¬ 

ness of the main ideas in his information. He discusses any problems 

that he may have at this time with the teacher. 

Comprehension. As the learning exercise of working individually 

in the classroom continues, the teacher observes that students are at 

various levels of progress on their report and that all have not compre¬ 

hended her instructions in the same manner. Each individual has trans¬ 

lated her instructions uniquely; that is, he has related the inquiry 

process to his own time schedule, individual ability, and has decided 

how to proceed in his own way. He interprets the phases of inquiry 

uniquely. Instead of following them step-by-step, he moves back and 

forth as he thinks best. He extrapolates his interpretation of the in¬ 

structions to determine approximately how much time he should spend on 

each phase of the inquiry and how long it will take him to complete the 

report. He exclaims to the history teacher, "I can use this same method 

of reporting in science class!" 

Application. Learning exercises to teach the understanding, in¬ 

quiry, as described under Organization and Characterization by a Value 
or Value Concepts (see p. 449) can be related to application. The 

student's knowledge of the understanding, inquiry, is shown as he uses 

the process, without being instructed to do so, in his group work and in 

school activities outside the classroom. Further learning exercises for 

teaching the understanding, inquiry, (and opportunities to note appli¬ 

cation) , may be provided by the history teacher as she works with students 

voluntarily organizing special interest clubs after school hours (ex¬ 

tending learning exercises beyond the classroom to "new yet real items"). 

Analysis. Another learning exercise takes place in the classroom 

under the teacher's observation. The student's knowledge (see p. 449) 

is related to analysis. As he recalls facts, he analyzes them for 

relevance to his hypothesis. He excludes those that are irrelevant or 

biased and organizes his information according to topics. 
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Synthesis. The teacher continues to play an important role in 

each learning exercise. Each student arranges his information as 

classified by topics into a logical sequence, he condenses the report 

until he retains only the facts supported by evidence. From these he 

draws conclusions. Though each student begins with the same instruc¬ 

tions, the completed report is the "creative" effort of its writer and 

may be unique in form and content. The teacher has encouraged this 

individual creativity by expressing respect for and acceptance of dif¬ 

ferent ideas. The teacher provides a further learning experience for 

teaching the understanding, inquiry, by asking each student to pull out 

the main ideas from his written report and make an illustration (model, 

poster, etc.) of them to show to the class. He produces a plan uniquely 

his own in designing his illustration within the size and cost limita¬ 

tions set by the group. In his conclusions the student explains his 

data in his own words, synthesizes further and gives his reasons for his 

explanations. He decides whether further inquiry is needed. 

Evaluation. The teacher continues to work with students individ¬ 

ually in the classroom as they evaluate their own written reports and 

illustrations. She continues to guide by asking questions to determine 

if the student is judging his work by his internal standards. She 

checks his work to see if his standards meet the level of the standards 

for accuracy in the process of inquiry given in her instructions. A 

learning exercise for further evaluation takes place during class when 

students give their individual reports orally. Following each report 

the student reporting asks for questions about his report. He then 

asks for comments on what the class liked about his oral report, and 

suggestions as to how he could have improved his report. The teacher 

nates these suggestions. At a later class meeting she discusses with 

students their methods of inquiry and their suggestions made to each 

other following their oral reports. They decide together which sug¬ 

gestions seem most appropriate and add them to her instruction standards 

for their next learning experiences in inquiry. 

SUMMARY AND CONCLUSIONS 

Although history is considered to be one of the seven subject areas 

of social studies, it is a subject that encompasses all of human life. 

History is the past, even what happened in the past moment; therefore, 

current events are history. It is also the recorded or remembered rec¬ 

ord of these events. The concept, interpretation, is basic to history 

and to life. Every human employs interpretation. It is every teacher's 

responsibility to teach the understanding, inquiry, i.e., the process 

that precedes interpretation. Teaching the understanding, inquiry, 

simultaneously teaches knowledge of data. Teaching the understanding, 

inquiry, throughout the formal school years helps students become ac¬ 

customed to its use, so that they will apply it to problems outside the 

classroom and beyond their formal schooling. Ultimately, instead of 

reaching interpretations that are unsubstantiated opinions, individuals 

will make objective decisions based on facts. They will be able to 

meet change with realistic changes, i.e., solutions. 

From the beginning of each school year, teachers should provide 

individual, group, class, and large group exercises for teaching the 
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understanding, inquiry. They should be able to evaluate the student's 

progress in its use according to an acceptable taxonomy of educational 

objectives. 

The structured approach can and should be used in planning content 

of the public school curriculum, disciplines within the curriculum, and 

individual classes. Structuring the curriculum appears compatible with 

the nature of society, the nature of the learner, and the nature of 

knowledge. The learner, thus society, will benefit by learning concepts 

based on understandings. Pre-planned concepts and understandings should 

be used by the teacher as a springboard for questions. These questions 

should be phrased by the teacher to promote inquiry, then spontaneous 

questions reflecting individual interests and needs will come from stu¬ 

dents and teachers. This would keep the curriculum from being "cut and 

dried." The pyramidal plan of learning interrelated concepts and under¬ 

standings is synonymous with the nature of the learner because informa¬ 

tion is learned and memory is enhanced, thus equipping the learner with 

transference of knowledge for solving the problems in his changing 

society. 

Teachers of social studies in public schools should: 

1. Continuously evaluate the present social studies curriculum 

and the objectives, and make needed changes where possible. 

2. Continuously identify areas to be taught rather than stressing 

coverage and repetition of material. 

3. Utilize more often the consultative help available at nearby 

colleges; most college people are so concerned about public 

schools that they will assist free-of-charge. 

4. Involve consultants (not sales representatives) of publishing 

companies to inform teachers, free-of-charge, about new 

materials and their purposes that are now available. 

5. Utilize teacher-aids and parents to assist with secretarial 

and research work. 

6. Consider media and other materials as essentials to learning, 

not as supplementary to a textbook, which may or may not be 

equally essential to learning. 

7. Continue to request the improved working conditions that are 

conducive to learning through the inquiry process. 

8. Examine, individually, one's own methods of teaching; begin 

now to de-emphasize "coverage," and emphasize each student's 

comprehension of concepts, in-depth understandings, and usage 

of historical inquiry. 
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Modeling Inertial System Mechanizations 

A UNIFIED THEORY FOR MODELING INERTIAL SYSTEM MECHANIZATIONS 

Harold L. Pastrick 

US Army Missile Command 

Redstone Arsenal, Alabama 

ABSTRACT 

Classic development of the ideal inertial navigation mechanization 

equations has presumed geometric intuition and reasonable familiarity 

with the inertial system hardware. Consequently, many treatises and 

texts on the subject have neglected the derivation of an important sub¬ 

set of the mechanization equations. Specifically, the gyro torquing 

equations often have been given without any discussion on their origin. 

A method of analysis is presented that circumvents the troublesome 

difficulties previously mentioned. Elnphasis is placed upon viewing the 

transformation required between different coordinate bases as a change 

in orientation which is described by Euler angles and rate of change of 

orientation between bases. Four mechanizations are derived in suffi¬ 

cient detail to indicate the applicability of the technique. Included 

in the analyses are most often used navigation bases commonly called 

tangent plane, space-fixed tangent plane, free azimuth, and local level 

north-east mechanizations. 

INTRODUCTION 

The inertial guidance system consists of the stable platform (IMU), 

sensors that measure specific force (the accelerometers), and sensors 

that measure angular motion in a coordinate system fixed in the IMU 

(the gyros) [l, 2, 3]. The gimballed platform, shown schematically in 

Figure 1 is typical of those that have been used. It permits isolation 

of the instruments from the angular motion of the vehicle by using the 

gyros as sensors of orientation change. Through gimbal servos, the 

platform is returned to its proper attitude permitting the accelerometers 

to measure changes in specific force. To obtain velocity, position, and 

attitude information from the instruments and the platform, sets of 

equations are mechanized in the computer. Additionally, the mechaniza¬ 

tion equations provide the information for torques needed to precess 

the gyros. 

The purpose of this exposition is to develop several sets of 

mechanization equations that will suggest its suitability to applica¬ 

tion in other cases. The method differs from that mentioned in the 

texts preceding or elsewhere [4, 5, 6]. Here the emphasis is placed 

on viewing the transformations required between different bases or 

coordinate systems as a change in orientation describable by Euler 

angles and as rates of change of orientation between bases. Previous¬ 

ly, either the development was incomplete, or the transformations were 

biased in favor of geometric intuition and reasonable familiarity with 

the hardware [7]. 

In order to place into perspective the contribution of this ex¬ 

position, it is worthwhile at this point to summarize the significant 

early developments in this technology. 
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YAW AXIS 

FIGURE 1. Schematic diagram of a three gimbal inertial guidance system's 
I MU. 

Inertial guidance as a practical means for controlling vehicle 

motion between points on the earth did not exist before 1940. The 

impetus to start developments in this technology stemmed primarily from 

military needs generated in World War II. However, early reports dating 

into the 19z0's are mentioned by O'Donnell [l]. The classical paper by 

Schuler [8] not only described an earth-radius pendulum, but suggested 

a possible inertial-velocity measuring system. This work was predicated 

by advances in gyroscopic devices invented by H. Anshutz-Kaempfe in 

Germany and Elmer A. Sperry in America, and applied as instruments for 

navigation for the first time several years earlier. There was a 

plethora of activity both in Europe and in the United States in the 

gyrocompass field dating from Anchutz's patent disclosure in 1906 and 

his modification patented in 1911. Sperry's first marketed product 

appeared in 1911 with improvements by H. C. Ford and H. L. Tanner dis¬ 

closed in 1913. Other pioneers included Sir James Henderson, G. B. 

Harrison, and A. L. Rawlings of the British Admiralty, all of whom are 

referenced in Rawling's monograph [9]. His initial volume, written in 

1928, was one of the earliest major treatises to combine the funda¬ 

mental theory of gyroscopic devices with applications to stabilization 

and navigation. This was a significant step toward mathematically 

describing modern systems as contrasted with development of theoretical 

mechanics and a purely academic treatment of rotational rigid body 

motion. 

A U.S. patent was issued in 1938 to J. M. Boykow, a German Naval 

Officer, who conceived a specific instrumentation concept similar in 

principle to the modern inertial navigator. Though it was not practical 
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as disclosed, he was commissioned by the Peenemunde Group of German 

scientists to develop a workable solution to their needs for a rocket 

guidance system. When he could not, they set out to accomplish it on 

their own. Draper, Wrigley and Hovorka [lO] credit this group, the 

inventors of the V-2 rocket, with the realization of inertial guidance. 

Flights as early as July 1942 are noted by Kooy and Utgenbogaart [ll]. 

This team, under the leadership of Wernher Von Braun came to the U. S. 

after World War II and continued research in inertial guidance and 

rocketry at Ft. Bliss, Texas and finally at Redstone Arsenal, Alabama 

under U. S. Army sponsorship. 

In this country, the inertial technology was at a virtual stand¬ 

still until the war. Notable exceptions include the work of C. G. Abbot 

who, in 1924, received a patent for a navigation system based on a 

three-axis gyro assembly with a gravity vertical. Work at the Mass¬ 

achusetts Institute of Technology's Instrumentation Laboratory was 

started in 1930 on studies in aircraft instruments from a standpoint 

of fundamentals, design, and manufacture. Graduate courses and research 

work at M.I.T. emphasized the theoretical aspects of this new technology 

An early milestone was a Sc.D. dissertation in 1941 by Walter Wrigley 

[l2]. He reports [13] that, even though by 1950 the field of inertial 

guidance "was a going concern at M.I.T.," published articles prior to 

1957 were for the most part limited by security regulations to vague 

discussions of pendulums and gyros. Little of the physics and engi¬ 

neering that actually governed basic design was available at all. 

In 1955 Draper, Wrigley and Grohe [l4] published a paper on gyros 

distributed by the Institute of Aeronautical Sciences, and in 1957 

Wrigley, Woodbury and Hovorka [15] published a paper on inertial guid¬ 

ance which for the first time made public those system design methods 

peculiar to the Instrumentation Laboratory of M.I.T. From that period 

of time onward an increasing number of publications emanated from M.I.T. 

initially as internal engineering notes on specific engineering problems 

[cf. 16-20], and then as additions to the public literature [cf. 21-23]. 

Concurrent work in developing the theory and synthesis of inertial 

guidance at Autonetics Division of North American Aviation, Northrop, 

Hughes Aircraft, Sperry, and in other U. S. industry created a wealth of 

published material. A rapid survey of this and other work abroad (the 

USSR for example) is referenced in the texts mentioned earlier [l-3, 

5-7]. 

IDEAL EQUATIONS OF MOTION 

The inertial system integrates information from the specific force 

meter (SFM), more commonly called an accelerometer, to obtain velocity 

and position. The SFM, as described by Markey and Hovorka [24], can 

be idealized as follows: 

II 
->■ -y -** 

r =*£ + G , (1) 
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where: 

f A specific force 

G A gravitational field intensity vector at the 

center of mass of the SFM mass element 

y d 2 ( r) 

dt2 
A vector expressing the acceleration of the 

I specific force meter's case with respect to 

the inertial basis. 

By manipulating several vector identities, Eqs. 2 and 3 are ob¬ 

tained for the solution to the navigation problem, [cf 1-5]. 

L 
/i-*E-I +L-E\ * 

V = f + g - ( 2tu 

>
 

X 3
 

+
 (2) 

L 

+e-L “*■ 
r = V + w xr (3) 

where: 

r A vector expressing position from earth's center 

of mass to the vehicle 

d(r) 

dt 

E 
A -*■ A 
= r = 

vector expressing velocity of vehicle with 

respect to earth fixed basis 

d (r) 

dt 
I 

vector expressing velocity of vehicle with 

respect to an inertially fixed basis which is 

nominally time invariant 

d(r) 

dt 

L 
A -* A 
= r = 

vector expressing velocity of vehicle with 

respect to a local basis 

E 
V A 

= r 

g A G 
*E-I ( +E-I \ 

I W x r 1 

The latter vector is the sum of the gravitational field intensity and 

the centrifugal acceleration caused by the earth's rotation relative to 

an inertial basis. More commonly, it is the apparent specific force 

caused by gravity which acts along the direction of a suspended plumb 

bob. 
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Equations (2) and (3) are the ideal position state equations in 

convenient form for hardware implementation. The left side of Eq. (2) 

is the derivative of velocity relative to a local basis oriented near 

the earth's surface. The term ?, the specific force, is provided 

directly by the accelerometers, and the last two terms are calculated 

from knowledge of position and the angular velocity of the local basis 

which are instrumented and computed on-board the vehicle. It remains 

to choose the local basis for coordinatizing Eq. (2) explicitly [25, 26]. 

Several are common, including the wander azimuth, local level north¬ 

east, tangent plane, space-fixed tangent plane, free azimuth, latitude 

longitude, and relocated pole latitude longitude. These various mechan¬ 

izations differ basically in the way the vector to^ ^, the angular velo¬ 

city of the local basis with respect to the inertial basis, is prescribed. 

For purposes of this analysis, the free azimuth, the tangent plane, 

the space-fixed tangent plane, and the local level north-east mechani¬ 

zations will be developed. 

THE SCALAR FORM OF THE TORQUING EQUATIONS 

Coordinatization of Vector to in the Tangent Plane Mechanization 

Recall that to is the angular rate at which the platform is torqued 

or rotated, relative to inertial space, about its nominal X, Y, and Z 

axes. Regarding the local basis, L, as the true or computer basis, C, 

(the basis in which the computations are performed to update velocity, 

position, and angular velocity terms) the vector 2 can be coordinatized 

in any of the bases previously mentioned. If the tangent plane mechan¬ 

ization is chosen, the platform angular rates are constant rather than 

time varying as in all of the others. Thus, the platform is held fixed 

relative to the fixed point on the earth, regardless of the vehicle 

position. Figure 2 displays the geometry and shows the tangent plane 

emanating from the fixed point passing through the base site. By in- 

C-I 
spection, the components of the gyro torquing signals, to , in the 

computer basis are given by C 

CO "o 
X 

C-I 
(0 = CO = 0, cos \ 
c y o 

00 sin \ . 
z o 

_ - 

(4) 

The following derivation is performed both as a check and also to 

display the rationale of the analysis method. The coordinatization 

begins with 

C-I C-E E-I 

to = to + to . (5) 

C C C 
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<3E-' 

FIGURE 2. Tangent plane mechanization geometry. 

To keep the requirement that only constant gyro torques are 

mechanized, 

wC_E = 0 (6) 
C 

Now u) is best coordinatized in the earth's fixed basis in which it 

is known and nominally constant, i.e.. 

E-I 
U) 

E 

0 

SI 

0 

(7) 

Thus, to express Eq. (5) in the common basis given, a transformation 

is required on Eq. (7), 

E-I 
W 

C 
tc/e£ 

E-I 
(8) 

where T^^, is defined as the direction cosine matrix representing the 

coordinate transformation from the earth's basis (E) to the computer's 

basis (C) . 
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The summary of the transformation is shown in Table 1. 

TABLE 1. Transformation Summary 

Angle Axis 

Transforma tion of Rotation of Rotation Basis Name 

Earth T 
C/E —» \ 

A0 ye / 

\ 
o 

-X ' ) 
6 / 

E ' 

Computer 

This results in the following: 

'i 0 0 1 COS 
Ao 

0 -sin Aq' 

T = 
C/E 

0 cos X 
o 

-sin X 
o 

0 1 0 

0 sin X 
0 

cos X 
o 

sin 
Ao 

0 cos Ao ^ 

because 

(9) 

C-I 
w 
C 

(10) 

then 

CO 0 
X 

CO = fl cos X 
y o 

CO a sin \ 
z o 

(tangent plane mechanization). (11) 

In this case, the base point or fixed point latitude, A0, is used 

throughout the mission and the torquing rates applied to the gyros are 

shown in Eq. (11). 
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Coordinatization of Vector oj in the Space-Fixed Tangent Plane 
Mechanization 

For completeness, the following discussion concerns another mechan¬ 

ization scheme that is simple enough to be competitive with the tangent 

plane mechanization. For lack of a more widely accepted terminology, 

it is called the space-fixed tangent plane mechanization. It was, in 

fact, used on some earlier versions of operational guidance systems. 

The local level is established via IMU mounted pendulums or precision 

accelerometers and there is no torquing of the azimuth gyro. This 

mechanization is identical to the tangent plane scheme described in 

detail earlier. However, in the space-fixed tangent plane mechani¬ 

zation, the computation of earth's rate is terminated immediately be¬ 

fore launch so that the horizontal and vertical components of earth 

rate torquing to the level gyros are also zero. That is, in this 

mechanization 

— — “ — 

0J 
X 

0 

0) 

y 

II 0 

N
 

3
 

, J 1 
o

 
1_

 

(spaced-fixed tangent plane mechanization). (12) 

The obvious advantage to mechanizing a scheme that does not torque the 

gyros is more than a simplification in the on-board computer. 

The burden of the simplified on-board hardware is placed on the 

ground based level and alignment hardware. Though the earth's rate 

components are not calculated nor used to torque the two level gyros, 

a set of firing tables are required to offset the missile's trajectory 

to the primary target to compensate for the Coriolis acceleration. 

Consequently, it is a matter of choice, based on the preceding alterna¬ 

tives, as to which of the two simplest mechanizations one is willing to 

instrument. 

Coordinatization of Vector ui in the Fi'ee Azimuth Mechanization 

This mechanization eliminates the torquing error associated with 

the Z-gyro, i.e., the gyro with its input axis vertical, because it 

does not provide a torquing command about the vertical axis. Instead, 

the indicated north direction is computed by calculating the angle 

between the north, given in a level plane, and the level platform axes. 

The angle, a, shown in Figure 3 is the angle between the horizontal 

platform Y axis and the true north. 

As in the previous case, the local basis (L) is considered to be 

the computer or true basis. Equation (5) is repeated for convenience. 

C-I C-E , E-I 
0) +0) 

Again the argument for a transformation on the earth's rate is valid, 
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jw6’1 ATI 

FIGURE 3. Free azimuth mechanization geometry. 

1. e. , 

E-I * 

c = W 
E-I 

(13) 

However, this direction cosine matrix, T c/E’ differs from T^/j. of the 

tangent plane mechanization. It is summarized in Table 2. 

TABLE 2. Transformation Summary 

Transformation 

Angle 

of Rotation 

Axis 

of Rotation Basis Name 

Earth 
C/E —> \ 

A 
YI / 

■V ) \ 

V ) a 
Computer 

103 



Journal of the Alabama Academy of Science 

sin a 0 1 

cos a 0 0 

0 1 0 

As before 

E-I 
w 
E 

0 0 cos A 0 -sin A 

cos A -sin A 0 1 0 

sin A cos A sin A 0 cos A 

(14) 

0 

fl j 

0 

C/E 

cos a 

-sin a 

0 

so that Eq. (13) may be expanded to yield 

E-I 
w 
C 

£1 sin a cos \ 

£1 cos a cos A 

Q, sin A 

(15) 

Unlike the previous case, where it was considered zero, 

-*-C-E 
w 

ZL + *E 
+ A Y, (16) 

Here, is the unit vector about the Z axis of the platform, and X^, 

and Y are the unit vectors, respectively, about which small rotations 

of angles A and A are made in the intermediate Euler sequence. To 

coordinatize all the vectors into the computer basis, the a rotation 

needs no transformation, the X term is transformed through fhe angle a 

to determine its components in the computer basis, and the A term is 

transformed into the computer axes through the angles a and A. The 

coordinatization is given by 

0 -A 0 

Jck 
0 4- T 0 + T 

C/E 
A 

a 0 0 

(17) 

The minus sign on A indicates [6] that the platform is maintained 

locally level by torquing the X-gyro to produce the precession rate -A. 
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The transformation T^g is summarized in Table 3. 

TABLE 3. Transformation Summary 

Trans forma tion 

Angle 

of Rotation 

Axis 

of Rotation Basis Name 

ry'k'k 
Earth 

C/E 

\ 
—> \ 

“*E / 

a 
—» \ 
z \ 

E 

L / 
Computer 

The result is 

C/E 

cos a sin a 0 1 0 0 

= -sin a cos a 0 0 cos \ -sin \ 

0 0 1 0 sin A. cos \ 
. _ 

(18) 

T^^ is a simple transformation resulting from a small rotation of 

angle a about the Zg axis. Thus, 

C'*E 

cos a sin a 0 

-sin a cos a 0 

0 0 1 

Substituting Eqs. (18) and (19) into Eq. (17) yields 

C-E 

-X cos a + A sin a cos A 

A sin a + A cos a cos A 

a + A sin A 

(19) 

(20) 

Substituting Eqs. (15) and (20) into Eq. (5) gives the following 

coordinatization result: 
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CO (fi + 
X 

CO 
y 

= (fi + 

CO 
z 

(fi + 

A) sin a cos 

A) cos a cos 

A) sin \ + a 

\ \ cos a 

\ + \ sin a (free azimuth 

mechanization) 
(21) 

As previously mentioned, one of the main advantages of the free 

azimuth mechanization results in not having to torque the azimuth or 

Z-gyro, i.e., it is free to rotate. (Another similar mechanization, 

called the wander azimuth mechanization, results when the Z component 
-+C_E ->-e-I 

of 0) is constrained to equal the Z component of to .) Thus, u) 

is made zero by forcing 

a = -( A) (22) 

which results in 

— - — 

CO 
X 

(fi + A) sin a cos A - A cos a 

CO 
- (fi + A) cos a cos A + A sin a 

y 

0) 0 
z 

— — _ — 

(wander azimuth 

mechanization) 
(23) 

Coordinatization of Vector d in the Local Level, North-East Mechanization 

Another coordinate mechanization widely used for navigation which 

has potential for many applications is the local level, north-east 

system. The usefulness of this system is important when the system's 

outputs are desired corresponding to map data, or when an explicit 

vertical is desired to drive auxiliary equipment. This basis is also 

observable in Figure 3, but with the angle, a, now kept constant at 

the value of zero. 

The platform torquing rate is again repeated 

C-I C-E E-I 
U) = w + w 
C c c 

Now 

E-I 
w 
C 

m •k’k'k 

C/E 
E-I 

w 
E 

(24) 
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where is of the same form as the transformation of Eq. (9) 

1. e . , 

1 0 0 cos A 0 - sin A 

0 cos \ - sin \ 0 1 0 

0 sin X cos \ sin A 0 cos A 

(25) 

Again, the earth rate components are 

so that 

E-I 
u 
E 

0 

n 

o 

E-I 
w 
C 

0 

ft cos \ 

ft sin X 

(26) 

(27) 

The term w is similar to its counterpart in the free azimuth 

system; only here it is less complex, i.e.. 

' 0 * "-A ' 

E = T 
C/E A + 0 

0 0 

’ 1 0 0 'o' ‘~x' 

E 
0 cos \ sin X A + 0 

0 -sin X cos X 
- 

0 0 

(28) 

(29) 
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Adding Eqs. (27) and (29) gives the final result 

GO 
X 

GO 

y - (ft + A) cos \ (local level north-east mechanization). 

GO 
Z 

(ft + A) sin \ (30) 

Notice that it is a special case of the free azimuth mechanization 

given by Eq. (21) but with a set equal to zero in this case. 

CONCLUSIONS 

Sufficient analysis has been performed to display the coordinati- 

zation of the IMU's rate of rotation or torque rate, (J, in four mech¬ 

anizations. The rationale for the specific choice best suited to a 

given application is one that can be made only after extensive study. 

Factors to be considered are the mission of the vehicle, the computation 

hardware available, the format of the output data required, and initial 

leveling and alignment conditions. 

Regarding the method of analysis, a unified theory has been given 

that was shown applicable to four inertial system mechanizations. By 

considering the relative orientation between coordinate bases and the 

relative angular rate of orientation, a strong dependence on geometric 

intuition to establish the gyro torquing rates is eliminated. Thus, 

the method is readily adaptable to many other conceivable mechanizations. 
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PERCEPTION OF ALABAMA CITIES: AN EXPLORATORY ANALYSIS 

Samuel H. Himes, Jr. 

Department of Marketing 

University of Alabama, University 

INTRODUCTION 

The concept of perception is critical to an understanding of human 

behavior, whatever the context. Perception involves an awareness of 

the environment surrounding an individual—the society in which he lives, 

the people with whom he comes into contact directly or indirectly, his 

physical condition, and his demographic profile (8). All of these ele¬ 

ments and others blend within an individual into an entity known as his 

perceptual field. 

A person's perceptual field is a subject of great interest for 

social science researchers, since all human behavior occurs as a result 

of the particular mix of components in that field (3). Such behavior 

need not be rational by the standards of society, but a key point to 

remember is that an individual's behavior is rational to himself within 

the confines of his perceptual field (2). As marketers and as commun¬ 

icators, we must be able to penetrate the perceptual fields of indi¬ 

viduals if we are to come to an appreciation of the causes and effects 

of human behavior. 

While an individual is subject to influences upon his perception 

from a number of courses, and while that perception may concern a 

multitude of subjects, this article is focused upon the perception which 

people in a particular geographic area (region) have concerning com¬ 

ponents of that region. Specifically, this study deals with the per¬ 

ception which people currently living in Alabama have relative to cities 

within the state. 

MENTAL MAPS 

Previous research into the area of regional perception has deter¬ 

mined that individuals possess certain "mental maps" of geographic 

areas which often bear little resemblance to objective reality (6). 

Disparities in such maps occur since a person cannot possibly know a 

comparable amount about all geographic regions, because 1) time and 

financial resources limit his information and 2) emotional factors limit 

objective consideration of many geographic areas by individuals (1). 

Generally speaking, the mental maps which an individual has within his 

perceptual field are more well-defined for geographic areas with which 

he is most familiar (7). A person living in Alabama, for example, would 

be expected to have a much more well-defined "mental map" of Alabama 

than he would for Idaho or North Dakota. 

Consideration of mental maps is important for geographic divisions 

such as states and cities, since the development of those regions may 

depend upon the image (the "mental.maps") which individuals (both 

within and outside of the area) possess. Previous research by the 

author has dealt with certain components of the images which the State 

111 



Journal of the Alabama Academy of Science 

of Alabama has among various groups within the state and across the 

country. The focus of this research, however, was upon the mental maps 

which Alabamians had concerning cities within our own state. 

One might ask a number of questions concerning those maps. For 

example: Do particular Alabama cities have an advantage from a per¬ 

ceptual point of view in attracting residents? What are the impli¬ 

cations of the findings of this study for individuals and groups in¬ 

terested in the development of Alabama? The purpose of this effort 

was to provide tentative answers to these and similar questions. 

STUDY DESIGN 

The current study was a preliminary investigation to determine 

something about perception of Alabama cities and to serve as the basis 

for additional work aimed at investigating the problem in greater 

detail. As such, the analysis was of a more qualitative nature than 

might be used in subsequent efforts based upon it. Likewise, the 

sample chosen for administering of the questionnaire here was not 

selected using probability techniques of sample selection. To the 

extent that such items are important in an evaluation of results, 

their lack constituted a limitation of the study which this paper re¬ 

ports . 

The author selected a list of 96 cities from all towns in Alabama 

with populations of 2,500 or more according to the 1970 U. S. Census. 

The population criterion of 2,500 was established as a guideline, 

since the Census Bureau defines towns with a population of at least 

2,500 as "urban places" (9). Certain cities were eliminated from con¬ 

sideration, primarily because they were suburbs of larger cities. In 

general, however, the list of cities contained virtually all of the 

urban places in Alabama. 

Each respondent was given a list of the cities in alphabetical 

order, and was asked to indicate his reaction to each town in terms of 

a three-step structured scale. The criterion for evaluating each city 

was the reaction of the respondent to that location as a place for him 

to live and work. The three possible responses were "favorable," 

"indifferent," or "unfavorable." In addition, the respondents were 

asked to indicate the name of any town of which they had never heard, 

the name of each city they had visited (defined as having physically 

been within the town), and the names of places in which they had lived 

for any length of time. 

The questionnaire was administered to 67 students in a senior- 

level Marketing class at The University of Alabama. The students repre¬ 

sented a variety of hometowns within Alabama and elsewhere, but they 

should not be considered as representative of prevailing opinions 

within their home areas. The nature of this study was exploratory and, 

as mentioned previously, no attempt was made to select a sample which 

would be statistically representative of the total population—nor 

were efforts made to secure information from a larger data base than the 

67 students in the particular class used as subjects for this investi¬ 

gation. 
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EVALUATIONS OF ALABAMA CITIES 

The most obvious result noticed upon perusal of the responses was 

that the image of most Alabama towns was unfavorable, even among Ala¬ 

bamians. Of the 96 cities included in the study, the largest percentage 

of responses was in the "unfavorable" category for 79 of them. That 

is, 82.3% of the towns in Alabama of more than 2,500 population were 

negatively perceived by respondents as places to live and work. Towns 

which received particularly negative ratings included Eutaw (79.1% un¬ 

favorable), Tuskegee (75.0%), York and Ozark (68.7% each), and Atmore 

(67.5%). This study did not attempt to determine the motivation for 

such responses, and any attempt at such inferences at this point would 

be mere speculation. Nevertheless, the "mental maps" which the students 

had concerning certain cities in Alabama is less than encouraging in 

terms of the future development of those towns. 

At the other end of the spectrum, a few cities received relatively 

"favorable" ratings. Mobile led all cities in the "favorable" category, 

with 86.6% of the respondents indicating a positive image of the Port 

City. Huntsville was in second place with a 79.1% favorable rating, 

followed by Montgomery at 68.7% positive. Birmingham (64.7%) and Tus¬ 

caloosa (58.2%) also received favorable ratings from a majority of 

respondents. In the case of all other cities tested, fewer than half 

of the students reacted favorably. 

Analysis of the "indifferent" answers provided some interesting 

results in terms of cities which received a large percentage response 

in that category. An "indifferent" response indicated that the student 

had heard of the city, but did not feel that he had enough information 

about the town to evaluate it one or the other as a place to live and 

work. The Alabama city with the largest percentage of "indifferent" 

responses was Decatur, with 45.5%—almost half-—of the respondents 

answering that category. Other cities with large percentages of in¬ 

different responses included Anniston (44.7%), Alexander City (43.3%), 

Demopolis (41.8%), and Talladega (40.3%). Of the students who expressed 

a positive or negative reaction to the cities with large indifferent 

responses, more were favorably-disposed than negatively-oriented toward 

Decatur and Anniston, but felt the opposite way about Alexander City, 

Demopolis, and Talladega. In fact, the percentage of negative responses 

toward those three cities was actually larger than the percentage of 

indifferent reactions. 

The fourth category of responses concerned cities about which a 

substantial percentage of the respondents had never heard. This cate¬ 

gory was differentiated from that of "indifferent" responses in that an 

"indifferent" response presumed that the respondent had heard of a 

city, but simply did not have an opinion concerning it. Three towns 

in Alabama were unknown to one-third or more of the respondents. Almost 

half (44.8%) had never heard of Bayou La Batre, a town of 2,664 in south¬ 

west Mobile County, while similarly large numbers of respondents were 

not familiar with Headland (population 2,545) or Daleville (population 

5,182). The lack of familiarity with Daleville was particularly in¬ 

teresting, since Daleville has been one of the fastest growing towns in 

Alabama because of the influence of nearby Fort Rucker. Other towns 
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with which sizeable percentages of respondents were unfamiliar included 

Hartford and Brundidge, towns in southeast Alabama which were unknown 

to 32.9 and 29.9% of respondents, respectively. 

Cross-tabulations of available data indicated that cities which 

had the most favorable images among the 67 respondents were those 

places which were among the larger cities of the state (Birmingham, 

Mobile, and Huntsville, for example). In addition, cities which 

received favorable ratings from the students tended to be in North 

Alabama as opposed to the southern half of the state. Considering 

that tendency, the fact that cities with favorable images were pre¬ 

dominantly located in the growth areas of Alabama was not particularly 

surprising. 

LIVING AND VISITING PATTERNS 

As noted previously, the questionnaire as administered to the 

students also asked them to indicate whether they had lived or visited 

in each town. While the aggregate results did not have an evaluative 

meaning, they were nevertheless interesting in that they indicated to 

some extent the degree to which respondents were familiar with the 

state from personal experience. Such personal experience should have 

made the perceptions of those cities more clear in the students' minds. 

A limitation which one should remember, however, is that the element of 

time (a key influence on perception) was not ascertained in this study. 

That is, the respondent was asked simply to indicate whether he had 

lived in or visited a particular city—not when that residence or visit 

took place. Those who had visited a town in the recent past presumably 

would have had a greater basis for opinion than a respondent who had 

not been in the city for several years. 

The determination of respondent characteristics relative to 

living or visiting the cities was useful in that the greater the ex¬ 

posure of respondents to Alabama cities, the more solid the basis for 

their images. In examining the data concerning living and visitation 

in Alabama, the researcher naturally excluded Tuscaloosa, since all 

respondents lived there (at least during the academic year) and since 

the study was conducted in that city. 

Living in a particular city may have contributed to a favorable 

image, since comparison of the responses indicated that the students 

tended to rate cities in which they had lived more favorably than 

those towns which they had merely visited and considerably more 

favorably than places which they had not visited. While no statis¬ 

tical tests were performed on the data because of the small sample 

size, the differences in images by cross-tabulated groups of data are 

nevertheless interesting and suggestive of need for further invest¬ 

igation. 

The places of residence for respondents to this study were highly 

concentrated in that almost half of the students resided in five of 

the 96 cities (or had lived in one or more of those five at some time 

in the past). Fifteen of the 67 respondents (22.4%) indicated that 

they had lived in Birmingham—not a surprising figure in view of the 
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large number of Jefferson County students at The University of Alabama 

(10). Seven of the 67 students (10.4%) listed Huntsville as their 

hometown, while the same number said that they were from Mobile. Again 

those percentages were not particularly unexpected in view of the size 

of Huntsville and Mobile and the proportionately large numbers of 

students which come to the University from those cities. Other towns 

with four or more respondents included Anniston (5 respondents or 7.5%) 

lived in 54 of the 96 cities included on the study questionnarie. Ten 

respondents indicated that their hometowns were outside of Alabama. 

As far as visitation was concerned, however, the responses were 

more diverse. All of the 96 towns had been visited by at least five 

of the students. Everyone in the response group had visited in Birming¬ 

ham, and all but one had been to Bessemer. Neither of those responses 

was unexpected because of the proximity of Birmingham to Tuscaloosa, 

events such as Alabama football games held in Birmingham, and the fact 

that one almost necessarily passes through Bessemer in driving to 

Birmingham from Tuscaloosa. Montgomery had been visited by 63 of the 

67 respondents, followed closely by visits to the Birmingham suburb of 

Mountain Brook. Fifty-eight of the respondents indicated that they had 

been to Anniston. 

At the other extreme, only five of the 67 students had visited 

Daleville, one of the towns that was high on the list of unknowns dis¬ 

cussed earlier. Bridgeport, a town of 2,908 in extreme northeast 

Alabama, had been visited by only eight respondents, but did not appear 

on the list of towns which were unknown to a large percentage of re¬ 

spondents. The same was true of Geneva and Madison, towns at opposite 

ends of the state which had been visited by few respondents. Headland 

and Hartford, on the other hand, were towns which had been visited by 

few of the students and of which relatively large percentages of re¬ 

spondents indicated that they had never heard. Clearly those were the 

towns least known to the Alabamians who responded to the survey. The 

out-of-state students did not appear to have traveled extensively with¬ 

in Alabama. 

The fact that the most visited cities were also among the larger 

cities of the state (or adjacent to them) provided some interesting 

material for speculation. One is tempted to ask: had the respondents 

really visited these towns in greater percentages, or was it simply that 

the size or nature of the city was such that the students simply per¬ 
ceived. the town more clearly? What are the implications of the fact 

that many respondents could not easily have been to certain towns which 

they said they had without passing through some other urban places 

which they claimed not to have visited? These are questions for future 

research and for further study in the investigation which grows out 

of this preliminary effort. 

It is also interesting to note that some of the cities which 

were hometowns for several of the students were also those which 

registered highly favorable reactions from the response group. That 

reaction may have been due to the hometown nature of the city and the 

fact that perception of the town was therefore more clearly defined 

in the student's mind, or the response may simply have been due to the 
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nature of size of the city rather than to any specific respondent char¬ 

acteristic. Again these are subjects for future research, since the 

perception of one's hometown may be important in maintaining an input of 

college-trained individuals into Alabama cities rather than having them 

leave the state for seemingly greater opportunities elsewhere. 

SUMMARY AND CONCLUSIONS 

The results of this preliminary investigation suggested to some 

degree that the perception of an individual concerning geographic 

entities (cities in this case) may be influenced by certain factors 

such as personal experience, size of city, nature of the town, or by 

location within the state. While this investigation was preliminary, 

and the results highly tentative, we can nevertheless make some obser¬ 

vations based upon the study data. 

Response Patterns 

First, most cities in Alabama had negative images among the univer¬ 

sity students who served as subjects for this study. Such an image is 

important in that a town may find it difficult to attract back its own 

young people after graduation from college—not to mention the problems 

which towns might have in drawing college-trained individuals from else¬ 

where, either inside or outside of Alabama. Even if the towns are suc¬ 

cessful in attracting residents, they may have difficulty in drawing 

tourists or others whose money could enrich the local economy. Clearly, 

the cities with highly negative images face a tremendous challenge from 

a marketing standpoint. Future research which determines as accurate¬ 

ly as possible the motivations for such negative perceptions may go 

far in assisting towns to improve their images in the long run, but 

the short-range outlook is not optimistic. 

Cities with large percentages of "indifferent" responses have a 

better opportunity to accomplish an image change. Indifference implies 

that the respondent has no image—positive or negative. In such cases, 

the tools of marketing communications (advertising, public relations, 

and personal selling) may be used effectively in order to move the image 

of a town from one of indifference toward the favorable end of the spec¬ 

trum (5). Such changes are particularly possible in the case of cities 

which have a generally favorable image among those respondents who were 

not indifferent. 

Southeast Alabama particularly contained a number of towns which 

were unknown or unvisited by large percentages of respondents. Rather 

than embarking on a marketing communications campaign on a city-by-city 

basis, towns in southeast Alabama might join together in a concerted 

effort to attract attention to the area and to its municipal components. 

Dothan, the central city of that region, had a relatively favorable 

image amoung the students, but knowledge of the area did not seem to 

have penetrated much beyond Dothan. If towns such as Daleville, Head¬ 

land, Hartford and Brundidge are to present positive images for the 

attraction of people, industry, or tourists, they must make themselves 

known in a favorable light to a greater extent than they apparently 

have in the past. 
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The larger cities in Alabama (or those with favorable images) are 

not in a position of being able to rest on their laurels, however. Time 

and competition are two elements which can greatly affect the consumer's 

image of a product, service, or idea. In this case, the product (a city) 

must first be communicated to the consumer in a favorable light. Once 

that is accomplished, however, the town must ensure that the consumer 

continues to have that positive image. Otherwise, some other enter¬ 

prising city may cause the perceptual field of the consumer to change, 

with possibly detrimental results for the unwary town resting on the 

assumption that its image was favorable. 

Guidelines for Development 

A problem in any kind of image research is the fact that objective 

reality relative to certain subjects is not necessarily within the 

consumer's perceptual field. The consumer has a version of reality with¬ 

in that field, but his version may not correspond with the facts. From 

the standpoint of the city trying to attract new residents, new industry, 

or new tourists, the facts are not really so important as what the con¬ 

sumer believes the facts to be. This is not to suggest that cities 

should distort facts concerning themselves, but rather that cities should 

adopt an image strategy which leads to a favorable image of the town. 

Such a strategy necessarily implies that the cities should undertake 

research into their own images and should not rely on intuitive local 

estimates of reaction to the town. 

Regardless of the nature of the city or of its images, a need 

exists for future research into this area of perception. The exigencies 

of today's economy indicate that cities—like products, services, or 

ideas—must adapt to the wants and needs of consumers. This marketing 

concept is a guideline for future development of cities as well as of 

products. In these days when the population of the United States appears 

to be even more mobile than ever, when large numbers of people are de¬ 

serting small towns and rural areas for life in the large cities (4), 

some of our cities in Alabama and elsewhere must undertake such efforts 

in order to survive as viable economic entities. An investigation and 

understanding of the "mental maps" of consumers may be a step in that 

direction. In any event, such research constitutes a key to effective 

use of the limited resources with which most cities must deal. 

The objective of this preliminary investigation has been to deter¬ 

mine something of the mental images which certain Alabamians had con¬ 

cerning selected cities of this state. In addition, the research was 

designed to generate some ideas for future study. This effort, there¬ 

fore, represents a first step. The larger investigation to follow, as 

well as other work planned for the future, is designed to explore addi¬ 

tional areas of this question with the objective of making Alabama a 

better place to live and work. 

117 



Journal of the Alabama Academy of Science 

LITERATURE CITED 

1. Aangeenbrug, Robert T. 1968. Regional perception and its effect 

on industrial location. Kansas Bus. Rev. 21: 3-4. 

2. Berio, David K. 1960. The process of communication. Holt, 

Rinehart and Winston, New York, pp. 117-118, 229. 

3. Boulding, Kenneth E. 1963. The image. University of Michigan 

Press, Ann Arbor, p. 6. 

4. Farichild, Charles K. Transfer of population from rural to urban 

areas. 1969. Labor Law Journal 20: 461-496. 

5. Heidingsfield, Myron S. 1968. Changing patterns in marketing. 

Allyn & Bacon, Inc., Boston, p. 94. 

6. Howard, John A. 1963. Marketing: executive and buyer behavior. 

Columbia University Press, New York, p. 146. 

7. McCarthy, E. Jerome. 1971. Basic marketing: a managerial 

approach. Richard D. Irwin, Inc., Homewood, Ill., pp. 136- 

137. 

8. Myers, John G. 1968. Consumer image and attitude. Graduate 

School of Business Administration, University of California, 

Berkeley, pp. 28-30. 

9. 1970 General popultion characteristics- Alabama. [PC (1) - B2]. 

1971. U.S. Department of Commerce, Bureau of the Census, 

Washington, pp. App 3, App 4. 

10. University of Alabama enrollment distribution by county within 

Alabama, spring semester 1973. 1973. Records Office, The 

University of Alabama, University, pp. 1-8. 

118 



Protest Vote in Alabama 

THE PROTEST VOTE IN ALABAMA, 1892-1896 

Karl Louis Rodabaugh 

Division of Continuing Education 

East Carolina University 

Greenville, North Carolina 

Traditional reservoirs of historical lore—the newspapers 

of the time and the accounts of contemporaries—have been of inesti¬ 

mable value to historians in answering most questions concerning Alabama's 

political revolt of the 1890s.1 But some questions cannot be answered 

so easily, because in regard to them those same reservoirs are virtually 

barren. One such question, and one also crucial to an understanding of 

the political revolt, is which regions of Alabama, with what character¬ 

istics, gave the most support to Reuben F. Kolb and Albert T. Goodwyn 

—the gubernatorial candidates of the protest parties? 

To solve the riddle of the protest vote, a number of sets of 

variables comprised of statistics of population, agricultural production, 

farm tenure, farm size, and farm value for each of Alabama's sixty-six 

counties, were tested for the closeness of the linear relation between 

each other and between the percentages of the 1892, 1894, and 1896 

gubernatorial votes received in each county by Kolb and Goodwyn.2 The 

task was made easier, and the results were assured of greater accuracy. 

1 See: John Bunyan Clark, Populism in Alabama (Auburn, Ala.: 

Auburn Printing Company, 1927); Sheldon Hackney, Populism to Pvogress- 
ivism in Alabama (Princeton, N.J.: Princeton University Press, 1969); 

William Warren Rogers, The One-Gallused Rebellion: Agrarianism in 
Alabama, 1865-1896 (Baton Rouge, La.: Louisiana State University 

Press, 1970). 

2The sets of variables were derived from tables of statistics in: 

U.S., Bureau of the Census, Eleventh Census, 1890; Report on Population, 
I, part 1, pp. 754, 402, 52-59; Eleventh Census, 1890: Report on Farms 
and Homes, Proprietorship and Indebtedness, XIII, p. 430; Eleventh Census, 
1890: Statistics of Agriculture, V, pp. 460, 393, 356, 198, 120-121; 

U.S., Bureau of the Census, Twelfth Census, 1900: Population, I, part 

1, pp. 970, 529, 54-63; Twelfth Census, 1900: Agriculture, V, part 1, 

pp. 266, 58-59. Election statistics were taken from: Manuscript 
Election Returns, Alabama Gubernatorial Elections, 1892, 1894, 1896, 
Files of the Secretary of State, Alabama Department of Archives and 

History, Montgomery. Those sets of variables are: the percentages of 

whites in the populations of Alabama's sixty-six counties; the per¬ 

centages of blacks in the populations; the percentages of tenant farms 

(computed by dividing the sum of all categories of non-owner-operated 

farms in each county by the total farms); the percentages of farms less 

than 100 acres (computed by dividing the number of farms less than 100 

acres in each county by the total farms); the percentages of corn and 

oats acreage (computed by dividing the sum of corn and oats acreage in 

each county by the sum of corn and oats acreage plus cotton acreage); 

the percentages of cotton acreage; the average farm size in acres in 
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by using an IBM Series 360, Model 50, computer to complete a standard¬ 

ized program for determining product-moment coefficients of correlation, 

and for plotting data on scatter-diagrams.1 

The roost striking results provided by the computer are the high 

positive correlations between the percentages of the vote for Kolb and 

Goodwyn and the percentages of the counties' populations that were white 

(see Table 1). Although the nature of the black vote may never be de¬ 

termined precisely (because Democratic election frauds, which were 

most blatant in the counties of most concentrated Negro population, 

make election statistics from those counties unreliable), it is clear 

that the areas in which the whites were most prevalent gave Kolb and 

Goodwyn their largest pluralities (see Table 1 and Figures 1, 2, and 3). 

For example, in Chilton County (78.9% white) Kolb received 71% of the 

1892 vote, and Goodwyn received 66% in 1896; in Fayette (86.8% white) 

Kolb secured 72% in 1892 and Goodwyn captured 60% four years later; 

Lawrence (60.5% white) gave Kolb 79% and Goodwyn 65%. 

A heavy white population was the most common trait of counties 

having a large protest vote, but a preponderance of whites was not the 

only characteristic of Kolb-Goodwyn counties. Those counties also 

were largely rural and agricultural, ' and tended to be the regions of 

each county; the percentages of farms farmed by owners (computed by 

dividing the number of owner-operated farms in each county by the total 

farms); the average cash value of farms in each county; the average 

cash value of farm products in each county; the average annual in¬ 

terest rate in each county; the percentage increases in tenancy, 1890- 

1900, in each county (computed by subtracting the percentage tenant 

farms in 1890 in each county from the percentage tenant farms in 1900); 

and the percentages of the vote for Kolb in 1892 and 1894 and for 

Goodwyn in 1896 in each county. 

- The standardized program (BMD 02D) was prepared in FORTRAN by 

the Health Sciences Computing Facility, University of California at 

Los Angles. 

4 The percentages were derived from: Eleventh Census, 1890: 
Report on Population, I, part 1, p. 754; and. Manuscript Election 
Returns, 1892, 1896. 

5 This conclusion is based on a comparison of election statistics 

derived from. Manuscript Election Returns, 1892, 1894, 1896, with 

agricultural and population statistics derived from. Eleventh Census, 
1890: Agriculture, V, part 1, p. 266; and. Eleventh Census, 1890: 
Report on Population, I, part 1, pp. 754, 52-59. 
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farmed by owners 

Variable 2 percentage 

tenant farms 

Variable 3 percentage farms 

less than 100 acres 

Variable 1 percentage Negro 

Variable 0 percentage white 

Variable 14 percentage 

Goodwyn, 1896 

Variable 13 percentage 

Kolb, 1894 
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greatest production of corn and oats in relation to cotton (see Table 

1 and Figures 4 and 5). Although they were the counties with the 

lowest average cash value of farm products, they contained more owner- 

operated, self-sufficient farms, with a higher average acreage per 

farm, than did the predominantly Negro counties, which were the areas 

of the most tenancy, the smallest farms, and the highest average cash 

value of farm products (see Table 1 and Figures 6, 7, and 8).6 Kolb- 

Goodwyn counties, because they contained fewer tenant farms in 1890 

than did the predominantly Negro counties, suffered the greatest 

percentage increases in tenancy, 1890-1900 (see Table 1 and Figures 

9, 10, and 11). 

Areas of the largest protest vote, in addition, were related to 

soil regions of Alabama. While there were several exceptions, counties 

in the regions of the poorest soils generally gave Kolb and Goodwyn 

larger percentages than did those in the regions of the best soils 

(see Table 2 and Figures, 12, 13, 14, and 15). Lawrence County, located 

in the infertile Coal Measures soil region of North Alabama, returned 

79% for Kolb in 1892, 73% for Kolb in 1894, and 65% for Goodwyn in 

1896; and Geneva County, in the extreme southern part of the Long-Leaf 

Pine region of sandy, sour soils, gave the same candidates over 60% 

in each of the three elections. Most of the counties in the fertile 

Central Prarie region, the region of the greatest cotton production 

per square mile, returned less than 20% of their votes for Kolb and 

Goodwyn.7 

From the characteristics of the Kolb-Goodwyn counties, con¬ 

clusions may be drawn in regard to the protest vote. Areas that 

awarded Kolb and Goodwyn the largest percentages of the vote, in most 

cases, were chiefly rural and agricultural, and were inhabited by land¬ 

owning white small farmers who operated self-sufficient farms, often 

in the regions of the poorest soils, and who produced relatively more 

corn and oats than cotton. Kolb-Goodwyn counties also were the areas 

of the highest percentage increases in tenancy, 1890-1900. 

As Table 1 illustrates (note the two highlighted clusters of 

high correlations) the characteristics of Kolb-Goodwyn counties not 

only show a marked linear relation to the percentages of the protest 

6Because the self-sufficient farms in the white counties marketed 

very little surplus, the heavily Negro cotton-producing counties where 

little besides the cash-crop staple was grown, had the highest cash 

value of farm products. 

7Ala., Department of Agriculture, A General Description of the 
State of Alabama (Montgomery: W. D. Brown and Company, 1884), pp. 

12-16, 40-43, 45, 33-34, 36-38; B. F. Riley, Alabama As It Is: or, 
the Immigrant’s and Capitalist's Guide Book to Alabama (Atlanta: 

Constitution Publishing Company, 1888), pp. 117-118; Manuscript 
Election Returns, 1892, 1894, 1896. 
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TABLE 2. SOIL DIVISIONS OF ALABAMA® 

Division Region Sub-region Soil Characteristics 

NORTHERN Coal 

Measures 

The soils are generally very poor; 

they are comprised of 90.7 percent 

sand and other siliceous materials, 

and are deficient in lime and 

phospheric acid. 

Tennessee 

Valley 

Most areas of the Tennessee Valley 

contain very fertile, deep-red, 

calcareous soils, but parts of 

Lauderdale, Limestone, and Madison 

Counties have inferior, sandy 

soils. 

MIDDLE Metamorphic Two principal soils are found in 

the Metamorphic region, a red soil 

with a high iron content that is 

best suited for corn production, 

and a gray soil best suited for 

cotton production 

Coosa 

Valley 

The soils vary from a fertile 

reddish-brown calcareous loam to 

a very poor gray siliceous soil 

filled with gravel. The hilly 

areas contain the worst soils, 

while the bottom lands are 

generally fertile. 

SOUTHERN Oak and 

Hickory 

Uplands 

with 

Short-Leaf 

Pine 

This region contains red or yellow 

loams that yield well when fresh, 

but they are soon exhausted. The 

soils yield corn better than 

cotton. 

Oak and 

Hickory 

Uplands with 

Long-Leaf 

Pine 

Brown- 

Loam 

Uplands 

The brown-loam, sandy soils of 

bottom lands in this sub-region 

are among the best in Alabama; in 

scattered localities, however, the 

soils are too sandy. 
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TABLE 2 (Continued) 

Division Region Sub-region Soil Characteristics 

Pine 

Uplands 

The very sandy soils are generally 

too poor for cultivation. 

Central 

Prarie 

This region, generally referred to 

as the black-belt, contains fer¬ 

tile, black calcareous soils. 

Post-Oak 

Flatwoods 

The dark-gray soils, produced by 

the disintegration of laminated 

clay, are deficient in lime and 

vegetable materials. 

Lower 

Prarie 

The gently-rolling hills of this 

region are blanketed by very 

fertile, black calcareous soils, 

but the soils are stiff and 

difficult to cultivate. 

Long-Leaf 

Pine 

Although the region contains little 

good farm land, the soils produce 

grasses necessary for stock- 

raising. In the lower part of the 

region, however, the sandy, sour 

soils are not suited for cultiva¬ 

tion. 

Alluvial During the 1890s, the swampy lands 

of the Alluvial region were 

generally not cultivated. 

Ala., Department of Agriculture, A General Description of the State 
of Alabama (Montgomery: W. D. Brown and Company, 1884). pp. 7-17, 

19-21, 24-39, 33-34, 40-43; Saffold Barney, Hand-Book of Alabama: A 
Complete Index to the State, with Map (Birmingham, 1892). pp. 423-448. 

135 



Journal of the Alabama Academy of Science 

136 

F
IG

U
R

E
 

1
2

. 
S

o
il
 

m
a
p
 

o
f 

A
la

b
a
m

a
 

F
IG

U
R

E
 

1
3

. 
G

u
b
e
r
n
a
to

r
ia

l 
v
o
te

, 
1

8
9

2
: 

p
e
r
c
e
n
ta

g
e
s

 

f
o

r
 

K
o
lb

. 



Protest Vote in Alabama 

137 

F
IG

U
R

E
 

1
4

. 
G

u
b

e
r
n
a
to

r
ia

l 
v
o
te

, 
1
8
9
4
: 

p
e
r
c
e
n

t-
 

F
IG

U
R

E
 

1
5

. 
G

u
b
e
r
n
a
to

r
ia

l 
v
o
te

, 
1

8
9

6
. 

p
e
r
c
e
n

t¬
 

a
g

e
s
 

f
o

r
 

K
o
lb

. 
a
g
e
s
 
f
o
r
 

G
o
o
d
w

y
n
. 



Journal of the Alabama Academy of Science 

vote, but also to one another.8 There is a .85 correlation between white 

population and the percentages of farms farmed by owners. Likewise, the 

correlation is .81 between corn and oats production and the percentages 

of farms farmed by owners, .75 between corn and oats production and white 

population, and .69 between average farm size in acres and the percent¬ 

ages of farms farmed by owners. These correlations show that Kolb- 

Goodwyn counties shared many important characteristics and, obviously, 

lend support to the generalizations that have been made about the nature 

of those counties. 

The nature of the Kdlb-Goodwyn counties suggests, moreover, that 

the protest vote was spawned primarily by economic distress-which was 

felt most keenly by the white small fanners. When one considers the 

plight of the average Alabama farmer in the late nineteenth century, it 

is not difficult to understand why the landowning white small farmer, 

who was aware of the increasing numbers of his neighbors that were 

dropping to the status of tenancy, and who was angered by the adverse 

economic conditions of the 1890s, became disaffected with the traditional 

political leadership, and supported parties such as those of Kolb and 

Goodwyn, which challenged the established leaders and, no matter how 

vaguely, promised to destroy the farmers' enemies and to provide economic 

relief. 

8When referring to Table 1, attention should be given to the manner 

in which the variables which relate highly to the percentages of the vote 

for Kolb in 1892 also relate highly to the percentages of the protest 

vote in the other elections. Also, notice how the variables which correlate 

at a low level with the protest vote in one election correlate at a low 

level with the protest vote in the other elections. 
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MIXED CULTURE OF CATFISH WITH BLACKTAIL REDHORSE SUCKERS 

Ronald H. Kilgen1 

Department of Fisheries and Allied Aquacultures 

Auburn University, Auburn, Alabama 

ABSTRACT 

Mixed culture of 2,000 channel catfish fingerlings and 1,000 black- 

tail redhorse (Moxostoma poecilurum) fingerlings per acre, at the Auburn 

University Agricultural Experiment Station, Auburn, Alabama, yielded an 

average of 1,563 lb/acre and 97% survival for catfish, with a feed con¬ 

version of 2.3 and an average weight of 0.80 lb. The blacktail redhorse 

yielded 219 lb/acre, with 75% survival and an average weight of 0.29 lb. 

Catfish control ponds yielded 982 lb/acre of catfish, with 87% survival 

and 2.3 feed conversion. Catfish were fed 6 days a week at rates 

according to their body weight. Blacktail redhorse ponds, with fer¬ 

tilizer added, yielded 159 lb/acre, 95% survival, and an average weight 

of 0.17 lb. The experiment lasted 235 days. 

INTRODUCTION 

Experience has shown that the dissolved oxygen content of pond 

water is the single most important factor limiting fish production in 

ponds with daily feeding. Oxygen is removed from ponds by both living 

and dead plants and animals, and by decomposition of wasted feed and 

biotic wastes. It has been shown that, when feed is given to fish in 

ponds without flowing water at a rate exceeding 35 lb/A/day during the 

hot summer months, the fish culturist runs the risk of losing his entire 

crop due to oxygen depletion. If the substances causing oxygen deple¬ 

tion can be removed from the pond water, so that catfish can be stocked 

at high rates and provided increased amounts of feed, the carrying 

capacity of the pond may be proportionately increased. 

Different methods, including aeration, filtration, raceways, and 

others have been tried in an attempt to meet the oxygen demand of de¬ 

composing matter, and/or to increase the oxygen supply to the respiring 

catfish. A method which can possibly remove waste material and plankton 

before decomposition begins, thus decreasing the oxygen demand, is that 

of stocking a mixture of several different fish species which have 

complementary feeding habits. That is, two or more species of fishes 

(or other aquatic animals) can be cultured in the same pond in order to 

utilize the pond to its maximum carrying capacity, if the different 

species have different feeding habits. 

Work has been done on this type of fish culture in Israel with 

carp and other species. Yashouv (3) reported that Tilapia aurea 
increased total productivity by 30% when stocked along with carp. In¬ 

creased production also occurred when T. aurea and two mullet species 

Present address. Department of Biological Sciences, Nicholls State 

University, Thibodaux, Louisiana. 
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were stocked in carp ponds (4). At Auburn University, in Alabama, 

Swingle (5) stocked T. mossambica with channel catfish and produced an 

increase of 400 lb/A over ponds with channel catfish alone. Feed con¬ 

version rates ("S") were the same. Ponds stocked with channel catfish 

and T. aurea gave similar results. Kilgen (6) stocked T. aurea with 

channel catfish, and obtained 3,010 lb/A Tilapia and 2,790 lb/A 

channel catfish. The Tilapia ate wastes and plankton, allowing feeding 

rates of up to 100 lb/A/day. Feed conversion for the catfish ranged 

from 1.2 to 3.0. 

The present experiment was designed to determine whether the 

blacktail redhorse (Moxostoma poeoilurum) could substantially increase 

the yield of catfish by removing waste materials. Specific objectives 

were to determine (1) the effects of blacktail redhorse on the growth 

and production of channel catfish, and (2) the growth rate and survival 

of blacktail redhorse in fertilized ponds. 

METHODS 

The experiment was conducted in six ^-acre earthen ponds, located 

at the Auburn University Agricultural Experiment Station, Auburn, 

Alabama. Each pond has an average depth of 3.5 ft. Three treatments 

were included in the experimental design, with two replications per 

treatment. The treatments were completely randomized in order to mini¬ 

mize pond location effects. A list of treatments and sizes of fishes 

stocked is given in Table 1. 

Ponds were stocked on 18 February 1970 and drained 12-16 November 

1970. Catfish were fed daily except Sunday from 9 March until a day or 

two prior to draining. They were given Auburn No. 2 pellets at a daily 

rate of approximately 3/ of body weight through August. All ponds were 

seined monthly for growth checks, and feeding adjustments were made 

weekly. The weight of blacktail redhorse was disregarded in calculating 

feed allotments in mixed-culture ponds, and they were not fed in mono¬ 

culture ponds. All ponds received 5 monthly applications of 8-8-2 in¬ 

organic fertilizer at the rate of 100 lb/A, in order to produce natural 

food for the catfish and blacktail redhorse. 

The fingerling channel catfish and blacktail redhorse were the 

result of artificial spawning of adults the previous year. The blacktail 

redhorse was chosen for this mixed culture experiment because of its 

observed habit of eating plankton and debris off the bottom of ponds. 

Many of the catfish had deformities such as multiple anal and/or caudal 

fins, and curved spinal columns. 

RESULTS AND DISCUSSION 

Production obtained after feeding the catfish for 216-218 days is 

summarized in Table 2. Poor feed conversion ratios in both the control 

ponds and mixed cultures was probably due to overfeeding for the last 

two months prior to draining. Overfeeding was caused by the preparation 

of a feeding schedule in August for the remainder of the experiment, 

based on seine samples which showed "S" ratios of 1.8 for the catfish 
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TABLE 1. 
culture 

Treatments 
experiments 

and sizes of fishes ; stocked per acre in mixed 

Treatment Channel Catfish Blacktail Redhorse 

No. Ponds No. per acre Avg wt (g) No. per acre Avg wt (g) 

I F-2.F-4 2,000 3.4 0 — 

II F-6.F-7 0 — 1,000 5.4 

III F-5.F-8 2,000 3.4 1,000 5.4 

controls and 1.3 for those in mixed culture. Seine samples were not 
taken in September and October. 

"S" values, although not statistically different, are significant 
in that catfish in mixed culture produced 587 lb/A more than the control 
ponds (59% increase), a 10% higher survival rate, and averaged 0.25 lb 
heavier (45% increase). A possible reason for higher yields is that the 
addition of the blacktail redhorse allowed feeding at rates up to 83 
pounds/A/day without oxygen depletion. The redhorse probably did con¬ 
sume some feed, but not enough to affect feed conversion. Although 
stomach analyses were not conducted in this study, previous work (7) 
indicated that the blacktail redhorse will consume natural foods even 
when supplemental feed is provided for them. In this experiment, the 
blacktail redhorse might have eaten fish wastes and other organic matter 
which eventually would have caused oxygen depletion. From 21 September 
to draining, mixed culture catfish were fed 30 to 83 lb/A/day, while con¬ 
trol catfish received 10 to.45 lb/A/day. Cursory examinations of dis¬ 
solved oxygen showed concentrations above 5 ppm in all ponds. 

The increase in production and in average weight of the blacktail 
redhorse in mixed culture ponds might have been due to their eating 
some of the supplemental feed, or more probably to the increase in 
natural food organisms resulting from feed wastes. The redhorse did not 
attain marketable size of one lb in either the mixed culture ponds or 
the control ponds. 

It was observed that blacktail redhorse in these experiments 
could not withstand rough handling, particularly at temperatures near 
29 C. This is a stream species, but could probably be bred for domes¬ 
tication in pond culture. Although results of this experiment indicated 
increased production and survival of catfish when stocked with the 
blacktail redhorse, more work must be done with this combination to 
determine if the latter species is desirable in terms of complementary 
feeding habits, hardiness, and market value. 
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FUNGI OF ALABAMA. I. DEMATIACEOUS HYPHOMYCETES 

G. Morgan-Jones 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

INTRODUCTION 

During the middle and latter part of the last century mycological 

exploration of North America, to which the careful work of von Schweinitz 

(1822, 1832) had earlier given a notable start, was extended to the 

southeastern part of the continent. Both M. J. Berkeley in England, to 

whom numerous collections were forwarded, and M. A. Curtis in North 

Carolina, devoted their attention to fungi collected in this area and 

described many new taxa. Among the collectors who submitted material to 

Curtis was T. M. Peters of Moulton, Alabama. His field work marks the 

commencement of the study of fungi in Alabama. He discovered many 

new species of fungi in north Alabama and his unpublished manuscript 

catalogue of Alabama fungi contained over five hundred entries. Novel 

species collected by him were named and described by Berkeley and Curtis 

in their Notices of American Fungi. His early collections were sent 

to H. W. Ravenel in South Carolina and distributed by him in his Fungi 
Caroliniani Exsiccati. Specimens from southeastern Alabama were also 

sent to Curtis, by J. F. Beaumont, and these too were described in the 

Notices. A total of 227 fungi collected in the state were reported 

in this series. Following this activity, extensive collecting of fungi 

in this region lapsed for a period of some thirty years until several 

scientists at the then Alabama Polytechnic Institute at Auburn initiated 

their mycological studies. Atkinson (1897) , based on studies conducted 

in the vicinity of Auburn from 1889 to 1892, listed 644 fungi, while 

Underwood and Earle (1897) in a preliminary list of Alabama fungi 

enumerated 1,110 species. A comprehensive list of Alabama fungi was 

subsequently prepared by Earle (Mohr, 1901). 

Throughout the present century documentation of the mycological 

flora of the state has continued but attention has largely been directed 

to fungi of significance to agriculture because of their pathogenicity, 

or known to be associated with agricultural soil and crops. The recent 

list by Hanlin (1973) of fungi associated with the peanut plant is a 

good example. 

The fungi of the southeastern United States are still less known 

than those of many other regions of the continent and certainly of 

Europe. While the fungi occurring in Europe are isolated from those of 

tropical Africa by the Mediterranean Sea and the Sahara Desert, there 

is no such isolation in North America where a number of tropical species 

are distributed as far north as the Gulf States. This makes the fungal 

flora of Alabama and adjacent states all the more interesting, since 

here lies the key to an understanding of the limits of occurrence and 

the ecology of both tropical and north temperate species. Much, how¬ 

ever, remains to be done to adequately document the fungal flora of 

Alabama, which is so diversified in its plant life from the highlands 

in the north to the gulf coast in the south. Many of the fungi 
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recognized by the early investigators need to be recollected and there 

are, undoubtedly, many taxa yet to be newly discovered in the region. 

In this series of papers, new data will be presented on the fungal 

flora. New and noteworthy records of fungi of all groups collected in 

the state will be presented and organisms of especial interest, due to 

their novelty or rarity of occurrence, will be fully described and 

illustrated. Fungi that have been inadequately treated in the past will 

be redescribed, as will fungi of particular significance to scientists 

working in agriculture in the state. 

In this publication, the first of the series, ten dematiaceous 

hyphomycetes are reported upon. 

TAXONOMIC PART 

Cordana pauciseptata Preuss, Linnea 24:129, 1851 (Fig. 1). 

Colonies effuse, black, hairy. Mycelium mostly immersed in the sub¬ 

stratum, composed of branched, septate, pale brown hyphae, 1.5-2 p wide. 

Conidiophores macronematous, mononematous, usually straight or slightly 

flexuous, simple, brown, paler towards the apex, smooth-walled, swollen 

at the apex and frequently in an intercalary position, 3.5-5 x 80-200 p. 

Conidiogenous cells polyblastic, integrated, terminal or intercalary, 

sympodial, doliiform to subglobose, bearing a number of small denticles. 

Conidia solitary, acropleurogenous, simple, ellipsoidal, smooth-walled, 

1- septate, brown with a thick dark band at the septum, 8-10 x 5-6.5 p. 

On decorticated wood, Chewacla State Park, Lee County, Alabama, 25 

April 1974, E. A. Wiggins, AUA. 

Curvularia fallax Boedijn, Bull. Jard. Bot. Buitenz., Ill, 13:129, 1933 

(Fig. 2). 

Colonies effuse, dark brown to black, cottony. Mycelium Immersed 

in the substratum, composed of branched, septate, pale brown hyphae, 

2- 4.5 p wide. Stromata formed abundantly in culture, erect, straight or 

slightly flexuous, branched, cylindrical, frequently somewhat inflated 

at the distal end of the branches, black. Conidiophores macronematous, 

mononematous, mostly flexuous, somewhat geniculate or nodose in the 

conidiogenous region, brown, usually paler towards the tip, 80-240 x 

4-5 p. Conidiogenous cells polytretic, integrated, terminal and inter¬ 

calary, sympodial, irregularly cylindrical, frequently swollen, especially 

those in an intercalary position. Conidia solitary, acropleurogenous, 

simple, slightly curved, ellipsoidal, 4-septate, smooth-walled, pale 

brown to brown, central cell larger and darker than the end cells, and 

appreciably thicker walled, tapering gradually towards each end, apex 

broadly obtuse, base slightly truncate, 23-29 x 10-14 p. 

On Populus italioa L. var. italioa Muenchh; Auburn, Alabama, May 1972. 

R. Rodriguez-Kabana. Dried cultures AUA, NY. 

Colonies on potato dextrose agar floccose to cottony, becoming 

felted as the colony ages, pale olive brown to dark brown, producing 
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stromata in concentric zones. Reverse yellowish brown to black. 

C. faltax is known mainly from tropical regions where it has been 

recorded on such hosts as Cocos, Musa, Oryzae and Sorghum. It occurs in 

Africa, India, and there are a few records from southeast Asia and Trini¬ 

dad (Ellis 1971, Matsushima 1971). It was originally described from 

Java (Boedijin 1933). Ellis (1971) does not record it as occurring in 

the United States. 

Curvularia pallescens Boedijin, Bull. Jard. bot. Buitenz., Ill, 13:127, 

1933 (Fig. 3). 

Colonies effuse, brown, cottony. Mycelium immersed in the sub¬ 

stratum, composed of branched, septate, pale brown hyphae, 2-4 y wide. 

Conidiophores macronematous, mononematous, flexuous, frequently slightly 

geniculate and paler towards the distal end, pale brown, smooth-walled, 

65-190 x 4-5 y. Conidiogenous cells monotretic or polytretic, in¬ 

tegrated, terminal and intercalary, sympodial, cylindrical, occasionally 

swollen. Conidia solitary, acropleurogenous, simple, straight or 

usually slightly curved, ellipsoidal to broadly fusiform, 3-septate, 

middle septum not truly median on account of the upper of the two 

central cells being larger than the other, smooth-walled, very pale 

brown, end cells slightly paler, tapering gradually towards each end, 

24-30 to 10-12 y. 

On unidentified grass. Auburn, Alabama, 16 November 1973, G. 

Morgan-Jones, AUA, NY. 

C. pallescens is known to occur on a variety of different substrates 

in the tropics. 

Dendryphiopsis arbuscula (Berk, and Curt.) Hughes, Can. J. Bot. 36:762, 

1958 (Fig, 4). 

= RelvrLnthosporium arbuscula Berkeley and Curtis, Grevillea 3:103, 

1875 

(Dendryphiopsis state of Amphisphaeria incrustans Ell. and 

Everh., N. Amer. Pyren.: 201, 1892.) 

Colonies discrete or somewhat effuse, black, hairy. Mycelium 

immersed in the substratum, composed of branched, septate, brown 

hyphae, 3-6 y wide. Conidiophores macronematous, mononematous, solitary 

or, more frequently, caespitose, erect, usually branched towards the 

apex, straight or slightly flexuous, brown to dark brown, thick-walled, 

septate, cylindrical, smooth. Stipe occasionally proliferating per- 

currently, 240-580 x 10-13 y. Branches usually much paler than stipe, 

1- or 2- septate, 27-56 x 9-10y. Tip of stipe frequently, but not 

always, bearing a terminal unit identical in morphology to branches. 

Conidiogenous cells monotretic, integrated at tip of stipe, terminal 

unit, and branches, or discrete, determinate, cylindrical or slightly 

doliiform. Conidia solitary, acroger.ous, simple, obclavate, 3- to 

5- (occasionally 6-) septate, brown, or somewhat olivaceous brown, 

guttulate, paler, and sometimes sharply attenuated towards the tip, 
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thick-walled, with somewhat reduced cell lumina, minutely verruculose 

when mature, 42-64 x 12-14 y. 

On unidentified twig, Chewacla State Park, Lee County, Alabama, 

20 June 1973. G. Morgan-Jones, AUA, IHI 177351, BPI. 

Three presumed specimens of this fungus in the National Fungus 

Collections (BPI) were found to have been wrongly determined. It seems 

likely that the new collection is the first made since the material on 

which the name is based was gathered. 

Dendryphiopsis atra (Corda) Hughes, Can. J. Bot. 31:655, 1953 (Fig. 5). 

= Dendryphion atrum Corda, Icon. Fung. 4:33, 1840. 

Colonies effuse, black, hairy. Mycelium immersed in the substratum, 

composed of branched, septate, pale brown to brown hyphae, 3-5 y wide. 

Conidiophores macronematous, mononematous, solitary, erect, straight, or 

slightly flexuous, usually branched towards the apex, brown to dark 

brown, thick-walled, septate, cylindrical, smooth. Stipe 250-500 x 8- 

10 y. Branches usually paler than stipe, non or 1- septate, cylindrical, 

18-35 x 6-9 y. Conidiogenous cells monotretic, integrated and terminal 

on stipe and branches or discrete, determinate. Conidia solitary, 

acrogenous, simple, cylindrical or somewhat obclavate, obtuse at each 

end 2-5-septate (usually 3 or 4), pale to mid olivaceous brown, thick- 

walled, smooth, 32-55 x 12-18 y. 

On decorticated wood. Auburn, Alabama, 2 April 1974, E. A. Wiggins, 

AUA. 

Hansfordia pulvinata (Berk, and Curt.) Hughes, Can. J. Bot. 36:771, 1958 

(Fig. 6). 

= Polyactis pulvinata Berk, and Curt., Grevillea 3:110, 1875. 

Colonies effuse, pale olivaceous grey, superficial, hairy. Mycelium 

partly superficial, partly immersed, composed of branched, septate, pale 

brown hyphae, 2-2.5 y wide. Conidiophores macronematous, mononematous, 

straight or somewhat flexuous, erect or sometimes repent, branched, pale 

brown to subhyaline, smooth-walled, septate. Stipe up to 650 y long, 

2.5-4 y wide. Primary branches borne at two or three levels from the 

paler upper part of the stipe which usually terminates in a conidiogenous 

cell but which may occasionally be sterile. Primary branches bear 

secondary branches which frequently constitute conidiogenous cells or 

may again be branched. Conidiogenous cells polyblastic, integrated, 

smooth-walled terminal, or rarely intercalary; where terminal, sympodial, 

cylindrical or slightly clavate, deniculate, with up to seven conidio¬ 

genous loci, 13-20 x 2.5-3.5 y. Conidia solitary, dry, acropleurogenous, 

simple, unicellular, globose, subhyaline to very pale brown, minutely 

echinulate, 5-7 y diam. 

On leaves of Yucca gloriosa, overgrowing pycnidia of Alpakesa 
yuccaefolia (Hall) Subram. and Ramakr., Auburn University Arboretum, 

Auburn, Alabama, 10 June 1973, G. Morgan-Jones, AUA. 
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Fungi of Alabama 

H. pulvinata is cosmopolitan in its distribution and is frequently 

found overgrowing other fungi, especially species of Cercospora Fres., on 

leaves. 

Heliooma dennisii M.B. Ellis, Mycol. Pap. 87:23 1963 (Fig. 7). 

Colonies effuse, sometimes extensive, hairy, buff to pale olive. 

Mycelium partly superficial, partly immersed, made up of branched, 

smooth-walled, subhyaline to pale brown hyphae 2-8 p wide. Conidiophores 

arising from the superficial hyphae, macronematous, mononematous, singly 

or in groups, simple, rarely branched, straight or slightly flexuous, 

erect, smooth-walled, septate, mid brown, paler and yellowish-brown 

towards the apex, 180-450 x 5-8 y. Conidiogenous cells mono or poly- 

blastic, integrated, terminal and intercalary, cylindrical, denticulate, 

bearing up to ten denticles. Intercalary conidiogenous cells which 

normally bear but few denticles occur at various levels, frequently two 

or three cells below the apex as a result of sympodial proliferation. 

Conidia solitary, dry, acropleurogenous, simple, helicoid, hyaline to 

subhyaline, guttulate, smooth 4-8-septate, obtuse at the apex, attenuat¬ 

ing sharply into a narrow truncate base, 16-22 y diam. 

On unidentified twig, overgrowing stromata of Hypoxylon sp., 

Chewacla State Park, Lee County, Alabama, 20 June 1973, G. Morgan-Jones, 

AUA, IMI 182106. 

This fungus is known from only two previous collections. The type 

specimen was obtained in Venezuela in 1958 (Ellis 1963) and more recently 

a second collection was made in Honiara, Solomon Islands (Matsushima 

1971). 

Perioonia lateralis Ellis and Everhart, J. Mycol. 2:104, 1886 (Fig. 8). 

Colonies effuse, black, hairy. Mycelium mostly immersed in the 

substratum, composed of branched, septate, pale brown hyphae, 3-5 y 

wide. Conidiophores macronematous, mononematous, scattered, erect, 

straight in lower part, curved towards the apex, branched, brown, 

thick-walled, septate, cylindrical, smooth. Stipe subulate, setiform, 

250-350 x 6-9 y, 1.5-3 y wide at the tip. Branches unilateral, arising 

from concave side of distal curve. Conidiogenous cells borne directly 

on the stipe or on the branches, monoblastic, ampulliform, discrete, 

determinate. Conidia acrogenous, simple, globose, non-septate, pale 

brown, minutely verruculose, 7-12 y diam. 

On moldy bermudagrass hay (Cynodon dactylon (L.) Pers.), Autauga 

County, Alabama, November 1973, G. Morgan-Jones. AUA. 

Perzeonia minutissima Corda, Icon. Fung. 1:19, 1837 (Fig. 9). 

Colonies effuse, olivaceous brown to black, hairy. Mycelium mostly 

immersed in the substratum, composed of branched, septate, pale brown 

hyphae, 2.5-4 y wide. Conidiophores macronematous, mononematous, scat¬ 

tered or gregarious, erect, straight or somewhat flexuous, branched to¬ 

wards the apex, branches usually adpressed, brown, thick-walled, septate, 

cylindrical, smooth, bearing a terminal, spherical head of conidia. 
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Fungi of Alabama 

Stipe 250-480 x 6-10 y . Conidiogenous cells monoblastic, narrowly 

ampulliform, discrete at the tip of the stipe and branches, determinate. 

Conidia acrogenous, simple, globose, non-septate, pale yellowish brown, 

thick-walled, verruculose, 5-7 y diam. 

On moldy bermudagrass hay (Cynodon dactylon (L.) Pers.), Autauga 

County, Alabama, November 1973, G. Morgan-Jones. AUA. Culture de¬ 

rived from this collection ATCC 26922. 

Colonies on 2% malt agar slow growing, restricted, variable, 

concentrically zoned, light grey to blackish olivaceous, forming very 

little aerial mycelium except in the centre which becomes velvety and 

brownish olive or forming somewhat floccose aerial mycelium in zones. 

Colony edge regular, white, or occasionally olive green, arachnoid. 

Conidia are produced in culture from normal conidiophores and 

from condiogenous cells borne directly on the mycelium. 

P. minutissima has been reported from Europe, Africa, Pakistan and 

Cuba. Ellis (1971) does not record it as occurring in the United 

States but Kidder et at. (1961) report its occurrence in Florida and 

implicate it as a possible cause of photosensitization in cattle in 

that state. 

Zygosporium oscheoid.es Montagne, Ann. Sci. nat., Ser. 2, 77:121, 1842 

(Fig. 10). 

Colonies effuse, sparse, black. Mycelium superficial, made up of 

branched, smooth-walled, subhyaline to very pale brown hyphae which are 

frequently somewhat nodose and distinctly constricted at the septa, 

3-4.5 y wide. Stroma absent. Conidiophores arising from the super¬ 

ficial hyphae, macronematous, mononematous, scattered. Stipe erect, 

subulate, smooth or very slightly roughened, brown, terminating in a 

sterile, subhyaline to hyaline knob, 42-56 y long, 4-4.5 y wide at 

the base, 3-3.5 y wide at the tip, bearing a single short lateral branch 

towards the base from which is formed a dark brown, thick-walled, 

curved, swollen vesicle. Vesicle 10-15 x 7-8 y in broadest part. 

Conidiogenous cells monoblastic, discrete, determinate, ampulliform, 

usually curved, thin-walled, hyaline, smooth-walled, usually borne in 

pairs or up to three on each vesicle. Conidia solitary, acrogenous, 

simple, ellipsoidal, hyaline to subhyaline, smooth or minutely and 

somewhat irregularly roughened, 8-10 x 4.5-5.5 y. 

Collection examined: On leaves of Yucca gloriosa L., Auburn 

University Arboretum, Auburn, Alabama, 12 July 1973, G. Morgan-Jones, 

AUA. 

Z. oscheoides, the type species of Zygosporium Montagne, has been 

recorded on a variety of plants, mostly from tropical areas. 
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Fungi of Alabama 

hay, from which two of the species described were obtained, was provided 

through the good offices of Dr. U. L. Diener. 
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JUDGMENT IN MANAGERIAL DECISION MAKING: A PILOT STUDY 

OF ALABAMA EXECUTIVES 

W. Jack Duncan 

School of Business 

University of Alabama, Birmingham 

INTRODUCTION 

Administrative theorists have long recognized that management 

decisions are a variable mixture of fact and value.1 As a general 

rule the ends toward which decisions are directed are not based on 

factual data that are empirically verifiable. Rather, when the goal 

is synonomous with an ultimate end it results from social conditions or 

the order of organizations.2 Once the end has been determined, the 

selection of means of accomplishment results from discrimination, 

analysis, and choice - a logical progression of means.3 Thus, it is 

suggested that information which is not completely factual is often 

an important element in management decisions at the goal formulation and 

the mean selection stage when the ends in question are not ultimate 

objectives. 

In spite of this general recognition, there seems to be substantial 

feeling that decision makers prefer to avoid the expression of personal 

judgments in decisions. In fact, some writers contend that managers 

prefer to accept less believable approximations of the liklihoods of 

alternative outcomes than to inject personal attitudes into decision 

situations.4 In reality, however, frequent reference is made in the 

literature to the importance of "preferences," "values," "intuition," 

and "judgment." 5 

Herbert Simon, through his now famous behavioral theory of decision 

making, has explored in detail the psychology of administrative behavior 

Perhaps most significant is his expose of the physical impossibility of 

the isolated administrator achieving anything approaching perfect 

rationality. In even a simple decision situation, he must explore so 

many alternatives and acquire so much information concerning each as 

to make a completely objective appraisal impossible.6 Thus, he must 

restrict the environment of search and call forth other judgmental 

expediencies.7 As Simon clearly notes, this judgment may fail for 

several reasons. First, since rationality requires a knowledge of all 

alternatives and their consequences, information is always fragmentary 

and leads to sub-optimum choices. Second, limited experience in 

evaluating alternatives and the futuristic nature of outcomes make 

accurate evaluations highly improbable. Finally, optimization requires 

selection of the best choice from an almost infinite set of alternatives 

which is beyond the abilities of man to formulate and organize. 

Often the lack of success associated with limited rationality is 

not immediately observable because of psychological forces present in 

the decision maker. Research reveals that when an individual selects 

one alternative, based on whatever criteria, in preference to others, 

his attitude toward the other alternatives changes. Findings presented 

by Festinger show that the decision maker immediately emphasizes the 
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advantages of the choice and denies the virtues of rejected alter¬ 

natives.^ Besides justifying a decision in his own mind (ex post) 

a decision maker is inclined to assign different weights to the same 

alternative relative to other alternatives a priori. Parducci shows 

that when the surrounding alternatives are all better than the case in 

point, the decision maker will rank the choice lower than he would the 

same choice when compared to inferior alternatives.9 

With this background information in mind, it is possible to 

jxamine the findings presented in this study. The primary objective of 

diis analysis was to empirically evaluate some of the ideas presented 

ibove. The data presented here represent one part of a larger re¬ 

search project started approximately two years ago. The primary ob¬ 

jective of the larger study, dealing with the knowledge utilization 

srocess in management and organization, is to eventually develop an 

anpirical model of the information flow system connecting management 

:heory and practice.10 In order to add validity to the larger study, it 

/as necessary to pretest and administer several mail questionnaire 

surveys. This paper will report the results of one pilot study which 

/as designed to provide some indication of the nature and sources of 

.nformation managers use in arriving at specific decisions. 

SURVEY DESIGN AND ANALYSIS 

For a pilot study, 100 questionnaires were mailed to a random 

sample of Alabama businessmen. The sample was selected from a publica- 

:ion of the Alabama State Chamber of Commerce, Industrial Division, 

ntitled Industrial Alabama. Of the 100 forms posted, 37% were re- 

umed. Among the responding group, 33% were company presidents, 

2% were vice presidents, and 45% were general or plant managers. The 

sajority of respondents had been in the industry in which they presently 

orked 20 years or longer and had been employed in their present company 

round 15 years on the average. Their median age was 50 years. 

The first set of questions asked respondents to rank the relative 

mportance of various information sources on a scale ranging from one 

low importance) to five (high importance). The median values of 

11 replies are plotted in Figure 1. Two important items can be noted 

ram the graph. First, the responding decision makers felt that personal 

xperience and the knowledge of coworkers were as important to them in 

he decision situation as statistical-historical facts. It was also 

nteresting to note how little importance these same decision makers 

ttached to textbook references and original research. 

In order to compare the respondent's ideas of why judgmental 

ecisions "go bad" with those presented previously by Simon, an 

dditional series of questions were raised. Contrary to conventional 

isdom on the subject, this group of businessmen willingly admitted 

he frequent use of personal judgment in managerial decision making, 

able 1 indicates that 60% acknowledged that personal judgment was used 

n more than one-half the decisions made (Response A). When asked the 

ssociated question of whether these executives admitted to personal 
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Importance 

FIGURE 1. Relative importance of various information sources 

in the decision making process. 

judgment errors, over 75% indicated that this too was a common phenomenon 

the exact percentages (Response B) are provided in Table 1. 

Thus, the first portion of Simon's argument appears confirmed 

by the respondents in the survey.. Judgment does appear to be a readily 

recognizable part of administrative decisions. 

Given that judgment is present in decision making and that judg¬ 

mental errors do occur, it seemed appropriate to request the reasons 

the executive sample pinpointed as the primary cause(s) of error. To 

do this, an additional series of questions were asked which requested 

respondents to rank a list of possible determinants. Once again, a 

five-value scale was used with the alternatives ranging from one (never 

a cause of judgmental error) to five (always a cause of judgmental error) 
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Other data in Table 1 reveal a general lack of agreement between the 

sample responses and the second set of propositions advanced by Simon. 

A majority of the respondents did not feel that a lack of experinece reg¬ 

ularly hindered their decision making (Response C); nor did they feel 

their decisions were frequently formulated with insufficient information, 

as shown for Response D. This finding implies a feeling among the 

sampled executives counter to the concept of "bounded rationality", 

which is generally accepted by behavioral scientists. Perhaps as others 

have indicated, decision makers often genuinely feel they know all the 

available alternatives when in reality such information is a practical 

impossibility. Finally, as shown for Response E, over 80% of the re¬ 

sponding executives felt that "bad" judgments seldom, if ever, resulted 

from the pressures of time. Relating this to previous responses suggests 

that these decision makers utilized judgment by choice, not out of de¬ 

mands of the situation. 

As one final area of interest, the participating decision makers 

were asked several questions concerning their use of and dependence 

upon reports based on computer information. Table 2 provides an array 

of the types of computerized information presently used. It should be 

noted that these values sum to greater than 100% because many replies 

involved multiple time period reports. 

From this table it can be inferred that almost everyone used 

computer information at least on a quarterly basis. Evidently, many 

decision makers who did not have access to a computer had reports 

supplied from another source four times or more a year. 

When asked to evaluate the decision making value of existing and 

additional computer information on a scale ranging from one (low im¬ 

portance) to five (high importance) it was noted that, although the 

responding executives considered existing reports to be of substantial 

value, it seemed that a point of diminishing returns had been reached. 

In other words, as important as these records were, the majority of 

respondents did not attach a particularly high value to additional ones. 

SUMMARY AND IMPLICATIONS 

The major focus of this paper has been on the nature of information 

sources in management decision making. The data analysis has been re¬ 

stricted to descriptive interpretations because of the pilot nature of 

the study, the limited sample surveyed, and the methodological limita¬ 

tions of the measuring techniques employed. These "bits" of information, 

however, have been of considerable value in refining various aspects of 

the larger study. Because of this, care should be taken in recogniz¬ 

ing the usefulness of any inferences drawn from the analysis. 

Primary attention has been directed toward identifying the perceived 

importance of intuition or judgment in managerial decision making. 

Counter to common opinions, the executives surveyed readily acknowl¬ 

edged the existence and importance of judgment in their personal de¬ 

cision making. Judgments resulting from their own experience and that 
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TABLE 2. Frequency of computer information 

Period Percentage of 

Respondents 

Daily 36% 

Weekly 49% 

Monthly 30% 

Quarterly 85% 

Annually 18% 

Other (no computer) 21% 

of co-workers occupied equal importance, in their evaluation, with 

statistical-historical information. In fact, over 95% of the re¬ 

spondents willingly admitted that judgment was an integral part of well 

over half the decisions they made. 

The injection of judgment and the utilization of intuition provide 

no guarantee, however, of successful decision making. Some would even 

contend that an inverse relationship exists between the degree of judg¬ 

ment used and the degree of success obtained. Because questions such 

as this have interested researchers and because special attention has 

been directed toward itemizing why judgmental decisions "go bad", it was 

decided to compare the sample responses to the commonly itemized 

reasons given in the literature. 

Interestingly, the majority of the executives surveyed did not 

feel their judgment was hindered by a lack of experience, rendered in¬ 

correct because of insufficient exposure to or inadequate background 

information dealing with specific decisions, or forced in the interest 

of time. This finding carried important implications which is presently 

being examined in a larger national sample. 

For example, this series of questions, relating to why judgments re¬ 

sult in incorrect or unsuccessful decisions, was asked to respondents 

and related to their own short-comings and errors. Since these ques¬ 

tions requested a special type of self-perceptual information, on the 

national survey, a different direction was taken. Not only were decision 

makers asked the reasons for judgmental errors but a group of academi¬ 

cians were asked to respond to a similar line of questions relating to 

executive decisions. The results are presently incomplete but a com¬ 

parison of practicing managers' self-perceptions and academicians' 

perceptions of the reasons for failures of executive judgmental de¬ 

cisions should prove interesting. 

Finally, some insights were gained concerning the frequency and 

perceived value of computer information used in management decision 

making. Almost all the respondents indicated they used computer reports 
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on at least a quarterly basis. Twenty-one percent did not have computer 

facilities within their own firms. Thirty-six percent said that daily 

reports were used in their decision making. 

In spite of their widespread utilization of computer data, the 

respondents did not appear to attach a particularly high degree of 

importance to this type of information. Even less importance was 

attached to additional computerized information. This finding rein¬ 

forces earlier ones on the importance of judgmental factors vis-a-vis 
statistical-historical facts. 

CONCLUSIONS 

The survey findings reported in this study indicate several factors 

which lend themselves to extended and more refined analysis. First, 

the executives surveyed readily acknowledged that their decisions were 

a balance between fact and judgment. 

Although this proposition is deserving of a much greater and more 

systematic investigation, there is probably more to this result than 

there appears to be on the surface. Specifically, it would appear 

productive from the standpoint of management theory to determine if 

this mixture of fact and judgment is simply "the customary way decisions 

are made" or does it reflect the actual nature of management decisions? 

If the former is true, fact and judgment are simply issues in ad- 

misistrative behavior which should be evaluated to determine whether 

this mixture is "good" based on some normative criteria such as profit 

maximization or social utility. If it is considered good, the pedogogical 

implications are obvious. Some method must be conceptualized for "teach¬ 

ing" or developing within prospective managers the ability for making 

good judgments. On the other hand, if it is considered bad, measures 

would be called for which could minimize the adverse influences of the 

undesirable element. 

If, however, the latter is true, as I personally suspect it is, 

and because of the nature of administrative phenomena, decisions 

must be a mixture of fact and judgment and other courses of action seem 

necessary. Given this condition, it would appear desirable to increase 

our emphasis on techniques designed to systematically deal with and re¬ 

fine subjective processes. This would require much greater effects on 

the part of management educators in instructing administrators (existing 

and potential) to the virtues of systematic reasoning and guidelines in 

the effective channeling of judgment along more productive lines. 
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TIME DOMAIN MODEL-REFERENCE ADAPTIVE 

CONTROL DESIGN AND IMPLEMENTATION 

B. K. Colburn, J. S. Boland III, and C. L. Phillips 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

INTRODUCTION 

During the last twenty-five years the theoretical developments of 

classical feedback control theory have been successfully employed in 

the design and analysis of a wide variety of complex physical processes. 

Performance requirements were translated into such control performance 

indices as rise time, peak overshoot, bandwidth, phase margin, etc., 

which were in turn utilized in the design of acceptable feedback 

controllers. However, with the build-up of the U. S. space program, 

guidance and control requirements demanded a more versatile set of 

analytical tools than were available from classical theory alone, and 
from this evolved what is now referred to as "Modem" control theory. 

Among the study areas of interest has been that of adaptive control, 

wherein a process is imbued with the capability to "adapt" itself to 

a changing environment so as to maintain satisfactory performance 

characteristics. The need for adaptive control is not new, but merely 

an extension of the classical feedback control idea, which is to render 

a system to be somewhat insensitive to changes in the controlled process. 

Although most basic research was originally funded through the military 

and space programs, there are a number of "down-to-earth" areas where 

adaptive control may be used, including automotive anti-skid braking 

systems, AFC and AVC circuits in radio and television, control of 

chemical processing plants, and automobile engine spark fuel adjustment. 

To distinguish a conventional feedback controller, an adaptive 

system will be defined as one in which system performance is compared 

with one or more performance indices and parameter adjustment effected 

such that the performance index (or indices or an equivalent) are 

optimized. This implies that adaptive control amounts to an "on-line" 

design approach. 

The adaptive process may be broken down into three functions which 

may or may not be distinct in any given problem: identification, 

decision, and modification [1], Identification is the means by which 

a system is characterized or by which the performance index measure is 

determined; in general this process is complex and non-linear. Decision 

is the determination of how system performance is related to the desired 

goal by utilizing the performance index values. Modification is the 

adjustment of system parameters so as to drive the system toward the 

desired goal, as determined from the the performance indices; in doing 

this the plant may be modified directly or by altering its inputs. 

Along with this there are two general types of adaptation: state 

adaptation and plant parameter adaptation. In the former the plant 

outputs are forced to track (according to some performance index) some 

set of model outputs but corresponding plant-model parameters need not 
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match, whereas in the latter case all plant-model parameters match, thus 

insuring state tracking. One of the severe limitations of plant 

parameter adaptation is that success depends on inputs sufficiently 

rich in harmonics, a situation not necessarily controllable in practice 

[2, 3], 

In the past, virtually all of the theory of both classical and 

"modern" control sciences required as a basic assumption that the plant 

be time-invariant or that it vary in a well described manner. Many 

processes, however, are exposed to an environment which may change 

drastically, usually in an indeterminate manner. Such a situation often 

occurs with high performance aircraft and missiles. It was a study 

of aircraft autopilots at MIT that brought about the ground-breaking 

work in analytical study of adaptive systems [4]. Before that time, 

most adaptive control work had involved "seat-of-the-pants" judgement 

and empirical findings in guiding the design. 

With the introduction of Lyapunov's work to the Western world in 

1960 [5], an excellent design tool and means for ascertaining stability 

became available. Using Lyapunov's second method, a model-reference 

adaptive controller was synthesized in 1961 [6]. Through the mid-60's 

basic studies and reports emerged. In 1966 [7] Parks' paper on time- 

domain design of model-reference systems appeared and was responsible for 

a plethora of papers on the subject. Most of the successful model- 

reference methods have employed time-domain techniques. A particularly 

promising form of adaptive control based on the idea of on-line time- 

varying feedback gains was published in 1968 [8] and later extended 

to more general cases [9, 10]. These methods suffered from the need 

for time-invariant (or slowly time-varying) plants, although no 

knowledge of plant parameters is required. This limitation was later 

partially removed by bounding input and plant parameter rates of change 

[11]. 

Some of the shortcomings of most MRAS design techniques are that 

all states must be available, no noise present, and an unknown rate of 

convergence of the error due to the non-linear, time-varying form the 

closed-loop adaptive controller assumed. A few analytical studies of 

incomplete state feedback [12, 13] and stochastic noise [12] have been 

performed to extend the adaptive controller studies to include real- 

world problems. An approximate technique for determining the error 

convergence rate is given in [9] and generalized to a number of dif¬ 

ferent types of MRAS controllers in [14]. At least one study neglected 

all realizability conditions and used a controller requiring complete 

knowledge of the plant in order to adapt the plant [15]. The Lyapunov 

design approach was also used to develop identification algorithms 

which can be used in a real-time environment to continuously identify 

a system without need of disturbing the system [2, 16, 17]. 

Some extensive bibliographies of research in the general field 

of adaptive control, including self-organizing, gradient, model- 

reference, and sensitivity function, have been compiled [18, 19, 20, 

21]. A number of survey papers on model-reference adaptive systems 

(MRAS) have appeared in the literature recently [22, 23] along with some 

qualitative studies of various adaptation techniques [10, 22, 24]. As 
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is ably pointed out in these articles, the inherently non-linear nature 

of most (if not all) adaptation schemes makes it difficult to determine 

various adaption parameters needed to implement the controllers be¬ 

cause of the lack of a clear-cut relationship between parameter selection 

for the adaptive controller and the effect on the adapted plant response. 

From the conclusions in [22, 25] it is clear that, from a qual¬ 

itative point of view, the time-domain Lyapunov designed MRAS controllers 

are superior in performance. Inasmuch as these studies suggest its 

worth, a detailed look at the time-domain technique is in order. One of 

the difficulties in utilizing this technique is that a set of general 

constraints are developed which will insure asymptotic tracking of the 

model by the plant, but no indication of the rate-of-covergence of 

the error is available and no straightforward technique for selecting 

the adaptive gain parameters is given. Due to a basic approach out¬ 

lined in [9], a linearization technique for determining the various 

adaptive parameters in terms of an error root locus equation's 

available. This work has been generalized in [10] for the n order, 

multi-input case. The aim was to develop a practical design technique 

such that all of the "higher mathematics" involved in the theory can be 

reduced to classical servo design principles so that a design engineer 

schooled only with a background in traditional controls could easily 

design with the given procedure. Some of the problems that contribute 

to practical implementation difficulties not addressed here have been 

covered elsewhere, including incomplete adaptation [13, 26], and incom¬ 

plete state measurement [12, 26]. These studies clearly indicate that 

the time-domain Lyapunov adaptive controllers can be very useful even 

in practical applications with the less than ideal operating conditions. 

An important point which should be clearly understood is that, 

completely independent of the linearization technique, the system is 
guaranteed to be asymptotically stable; the smaller the errors the 

better the design approximations, but no matter how large the errors, 
they will be forced to die out by the controller and as they get "small" 

the error response predicted by the linearization technique will be 

accurate. 

FUNDAMENTAL EQUATIONS 

In order to illustrate the design implementation technique for 

model-reference systems, a brief review of the derivation of the root 

locus design equation is given. It is assumed that the plant can be 

accurately represented as a linear (and possibly slowly time-varying) 

unknown process of known order. The work in [8, 9, 10, 14] is strictly 

speaking only good for unknown, time-invariant plants but, as dis¬ 

cussed in [11, 27], under a not-highly restrictive set of conditions, 

asymptotic stability is still insured for processes with bounded, time- 

varying parameters. 

The basic equations are 

x (t) = A (t) x (t) + B (t) U(t) (plant) (1) 
P P “P P — 
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x (t) = A x (t) + B U(t) 
—m m —m m 

(model) (2) 

where x (t), x (t) are n-vectors, U(t) is an r-vector, and A (t) and 
—p -m — p 

B (t) are n x n, n x r matrices. Adaptation is imbedded in A (t) and 
P P 

B (t), where each element is of the form 
P 

a/(t) = c *(t) + K *(t) ,Pf 
ij ij ij 

hi"’ * 'y'rt + Ky(t) 

(3) 

(4) 

The K^a(t) and K^(t) are the adaptive gains, and c^(t) and c^(t) are 

unknown (possibly) time-varying plant parameters. The error of interest 

here, e^, is defined as 

e(t) = x (t) - x (t) 
— —m —p 

from which is obtained 

(5) 

e(t) = A e + [A - A (t)] x (t) + [B - B ] U(t) 
— m— m p —p m p — 

(6) 

which describes the non-linear time-varying error dynamics. Using 

Lyapunov functions [8, 9, 10], a basic set of adaptive gain expressions 

may be derived, the use of which guarantees the plant-model error will 

asymptotically approach zero: 

K.a(t) 
13 “ij fl S dt + B..S.. + p, .4- [S . . ] 

J t in 11 11 *13dt L 13 J 
(7) 

K.^(t) = Y . ./C Y..dt + 6..Y.. + CT.. - rv -1 
13 13 t 13 13 13 13 dt [Y ] 

o J 

(8) 

where. 

Sij = l . ek^kiX; 
k=l 

P3 
i>3 > = 2» 

ij k=l 
ekqkiUj 

i = 1, 2, ... n 

3 = 1> »2, ... r 

The a, B, p, y, 6, a are fixed adaptive gain parameters and the q, 
ki 

are elements of a positive-definite (p.d.) symmetric Q matrix. 
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Using Lyapunov theory, the following requirements must be satisfied 

to insure tracking: 

(1) •O
 

•H 
3

 Y • ■ : 
T1J 

• 0 

(2) 8. ., p . . , O
f 

Q
 V 0
 

ij 1J - 

(3) Q be p.d. and satisfy the relation 

T 
A Q + 

m • QAm = -C, C p.d. [5] 

(4) plant and model be of the same order 

Expanding e(t) in a Taylor series, with 

ei = fi^^* 2p(t)> Kij(0, K±j (t) , U(t) ] i = 1, 2, ... n 

it can be shown [l4] that an error characteristic equation of the form 

1 + 

Y a «,k_1 l qkns l K A-1 

k=l J Li=l J 
sAm(s) 

0 (9) 

results , where 

A^Cs) = model characteristic equation 

p is the type of adaptation; 

p = 1, adaptive scheme presented in reference [8] 

p = 2, adaptive scheme presented in reference [9] 

p = 3, adaptive scheme presented in reference [10] 

2 2 2 2 2 

’X<*° + °nn\ +^1U1 + ••• Vr nl L 
+ a n2A2T 

and Kj, similar except (8,6) and (p, a) replace the constants 

(a, y) respectively. Note that (9) is of the form 1 + kP(s) = ( which 

is the standard form for plotting the root loci as a function of k. 
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To obtain the simple form in (9) it is necessary that A^, A be in 
P 

phase variable form and that constant inputs only are applied. The 

range of allowable values for q , are lifted by the third Lyapunov 

' hin 

stability requirement given previously. 

CONTROLLER DESIGN 

With the restrictions noted in the preceeding section, and with a 

preliminary knowledge of the range of values of U(t) and x^ to be 

m 

expected, the designer uses (9) as a root locus equation to relate 

poles and zeroes in the s-plane to adaptive gain parameters which are 

then selected and used to implement the adaptive controller. Spe¬ 

cifically, the designer determines zero locations and then translates 

them into K 
i/K 

and q 

Wqnn 

ratios. To see this, consider that (9) 

expands to the form 

1+ 
[- 

SiCn-l) n-1 qn(n-2) n-2 
+-- S *r-- S +. 

■*nl 

nn 

sP+Ki/K. sp-1+...+Kl/Kj 

s A (s) 
m 

(10) 

To determine the actual magnitudes of the K^,q 
kn 

terms, the desired 

closed loop error pole positions must be selected and the corresponding 

root locus gain. One then solves (n + p - 1) equations for (n + p) 

unknowns. This means there are an infinite number of solutions, but 

in practice all the designer need do is select one of the unknowns, 

choose an appropriate value for it, and then solve for the remaining 

unknowns. 

In selecting appropriate "zeroes" for (9), the limits imposed by 

the third Lyapunov stability requirement could easily stymie a de¬ 

signer familiar only with classical control methods. However, as shown 

in the Appendix, at least for second-order systems, the allowable range 

of values for the "zero" q.„ . is identical for both the exact 

12/q22 
Lyapunov method and a linear analysis of (9) utilizing the Rojith- 

Hurwitz criterion. A later paper will explore the general n order 

case and demonstrate how to obtain stability bounds for the q, , 
mn 

ratios forming a set of (n - 1) zeroes in (9). 

The gain "k" in (10) is actually a product of two terms, k = 

By selecting a nominal value for q , is determined. The 

terms, however, represent a combination of adaptive parameters as 

given in the definition of terms for (9). This is where the range of 

values of the Ik and x^ is helpful, for this information aids in the 

m 
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selection of the a, 6, p, y, 5, a adaptive parameters are 

needed in order to physically implement the adaptive controller. 

Relative weighting of the terms making up K^, K^, may then be made 

according to some desirable criteria. It can be seen, then, that the 

solutions are not unique but that a solution always exists. 

MODEL DETERMINATION 

Of particular concern in the MRAS design phase is the model 

selection, which must be of a linear, time-invariant form. All too 

often theoreticians brush over this important point. The model must 

accurately reflect what one desires to have happen in the real world; 

a poor model may be worse than none at all. Although the selection is 

still somewhat arbitrary, promising work has been done in geometric 

decoupling [28], modal synthesis [29, 30, 31], pole placement [32, 33], 

and optimal control [34, 35, 36], coupled with process constraints and 

some lesser known techniques [37, 38, 39]. Of course there are also the 

traditional time-domain and frequency-domain techniques [40] which have 

served so well in the past. Each method uses a totally different 

approach, based on different types of information, to obtain a "suitable" 

(according to some criteria) model. Overall, however, much work remains 

to be done in model synthesis. 

DESIGN EXAMPLE: SPACE SHUTTLE AUTOPILOT 

This example is of a 2nC^-order pitch axis control system such as 

might be employed during the re-entry phase by a Space-Shuttle vehicle. 

Because of extreme variations in altitude and velocity, large variations 

in the plant dynamics occur and adaptation is desired to stabilize the 

vehicle. The unadapted dynamics are of the form 

0 1 

x!(t> + 
0 0 

0 

D2CV 

T 

DlCmu1 DlcmU2 

x^ = 0, vehicle pitch; = q = 0; U^ = a, angle-of-attack; U2 = <5g, 

elevator deflection; D^, D2 = aerodynamic "gains"; = aerodynamic 

stability derivative with respect to the variable x. It is the unknown 

time variations in D., D2 that create the need for adaptation. Typical 

time histories of D.C , D„C are given in Figures 1 and 2. The 
± m z m 

X q 

adapted autopilot equations are 
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Time (seconds) 

FIGURE 1. Input aerodynamic parameter flight history. 

FIGURE 2. Pitch rate aerodynamic parameter flight history. 
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x£(t) = 
0 1 

4Ct> 

^1% + K21(t) ') (“ 2C«„, + K22« (ID 

SL b 
where the K_(t), K„(t) are the adaptive gains given in (7), (8). 

The model was chosen based on the following desirable char¬ 

acteristics: (a) the natural undamped frequency in the range 

.5 < a) <1.5, (b) the damping ratio £ < 1, and (c) the error response 

must be non-oscillatory (i.e., no complex error roots are desired). 

The model chosen was 

-.05 

(S) = (S) = 
(12) 

+ 3s + 2 

To select appropriate values for the adaption parameters a, 6, P, 

Y, 6, a, q , tl>e root loci for the model-reference technique in [6] 

was selected as a candidate. Using only classical root-locus techniques 

and the results from the Appendix, the zeroes of (9) were selected to 

be q , =3, K , = 4.5. Selecting the closed-loop error roots at 

1Z/q22 i/K2 
k = 10 as the desirable response set, and using the flight conditions 

U. = 1.047 (a = 60 ), U_ = 1.134 (6 
1 2 e 

65°), 

= -.0545 (( 

m 

-3°), 

the adaption parameters were selected from the following equations: 

1 + kP(s) = 0 

k = i° = q22K2 

(13) 

(14) 

2 2 2 

- a2ixi + ^21^1 
m 

22 2 
(15) 

K2 B21X1 + 621U1 + 622U2 
m 

(16) 
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Choosing q ? = .42 and q ? = 1.26, then from (14) K = 23.8 and using 

(16) 

621 = 100, 621 = 10, <$22 = 10, a21 = 450, y21 = 45, y22 = 45 

where the y, 6 values were selected according to a "decoupling" 

criterion given in [14]. The root locus of the resulting characteristic 

equation 

1 + k(s + 3)_(s + 4.5) = Q (1?) 

s(s^ + 3s + 2) 

is shown in Figure 3, the closed-loop error roots for k = 10 being 

marked with squares. 

In order to verify the results of the linearization procedure the 

time response of the error was simulated with the adaptive gain para¬ 

meter values listed. Figure 4 displays the resulting response. Note 

that, from the position of the closed-loop error roots in Figure 3, 

one would expect an essentially overdamped response with a decay rate 

equivalence of five times constants, equal to 1.8 seconds, and little 

or no oscillation because the dominant response would be due to the 

real root with the complex pole pair offering only a slight effect. 

The model and plant states were assumed identical at t = 150 seconds. 

+ ° 
At t a step disturbance is given to all of the adaptable parameters. 

q. 
The disturbances were such that at t = t the plant transfer functions 

were 

6 , . .073__ 6_ . _-.073_ 

(s +0) (s + .009) U2 (s +0) (s + .009) 

(18) 

As can be seen in Figure 4, the error response is as predicted, with 

the error largely eliminated within 2 seconds with no noticeable 

oscillations present. Also note that the error envelope looks very 

much like a linear exponential decay type function as predicted from 

the linearization theory. Experience with additional plant-model 

combinations of different order and various initial conditions in¬ 

dicates that predicted and actual results compare very favorably. 

SUMMARY AND CONCLUSIONS 

The uses for adaptive control in industrial and consumer application 

can be expected to increase in the future. This is because of the 

additional demands made on hardware to further "optimize" the system 

and at the same time insure stability. Cost effectiveness, material 

and fuel scarcity, and high accuracy, all contribute to the need for 

finely tuned system control. Specific uses for adaptation will probably 

include Direct Digital Control (DDC) of multiple loops in chemical 

refineries, automotive engine control to insure maximum fuel mileage, 

automatic anti-collision and anti-skid braking systems, stabilization 
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-5.4 + J4.7 

FIGURE 3. Root locus of the linearized error - characteristic equation 

given in the example. 

and control of high performance aircraft, and stamping press line 

synchronization stabilization. Far from being fully developed, the 

area of adaptive control has only been touched upon and,as industrial 

and consumer demands increase, research/development and design im¬ 

plementation are sure to follow. 

A practical design approach for implementing a time-domain Lyapunov 

adaptation scheme is outlined in this paper and its use illustrated 

with a practical example. The information required and the limitations 

in the derivation of the basic error characteristic equation in (9) 

suggests a number of additional areas of research. These areas include: 

(a) A technique for determining a bounding procedure for the q^. 

ratios for the general n order case. J 

(b) A means for analyzing and designing model-reference systems 

with time-varying inputs. 
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Time (seconds) t = 150 seconds 
start 

FIGURE 4. Time response of the system error due to a plant dis¬ 

turbance at 5 = 150 seconds • 

(c) Conditions under which the third Lyapunov stability conditions 

given previously can be relaxed when the additional g, p, 6, 

a terms are utilized. 

(d) A straightforward procedure for "distributing" the effects of 

X1 ’ Ui w'ien determining the relative a, g, p, y, 6, o terms. 

m 

(e) An analytical relationship between model selection and the 

choice of error dynamics. 
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APPENDIX 

Comparison of Stability Bounds Between Lyapunov and Linear 

For the model characteristic equation 

. 2 m m 
A^ls) a s 1 *^22a i ^21 

A can be written as 
m 

21 *22 

From [5] 

V + " "C 

Using 

f“ ° 1. 

L 0 ‘22J 

; c >0 
ii 

and solving (20) for the ratio q » . results in 
/ q.2 2 

*12 clia22 

q22 CH + c22a21 

Sweeping c^-^, C22 through all possible values from 0+ to 

clear that 

0 < q12/q22 < a22 

Methods 

(19) 

(20) 

, it is 
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Using (9), 

1 + 
k<s + cH2/q22) 

/ 2 i m . m-. 
s(s + a7„s + a ) 

0 

which has a Routh Array 

3 
8 1 

m 
(a2i + k) 

2 
s 

m 

a22 
kq12/q22 

1 
, in in . * , 

(a22> ^a21 + k) " kq12/q22 
0 

m 

a22 

0 
s 

k,12/q22 
0 

and results in the necessary conditions 

k > °, a22 > 0, q12/q22 1 *22 

0 " qi2/q22 ' 322 

This agrees with the results obtained by considering all possible values 

of Cj. and c-22" 
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SYSTEM ERROR ANALYSIS AND THE INTERACTIVE TERMINAL 

C. J. Standish and W. H. Land, Jr. 

IBM Electronics Systems Center 

Owego, New York 

FOREWORD 

This paper presents a discussion of system error analysis techniques 

which are applied to the evaluation of system performance. Also in¬ 

cluded is a description of techniques which may be utilized by the 

analyst for direct interface to the Central Processing Unit (CPU) 

using the APL/360 language. More specifically this paper addresses 

the following topics: 1) The theoretical approach to system error 

analysis, 2) A brief discussion of the APL language and interaction 

with the computing system, and 3) Presents several examples of the 

application of these techniques to specific' problems and shows how 

the analyst may become his own programmer. 

THEORETICAL APPROACH 

A variety of problems in systems error analysis can be cast in 

the following mathematical format. An n dimensional vector x.> the system 

state vector, is estimated by an n dimensional vector of measure¬ 

ments. The measurement vector y is assumed to be related to the 

state vector x by the n x m measurement matrix M through the equation 

y_ = Mx + v (1) 

where v is an n dimensional vector of measurement errors. It is desired 

to determine the best estimate x of x from a knowledge of measurements 

y_. This is of course not a well posed mathematical problem without 

further assumptions on the nature of the errors v and a definition of 

"best." Historically, the first solution of the problem was given by 

Gauss under the assumption that the components of the error vector v 

were independent and normally distributed (with zero mean) and the 

criterion of "best" was least squares. This solution can be expressed 

succinctly in vector matrix notation (which was not available to Gauss) 

in the form 

x = (MTM)”1m\ (2) 

T 
where denotes matrix transpose. This solution presupposes that the 

matrix M M is invertible and in particular that the number of measure¬ 

ments (the dimension of the vector ) is equal to or greater than the 

dimension of the state vector x. Frequently the system analyst wishes 

to modify the least squares procedure in two ways. First, he may wish 

to base his estimate on a combination of actual measurements and a 

priori estimates of the system state vector specified by an a priori 

covariance matrix C. Secondly, he may wish to relax the condition of 

independence on the components of the system error vector and assume 

that the error vector v is specified as a zero mean random vector 
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T 
with prescribed covariance matrix E(w ) = V. The optimal 

estimate under these conditions becomes 

(mtv 1m C 1) Vv (3) 

This estimate which makes use of both measured and a priori data is 

commonly referred to as a Bayesian (weighted) least squares estimator. 

We now turn to a measurement of the error in these estimators. De¬ 

fining the error vector E as x - x then the error covariance matrix 

E (x - x) (x " 2i)T (4) 

is given by 

T -1 -1 -1 
(M V M + C ) . 

In the absence of a priori information, the matrix C ^ is replaced 

by the zero matrix, and the formula reduces to 

T -1 -1 
(M V M) . (5 ) 

For an especially enlightening discussion of these least squares pro¬ 

cedures and a historical survey, the reader is referred to Sorenson [4]. 

The diagonal entries of Equations 5 or 5 represent the variances 

of the errors in the estimates of the components of the state vector, 

and the off diagonal entries the error covariances. We note that the 

performance measures. Equations 5 and 5^ , do not depend on the errors 

themselves, but only on their second order statistics. Therefore, in 

principle the system performance can be predicted without actually 

making the measurements. This somewhat paradoxical circumstance can 

be explained by noting that this is the case only if the second order 

statistics of the error sources are known exactly. In a practical 

situation this is unlikely to be the case. Nevertheless, these per¬ 

formance measures serve an extremely useful role in systems analysis 

since they establish theoretical limits for system performance. As 

will be seen shortly, when implemented on an interactive terminal using 

APL, these performance bounds can be rapidly determined numerically. 

Although the error criteria, Equations 5 and 5^ , are expressed in 

a very compact fashion by use of vector matrix notation, the transla¬ 

tion of these formulas into useful numerical results by means of 

FORTRAN or PI/I languages implemented on a batch processor is by no 

means an easy task. The analyst who is not an experienced programmer 

is almost forced to seek the aid of a programmer colleague. This in¬ 

duces the inevitable errors arising from the failure of the analyst to 

communicate exactly his desires to the programmer who is generally not 

familiar with the underlying analysis of the problem. In addition, time 

consuming coding errors often occur, which of course are not detected 

and corrected until after several computer runs have failed to execute. 

These difficulties can be substantially reduced by employing APL. 

This is so for two basic reasons. First, the capability of APL to 
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process arrays greatly reduces the coding complexity required to evaluate 

system error criteria. The reduction is so dramatic that the analyst 

can easily become his own programmer. Indeed, once the matrices M, 

V, and C have been specified, the error criterion, Equation 5, can be 

coded in one line as 

|( | C) + + .x ( | V) + .xM. (6) 

Secondly, the language being interactive, coding errors can be detected 

on line and corrected immediately. This often reduces the time required 

for successful debugging and execution of a program from days to hours. 

The discussion up to this point has confined itself to static 

estimation in the sense that a single estimate of the state vector is 

formed from the totality of measurements. Frequently, it is desirable 

to process measurements sequentially. This is particularly the case 

when the measurements themselves are taken sequentially in time. This 

leads to a recursive estimation procedure. A recursive estimator is 

an estimator of the form 

A A A 
X(n) = XU-1) + W(n)(y(n) - H(n)X(n-l) (7) 

where the nth measurement y_(n) is related to the state X by 

£(n) = H(n)X + V(n) 

and 

V(n) - noise in the nth measurement 

A 

X(n) = estimate of x at time n 

A 
X(n-l) = estimate of x at time n-1 

W(n) = weighting matrix. 

The most familiar form of the recursive estimator is the Kalman filter [5]. 

(A recursive implementation of the least squares estimation procedure can 

be traced back to Gauss himself, as noted in the Sorenson reference 

cited.) When the state vector itself is time varying with its be¬ 

havior governed by a linear matrix difference equation, 

x(n + 1) = A(n + l,n) x(.n) + ^ (8) 

with u^ a "white noise" forcing function (i.e., a sequence of independent 

zero mean random variables) the recursive estimation formula is modified 

to 
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If in addition the measurements y^ are related to the state vector x(n) by 

^(n) = H(n) x(n) + v(n) (10) 

where the v(n) form a sequence of zero mean independent random variables 

then the system performance is expressible in terms of the recursively 

generated error covariance matrix sequence P(n) given by L°J 

P(n) = (I-W(n)H(n))(<5>(n, n-l)P(y-l)<j>r(n, n-1) + Q) 

T T 
• (I - W(n)H(n)) + W (n) VW (n) (11) 

where V and Q are the covariances of v(n) and _u(n) respectively. It is 

important to note that the validity of this formula is in no way de¬ 

pendent on the particular form of the gain matrix sequence. This allows 

the system analyst to assess the performance of a variety of "suboptimal" 

filters as well as that of the optimal (Kalman filter). The determination 

of the performance of these suboptimal filters plays a vital role in 

system analysis since it is found that the performance of these simpler 

filters is often not substantially degraded from optimal filter per¬ 

formance . 

Before turning to a detailed consideration of examples of system 

performance assessment by utilization of the APL language, we present 

an overview description of the APL system operation. 

SYSTEM OVERVIEW OF THE APL INTERACTIVE TERMINAL 

Figure 1 depicts the system interactions of APL which is an out¬ 

growth of the work of K. E. Iverson which began at Harvard and continued 

at IBM. The name APL is derived from his book A Programming Language [2], 

The APL/360 system comprises four basic components, (a) the remote 

terminal, (b) users active work space, (c) users library workspaces, and 

(d) other available library workspaces. The APL/360 is the time-sharing 

computing system which used APL with the IBM System /360 computers. 

The remote typewriter terminal is equipped for tele-processing and 

is connected by telephone lines to the System/360. These telephone lines 

transmit the APL system commands and instructions to the computer and 

provide the computer response to the user. The time-sharing feature 

means that the central computer services many users at once, each user 

occupying a small fraction of the computer CPU time. The users inter¬ 

action with the CPU is of a conversational format in that the user is 

permitted to make a request, obtain an immediate answer, make another 

request, etc. In this way real-time operation is achieved which allows 

for immediate turn-around time and very rapid solution of problems. 
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FIGURE 1. System overview of the APL interactive terminal. 

A distinct advantage of APL is that no specialized Job Control 

Language (JCL) is required of the user. Many of the earlier programming 

languages required the user to be as conversant with the internal re¬ 

quirements of the computing system as with the particular language 

being used. This required specialized knowledge generally is not 

possessed by the analyst. APL/360 takes care of these JCL requirements 

automatically, simplifying use by the analyst. 

Three forms of workspaces are provided by APL. A workspace is 

a block of internal computer storage avialable to the user. The active 

workspace is where: (a) all the computations are performed, (b) the 

definitions of names, variables, functions, calculations, etc. are 

temporarily stored, and (c) other items affecting the how of calculation 

and print out are specified. 

The other workspaces are the users library workspaces, and other 

available library workspaces. The users library workspaces comprise 

blocks of storage of specified length in which information (functions, 

results, etc.) is stored. No computations may be performed in these 

workspaces. The user may either: (a) load or copy information, or 

(b) save information in these workspaces. Other library workspaces 

available to the user (provided the library calling information is 

available) are: (a) other users private library, or (b) the public 

libraries. Contained in these libraries are programs that a user may 

require for his application in solving a particular problem. 
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More information on the operation and use of the APL/360 language 

may be found in references [1] and [3]. 

SYSTEM PERFORMANCE ANALYSIS 

Both the theoretical approach to the system error analysis and a 

brief description of APL have been presented. The third major topic to 

be discussed is the application to the solution of a system error 

analysis problem utilizing APL. Toward this end we first examine the 

performance of the system depicted in Figure 2. This system is composed 

of "nodes" and "links". The nodes represent physical entities such as 

pieces of equipment. The links represent connections between the nodes 

by some form of communications. Reference to a specific physical problem 

has been purposely avoided since this is not required to illustrate 

the application of the technique. 

Our object is to determine the accuracy of location of a particular 

node, such as Node 6, as a function of the accuracy of the "measurements" 

(represented by the communication link between the nodes) and the a priori 

knowledge of the accuracy of the nodes. The specific equation to be 

employed in this analysis is Equation 5, where the C~1 represents the 

covariance matrix specifying the a priori knowledge of the nodes, and 

V is the covariance matrix of the errors in the measurements (represented 

by the links). Frequently, the error analysis is not concerned solely 

with determination of the accuracy of location of a node for a given 

fixed set of measurements and measurement accuracies. Rather, one 

wishes to make a parametric study as a function of the assumed measure¬ 

ment accuracies. In addition, it is often desirable to examine the 

consequence of deleting certain measurements. 

We now make some more specific assumptions about the system of 

Figure 2. To that end we introduce a rectangular X-Y-Z coordinate 

system with origin at Node 2 and with the Y axis along the line joining 

Nodes 1, 2, and 3. The coordinates of the nominal positions of the 

nodes relative to this frame are given in Table 1. 

TABLE 1 

Node X Y Z 

1 0 -50 0 

2 0 0 0 

3 0 50 0 

4 50 -20 2 

5 50 20 2 

6 Variable 0 5 
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FIGURE 2. Example of system comprising six nodes and seven 

communications links. 

It is assumed that all three coordinates of Node 2 are known 

exactly, as are the X and Z coordinates of Nodes 1 and 3. The Y co¬ 

ordinates of all nodes except Node 2 are assumed completely unknown a 

priori. The a priori uncertainties of the Y and Z coordinates of Nodes 

4, 5, 6 are characterized by standard deviations of 50 units. The APL 

analysis of this system can now readily be accomplished by character¬ 

izing it in the format of Equation 6. The state vector is the 11 com¬ 

ponent vector. 

X = Y4> z4’ V Y5’ Z5’ X6’ V V y3}- (12) 

The seven measurements are related to the state vector by the 7 by 11 

matrix M given by 
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0 -1 0 0 1 0 0 0 0 0 0 

(50-X)/Dl -20/DI -3/DI 0 0 0 X-50/D1 20/DI 3/DI 0 0 

0 0 0 (50-X)/Dl 20/DI -3/DI X-50/D1 -20/DI 3/DI 0 0 

50/D2 30/D2 2/D2 0 0 0 0 0 0 -30/D2 0 

0 0 0 50/D2 -30/D2 2/D2 0 0 0 0 30/D2 

50/D3 -20/D3 2/D3 0 0 0 0 0 0 0 0 

0 0 0 50/D3 20/D3 2/D3 0 0 0 0 0 

J 
D1 = yjoC-50)2 * <20)2 + (3)2 D2 = J (50)2 + (30)2 * (2)2 D3 = ^(50)2 t (20)2 + (2)2 

The a priori knowledge of the state vector is characterized by the 11 
by 11 symmetric matrix 

lim ( i] (I = 11 x 11 identity matrix) 

€ —- 00 

where the nonzero entries of C are 

C [2;2] = C [3;3] = c[5;5] = C [6;6] = C [7;7] = 2500. 

The measurement noise covariance matrix is assumed to be a diagonal 
2 

matrix o I, where I is the 7 by 7 identity matrix. 

Figure 3 shows the location accuracy of Node 6 as a function of its 

distance along the X axis expressed parametrically in terms of the 

measurement error standard deviation. Figure 4 shows the results of 

removing the data link between Nodes 4 and 5. This can be readily 

accomplished by deleting the first row of the measurement matrix M. 

As is intuitively plausible, the removal of this data link increases 

the location inaccuracy. 

We conclude by showing how simply the recursive estimation formula. 

Equation 11, can be expressed in APL notation. Given that I, W, H, Z, and 

A have been specified, Equation 11 is expressible as 

P-K<t>T+. x ( (A+. xp+. X(j>A)+0) + . x(T«-iJ>I-W+. xH) )+W+. xV+. x^W 

APL is of special assistance to the analyst in the treatment of 

recursive systems since explicit closed form solutions of recursive 

estimation problems exist in only the most trivial cases. For example, 

no closed form expression for the error covariance matrix appears to 

exist for the single two-state estimation problem of determining the 

optimal estimator for the dynamical system 
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FIGURE 3. Location accuracy of Node 6 as a function of measurement 

error. 
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FIGURE A. Location accuracy of Node 6 as a function of measurement 

error with data link between Nodes 4 and 5 removed. 
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Xx (n) 
_ 

1 1 \ (n-1) 
+ 

U1 (n) 

X2 (n) 0 1 X2 (n-1) U2 (n) 
- _ _ — — — 

observed by noise corrupted measurements 

Y1(n) = X1(n) + V(n). 

Indeed, even the expression of the limiting covariance lim P(n) given 

n-x= 

by Kalman ("New Methods in Linear Prediction and Filtering Theory" 

RIAS TR 61-1) occupies half a page in a compact notation. 
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BONE PATHOLOGY IN A PRE-COLUMBIAN DOG 

David W. Chase 

Auburn University 

How, when or where the long enduring partnership between dog and 

man began, no one will ever know. It is known that ice age evidence 

of this relationship is portrayed in cave drawings of Europe and the 

bones of dog and man have been found interred together — perhaps in 

the hope that they will share the hunt in another world. 

In North America, the dog must have crossed the land bridge 

from Asia with the very earliest hunters although confirmed dates for 

dog-man association finds have yet to reach much beyond ten thousand years 

ago. One dated site in Arizona indicates a dog find of 9500 B. C. 

(Colton, 1970). 

Elsewhere, dogs have been found throughout the New World on 

hundreds of archaeological sites. In Alabama, well preserved canine 

skeletons have been recovered from shell middens along the Tennessee 

River which date to Late Archaic times, probably not later than 2000 B.C. 

(Haag, 1948). Therefore, it can be assumed that the dog was a per¬ 

manent village resident among Alabama's Indians at least from that time 

on. 

The Indian dog seemed to have belonged to two basic species, 

generally referred to as the "large" dog and the "small" or "short¬ 

faced" dog. The large dog seemed to have been about the size of an 

airdale or perhaps a collie, whereas the small species was more like 

a terrier. Of the two types, the small dog was the earlier to appear 

in the New World. According to Harold S. Colton of the Museum of 

Northern Arizona, author of "The Aboriginal Southwestern Dog," few 

of the large dogs would date much before 800 A.D. (Colton, 1970). 

Dogs found by this writer in Central Alabama, numbering nine 

in all, were of the small short-faced type and occurred in sites of 

both Woodland and Mississippian provenience. 

This paper deals with a special phenomenon of bone pathology as 

seen in a prehistoric dog. During the late jnonths of 1967 and early 

spring of 1968, Hickory Bend, a large multiple component village site 

located 18 miles east of Montgomery on the south bank of the Tallapoosa 

River, was investigated. Analysis of the vertical profile data disclosed 

a sequence of almost continual occupation from Early Woodland times 

through what appeared to be an Alabama River phase of late Mississippian 

times. Each of the cultural horizons was represented by a form of 

settlement, some small or camp size, and others of village dimensions. 

In all, five distinct cultures contributed artifacts on the broad 

terrace which overlooked the river at that point. 

After its initial abandonment by the Deptford-like Cobb's Swamp 

phase, the site was later occupied by a populous group identified as 

the Hope Hull phase (Chase, 1968). The Hope Hull village, like most. 
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was quite large, encompassing roughly 8 acres. During the course of the 

project, twenty-nine human burials were found. Of these, over half 

were of Hope Hull provenience — the rest belonging to later Mississippian 

levels. 

Of special interest was the recovery of seven dogs, apparently 

buried in pits much as were the human occupants of the community. Of 

these, five were determined to have been buried during Hope Hull village 

times based upon pit fill analysis. Examination of these five Hope Hull 

period dogs disclosed crushed crania which apparently caused death in 

the animals. One of these slain dogs was found in a pit filled with 

approximately one foot of Hope Hull village refuse. Upon cleaning 

the skeleton, a thick coarse encrustation was observed covering the 

phalanges, the long bones and parts of the pelvis. The hind legs were 

most severly affected. 

These bones were considered to be abnormal and were taken to my 

veterinarian in Montgomery, Dr. Anthony Drake, who kindly took time from 

a busy schedule to examine them. It was Dr. Drake's opinion that the dog 

had suffered from hyperpulmonary osteoarthropathy also known as Marie 
Bamberger’s Disease. According to information gleaned from Catcott's 

Canine Medicine (Catcott, 1968) and Jones Veterinary Medicine (Jones, 

1965), the following seems to be the clinical picture in the typical 

case: "This rare disease in dogs also affects sheep, deer, horses, 

and lions, and even more rarely, human beings. Early symptoms appear 

as a cough or dyspea. A proliferation of new bone forms in distal 

elements such as the phalanges. This appears as an exostosis, an actual 

bone growth just beneath the periosteum which pushes outward as an 

irregular growth so that the bone surface appears quite rough. From 

phalangeal extremities, the affliction graduates to radius-ulna, 

tibia-fibula and finally the humerus and femur are involved. Terminal 

effects of the osseus growth and accompanying pulmonary lesions are 

fatal. The latter appear either as a bronchogenic carcinoma or as an 

advanced pulmonary tuberculosis." 

Other references describe visible symptoms in the living animal 

as lethargy, difficulty in walking, and indifference to food. All of 

these become more pronounced as the disease progresses. The legs tend 

to swell and are obviously quite painful. Such an animal In the throes 

of the final stages of the disease would certainly appear to be doomed 

and in the eye of its aboriginal owner, one might be justified in 

concluding, better off dead. 

The story of this curious find might not be worth describing 

in this paper except for one additional interesting fact. It seems 

that in recent years, a survey of reported cases of this disease was 

conducted nation-wide as a study of special interest to professional 

veterinarians. It was found, as a result, that the highest incidence 

of the disease was confined to an area within thirty miles of Auburn. 

It is worthwhile, I feel, to note that this isolated case occurred 

well over a thousand years ago in that very region. 
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THE ALABAMA ACADEMY OF SCIENCE - YESTERDAY, 

TODAY, AND TOMORROW1 

Joseph F. Volker 

President, University of Alabama in Birmingham 

The year was 1924; the place was Montgomery, Alabama; the event was 

the organization of the Alabama Academy of Science. It was made known 

to the outside world by a brief announcement in Vol. 59, page 481, of 

Science, which states: 

On April 4, there was organized at Montgomery, Alabama 

an Alabama Academy of Science with the following officers 

elected: 

President, Wright A. Gardner, Ph.D., head of the department 

of botany, Alabama Polytechnic Institute. 

First Vice-president, H. D. Pallister, Ph.D., head of the 

School of Mines, University of Alabama. 

Second Vice-president, Walter C. Jones, M.D., professor of 

zoology in the Birmingham-Southern College. 

Secretary-Treasurer, Sumner A. Ives, Ph.D., head of the de¬ 

partment of biology of Howard College. 

Honorary Bean, Eugene A. Smith, Ph.D., state geologist, 

University of Alabama. 

There were fifty-six members present and seventeen 

papers presented. The object of the organization is to pro¬ 

mote scientific research. The opportunity to become a 

charter member by paying the annual dues of one dollar to 

the Secretary-Treasurer has been extended to June 4. 

Sumner A. Ives, Secretary-Treasurer 

This interesting bit of information came to light as I researched 

the literature in preparation for my remarks tonight. But I could not 

pass up the opportunity of a further study of the 1924 volumes so that 

I might have a better understanding of the state of science at the birth 

of the Academy. Obviously it is impossible to be comprehensive, but 

perhaps a few selected titles are revealing: "The Food Supply," "A 

New Method of Obtaining Mosaic 'Virus'," "The Artificial Kidney," 

"Ethyl Gasoline," "Plants and Solar Energy" (1,2,3,4,5). All of these 

subjects are of current interest and importance. 

When one reviews the titles of the papers presented at the first 

meeting, it is apparent that the early interests of the Alabama Academy 

of Science, like those of the parent American Association for the 

Advancement of Science, were cosmopolitan. The subjects included: 

Address, Fiftieth Anniversary Banquet, Birmingham, Alabama, 

April 5, 1974. 
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"Some Effects Produced in Man by Eating Velvet Beans," by Emerson 

R. Miller 

"Velvet Beans as a Ration for Brood Sows," by Emerson R. Miller 

"Abnormal Deviations of the Spine," by Charles K. Zeilman 

"Low Temperature Precipitation of Iron," by C. A. Basore 

"Electrolytic Calcium Arsenate," by Stewart J. Lloyd 

"The State Mine Experiment Station and its Relation to the Mining 

and Metallurgical Industries," by H. P. Pallister 

"Leukocytic Indices of the Body Resistance, with Report of a New 

Index," by Walter Clinton Jones 

"The Mexican Cotton Boll Weevil as a National Problem," by W. E. 

Hinds 

"The Decomposition of Organic Toxins by Soil Organisms," by Wright 

A. Gardner 

"Historical Sketch of the Alabama Industrial and Scientific 

Society," by Eugene Allen Smith 

"Ozone Manufacture and the Energy Relations in its Formation," 

by P. C. Saunders 

"Ecological Survey of the Flora of the Birmingham District," by 

Sumner A. Ives (6), 

Much of the beginnings of science in the State and the emergence 

of the Alabama Academy have been carefully recorded in a 1963 monograph, 

A History of the Alabama Academy of Science, edited by Clyde H. Cantrell, 

Paul C. Bailey, and S. B. Barker (7). It is dedicated to Wright A. 

Gardner, the key founding member of the Academy and its first president. 

Dr. Gardner received his Ph.D. at the University of Chicago and was 

professor and chairman of the department of botany and plant physiology 

at Auburn, beginning in 1917. 

From the very beginning, the organization has had broad repre¬ 

sentation in the State. The 1924 annual meeting in Montgomery was 

followed by a 1925 meeting in Mobile and a 1926 meeting in Birmingham. 

There is every evidence that the latter, the Birmingham meeting, was a 

great success. Fifty members and eighty visitors were present, by far 

the largest and most enthusiastic attendance up to this time. Twenty- 

one papers were presented, and twenty-seven persons were elected to mem¬ 

bership in the Academy. Of even greater importance, it was at this 

meeting that the membership voted to file application for affiliation 

in the American Association for the Advancement of Science. 

It is apparent that in a presentation of this kind it is impossible 

to do justice to all of the aspects of the Academy's history. Accord¬ 

ingly, I have elected to sample two years, with the hope that they will 

give some flavor of our intervening progress. 

The tenth meeting was held in Birmingham on March 10 and 11, 1933. 

It was presided over by the president. Dr. John F. Duggar, of Auburn. 

The program included sixty-five papers and three demonstrations. 

Again, the titles are revealing. Because of past associations, 

attention was drawn to those by Walter B. Jones, University of Alabama, 

on "Moundville Culture;" Roland B. Harper, University of Alabama, "Some 

18th Century Vital Statistics;" Patrick H. Yancey, Spring Hill College, 
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"Effect of Experimental Cell Disorganization on the Heredity of Parame¬ 

cium;" and John Xan, "Preparation of New Hydrazones of Hydrazine Hydrate." 

Other essayists included colleagues I came to know during my early days 

at UAB's Medical Center, Tom Hunt, Jim Foley, Kendrick Hare, Ralph 

McBurney, and of course, Mike Carmichael. I noted with surprise and 

pleasure that one of the papers presented was "A Study of the Effect of 

Recrystallization of Reagent Quality Chemicals on pH Values of Standard 

Buffer Solutions," authored by Lindsey Oden and James Kassner. The 

latter was a long time stalwart of the Academy (President 1946-47) and 

a great advocate of the Junior Academy. Mr. Oden, now retired, was a 

teacher of chemistry at the Birmingham Extension of the University of 

Alabama and later a member of the administration of UAB. 

This meeting marked the organization of the Junior Academy, an 

important landmark in the history of this association. The undertaking 

had been strongly endorsed in a report by Dr. Carmichael at the pre¬ 

ceding annual meeting. 

The thirty-first meeting was held in Montgomery in the spring of 

1954, the third time that city hosted the event. I was the President 

and had the opportunity of knowing firsthand of the vast amount of 

work that is needed to put together events such as this. The occasion 

is documented in Volume 26 of the Journal of the Alabama Academy of 
Science. This issue is dedicated to the memory of John Xan, President 

in 1947-48, who died shortly after the 1954 meeting. It is noteworthy 

that earlier in that year Dr. Xan had been selected as "Second recipient 

of the Jack Flack Norris Award (national) for excellence in the teaching 

of chemistry. He brought recognition to this state and his college." 

Seventy-seven papers were given by senior members of the Academy. 

Recognizing my personal bias, I remember being very pleased with the 

scientific merit of the presentations. As I reread the program, it was 

impressive to note that many of the essayists from the 1933 meeting 

had remained active. Walter Jones, Tom Hunt, and Mike Carmichael are 

examples that come to mind. And this time, Roland Harper had moved 

from 18th century vital statistics to "An Analysis of the 1950 Popu¬ 

lation of Alabama." Another presentation that caught my eye was that of 

Jim Sulzby (President 1965-66) , "Planning as a Science in the Economy 

of a City." I made a mental note to Xerox his paper and transmit it to 

our City Council as they grapple with present day problems of our 

community. 

It was with special pleasure that I reviewed the program of the 

Junior Academy, which was completing its second decade of operations. 

Sixteen selected papers were read, and the exhibits included nine in 

biology, four in chemistry, three in physics, and nine in science and 

industry. The five finalists in the Gorgas Scholarship competition of 

that year elected to study chemistry at Birmingham-Southern, physics 

at the University of Alabama, science at Auburn, bacteriology at the 

University of Alabama, and chemistry at Tuskegee. 

The individual membership of the Senior Academy stood at 340. At 

the moment, twenty years later, the current membership numbers 834. 
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Although I do not have precise figures on the membership of the 

Junior Academy, I am told that eighty-six high school science clubs 

participate in its activities and that at this, their 40th annual 

meeting, there are approximately two-hundred registrants. As I read 

the program, I was especially pleased to see that Alabama Junior Academy 

of Science-Junior Science and Humanities Symposia prize-winning papers 

are included, as are some from undergraduate students at colleges in 

the state. 

The vitality of the Junior Academy is a continuing tribute to those 

members of the senior Academy who have given freely of their time in 

its behalf. This year is no exception, and a special thanks should be 

accorded to Dr. S. B. Barker, Chairman of the Board of Trustees of the 

Alabama Academy of Science, and Mr. James J. Fagan of Redstone Arsenal, 

and the twenty organizations that co-sponsor the Junior Science and 

Humanities Symposia. 

In summarizing the past, it is evident that during the fifty years 

of its existence, the Academy has had approximately a fifteen-fold in¬ 

crease in its membership and the number of presentations at its annual 

meeting. The latter have been duly recorded in forty-four volumes of 

its journal. It has contributed greatly to the scientific growth of 

the State by sponsoring an Alabama Junior Academy of Science that is 

meeting jointly with us and is celebrating its fortieth annual meeting. 

The last six of these have featured the Alabama Junior Science and 

Humanities Symposia. 

Since 1948, it has conducted the Alabama State Science Talent 

Search for the purpose of identifying the winners of the General William 

Crawford Gorgas Scholarships. 

These past accomplishments are deserving of a fiftieth year cele¬ 

bration, but we are challenged by the opportunities in science that are 

before us. In my Presidential Address twenty years ago, I said: 

As part of my official duties I have had the opportunity 

of traveling extensively within the boundaries of this state. 

In these journeys I have come to expect that my various hosts 

will impress upon me the importance of the natural resources 

of their area. Repeatedly I have been told of the hydroelectric 

power of the Tennessee Valley, the coal, iron, and lime of the 

Birmingham area, the phenomenal growth of the Mobile harbor 

tonnage and the tremendous cattle expansion centered about 

Montgomery. I would not argue that this is unimportant but 

in my considered opinion it has tended to obscure the impor¬ 

tance of our most precious natural resource, gifted people, or 

might I say, the gifted person. The latter qualification is 

important because all too often when we think of manpower 

resources we emphasize quantity to the exclusion of quality (8). 

In the intervening years, much has been accomplished to bring our 

natural and manpower resources into balance. There has been an improve¬ 

ment in science teaching in the high schools, and a new and extensive 

junior college system affords many of our citizens the opportunity to 

continue their science studies. Today, almost every Alabamian lives 
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within commuting distance of a degree granting college or university, 

and there are substantial in-state possibilities for training at the 

doctoral level in the natural sciences and mathematics and in the bio¬ 

medical sciences. A recent study of the freshmen enrolling at UAB 

indicates that their scores on national examinations exceed the national 

norm in all areas but that their best performance is in natural science. 

And, I assume that this experience is shared by our sister institutions 

of higher learning within the state. 

In this interval, too, we have seen two new centers of high level 

science emerge in Alabama, the aerospace concentration in Huntsville 

and the biomedical complex in Birmingham. An important ingredient in 

each instance was the continuing reservoir of talent produced by the 

educational institutions of the state. At the moment and in the fore¬ 

seeable future, the judicious application of our natural resources 

should permit us to contribute significantly to the solution of national 

and international problems. In the days immediately ahead, as we con¬ 

tinue with our space explorations and our medical discoveries, we should 

be able to address our talents to increase the production of food to 

satisfy the nutritional requirements of citizens at home and abroad and 

to develop technology that will provide the energy to support industrial 

growth and make available power for personal use. 

Substantial progress has been made toward these goals. Numerous 

examples can be cited. We are among the nation's leaders in the pro¬ 

duction of beef and poultry products, and we are rapidly moving toward 

this status in the production of soybeans. Thanks to the pioneering 

efforts of Auburn University, we are a recognized leader in fishfarming, 

and with the creation of the Alabama Marine Environmental Sciences 

Consortium and its superior laboratory facilities at Dauphin Island, we 

have a similar leadership opportunity in cultivation of the sea. 

The current industrial energy crisis has focused attention on our 

needs for fossil fuels. It has emphasized our immediate dependency on 

coal and the requirement for new sources of crude oil and natural gas. 

We have the former in abundance and have promise of the latter as our 

offshore areas are explored. As we address ourselves to these problems, 

we should recognize the long range possibilities of solar energy and 

expand our efforts to meet this challenge. 

I am confident that, as we move in these new directions, our 

scientists and engineers will develop the technology that will permit 

us to reap the benefits of these natural resources and, at the same 

time, maintain and improve the quality of our environment. 

As I searched for a concluding remark, I recalled the closing words 

of my 1954 address to this group. On that occasion, I said: 

The spirit of scientific inquiry should live in fact as 

well as in speech. . . the best protection we can buy is not 

diversified industrial stocks or carefully planned annuity 

schemes, but the time and energy and monies that are spent in 

seeking out, developing and maintaining our most precious natural 

resource, the gifted youth of today who is the creative scientist 

of tomorrow, for it may be his genius that will permit our way of 

life to long endure (9). 
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FUNGI OF ALABAMA II. DEMATIACEOUS HYPHOMYCETES 

G. Morgan-Jones and Elizabeth A. Wiggins 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

INTRODUCTION 

In the first paper of this series (Morgan-Jones 1974) ten hyphomy- 

cetes possessing pigmented conidiophores and pigmented or hyaline to 

subhyaline conidia were described. In this paper and the one to follow, 

some additional dematiaceous hyphomyc.etes collected in Alabama will be 

considered. 

TAXONOMIC PART 

Curvularia protuberata Nelson and Hodges, Mycologia 57, 823, 1965 (Fig. 1). 

Colonies effuse, blackish olivaceous, cottony. Mycelium immersed 

in the substratum, composed of branched, septate, very pale brown hyphae, 

2.5-4 y wide. Stromata formed sparingly in culture, erect, columnar, 

black. Conidiophores macronematous, mononematous, flexuous, geniculate 

towards the apex, pale brown to brown, paler distally, smooth-walled, 

90-180 x 3-4.5 y. Conidiogenous cells monotretic or polytretic, inte¬ 

grated, terminal and intercalary, sympodial, cylindrical, occasionally 

slightly swollen. Conidia solitary, acropleurogenous, simple, straight 

or, more usually, slightly curved, ellipsoidal, 4-septate (rarely 3), 

pale brown, median cell larger and darker than others, end cells very 

pale to subhyaline, smooth-walled, basal cell tapering to a protuberant 

hilum, 28-36 x 9-12 y. 

On unidentified grass, Auburn, Alabama, April 1974, S. P. Singh, 

AUA. Culture derived from this collection ATCC 28072. 

Colonies on potato dextrose agar floccose, becoming felted as the 

colony ages, gray to dark olive green or black. Reverse black. 

Drechslera state of Cochliobolus spicifer Nelson, Mycologia 56, 198, 

1964 (Fig. 2). 

Colonies effuse, gray to blackish, hairy or cottony. Mycelium 

mostly immersed in the substratum, composed of branched, septate, pale 

brown, sometimes somewhat roughened, hyphae, 2.5-5 y wide. Conidiophores 

macronematous, mononematous, solitary or in groups, flexuous, branched 

or unbranched, extensively geniculate, with numerous relatively close 

septa, pale brown to brown, paler towards the distal end, smooth-walled, 

160-280 x 4-8 y. Conidiogenous cells monotretic or polytretic, inte¬ 

grated, terminal and intercalary, sympodial, cylindrical. Conidia 

solitary, acropleurogenous, simple, oblong with obtuse ends, 3-septate 

(pseudoseptate), smooth-walled, yellowish brown, 25-40 x 9-14 y. 

On moldy bermudagrass hay (Cynodon daatylon (L.) Pers.), Autauga 

County, Alabama, November 1973, G. Morgan-Jones, AUA. Culture derived 

from this collection ATCC 26855. 

201 



Journal of the Alabama Academy of Science 

202 

F
IG

U
R

E
 

1
. 

C
u
rv

u
la

ri
a
 
p
ro

tu
b
e
ra

ta
 

F
IG

U
R

E
 

2
. 

D
re

c
h
s
le

ra
 
s
ta

te
 

o
f
 

C
o
c
h
li

o
b
o
lu

s
 
s
p
ic

if
e
v

 



Fungi of Alabama 

Colonies on potato dextrose agar floccose to felted, aerial mycelium 

not always abundant, white to grayish to olive green. Reverse dark olive 

green to black, irregularly striate, submerged hyphae sometimes aggre¬ 

gated into strands. 

Drechslera halodes (Drechsler) Subram. and Jain, Curr. Sci. 35:354, 

1966 (Fig. 3). 

E Helminthosporium halodes Drechsler, J. Agric. Res. 24:709, 1923 

Colonies effuse, grayish olivaceous to blackish brown, hairy or 

cottony. Mycelium mostly immersed in the substratum, composed of 

branched, septate, pale brown, smooth-walled hyphae, 3-5 y wide. 

Conidiophores macronematous, mononematous, arising singly or in pairs, 

or sometimes in groups of four, straight or somewhat flexuous, sparsely 

geniculate and paler towards the distal end, brown, septate, smooth- 

walled, 80-160 x 4-8 y. Conidiogenous cells monotretic or polytretic, 

integrated, terminal and intercalary, sympodial, cylindrical. Conidia 

solitary, acropleurogenous, simple, straight or very slightly curved, 

cylindrical or ellipsoidal, obtuse at the apex, 6 to 8-septate (pseudo- 

septate), smooth-walled, yellowish brown, end cells subhyaline and 

delimited from the rest of the conidium by thick dark septate, abruptly 

tapering at the base to a distinct hilum, 34-95 x 10-18 y. 

On moldy bermudagrass hay (Cynodon daotylon (L.) Pers.), Autauga 

County, Alabama, November 1973, G. Morgan-Jones, AUA. Culture derived 

from this collection ATCC 26856. 

Colonies on potato dextrose agar abundantly floccose, white to 

grayish olive green, frequently broadly zonate. Reverse black to olive, 

densely mottled, delicately striate at the edge. 

Helicoma viridis (Corda) Hughes, Can. J. Bot. 36:722, 1958 (Fig. 4). 

= Helicoryne viride Corda, Icon. Fung. 6:9, 1854 

Colonies effuse, olivaceous brown, delicately hairy. Mycelium 

partly immersed, partly superficial, composed of branched, smooth-walled, 

pale brown hyphae 3-5.5 y wide. Conidiophores arising from the super¬ 

ficial hyphae, macronematous, mononematous, singly or in groups, simple 

or very rarely branched, occasionally anastomosing, straight or slightly 

flexuous, erect, smooth, thick-walled, septate, pale yellowish brown to 

mid brown, paler towards the apex, 65-160 x 6-8 y. Conidiogenous cells 

mono or polyblastic, integrated, terminal and intercalary, cylindrical, 

bearing one to three broad, lateral, cylindrical pegs, pegs sometimes 

subterminally inflated and delimited by a septum, sometimes branched, 

4-9 x 2.5-5 y in diameter. 

On decorticated wood. Auburn, Lee County, Alabama, 2 April 1974, 

E. A. Wiggins, AUA. 

This species was given a new name, Helicoma proliferens, by Linder 

(1929) based on a collection by R. Thaxter from West Haven, Connecticut, 

10 November 1888. We have examined one other North American collection, 

made by W. B. Kendrick on bark of (?) Acer} Warrensburg, N.Y., 3 October 

1957, DAOM 63882. 
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Reliaosporium aureum (Corda) Liner, Ann. Mo. Bot, Garden 16:279, 1929 

1929 (Fig. 5). 

= Heliaomyces aureus Corda, Icon. Fung. 1:9, 1837 

Colonies effuse, sometimes extensive, yellow to pale olive yellow, 

cottony. Mycelium partly immersed in the substratum, partly superficial, 

composed of branched, smooth-walled, pale yellowish brown hyphae, 3-4 y 

wide. Conidiophores arising from the superficial hyphae, macronematous, 

mononematous, simple at first, branched once or twice distally at 

maturity, subulate, branches at almost right angles to the stipe and 

constricted toward the point of origin, straight or slightly flexuous, 

erect, smooth, thick-walled, septate, mid to dark brown in lower part, 

pale brown to subhyaline at the tip, 370-450 x 4-5 y, tapering to 2 y 

wide. Conidiogenous cells monoblastic or, more frequently, polyblastic, 

discrete, irregularly flask-shaped, relatively thin-walled, hyaline, 

sympodial, denticulate, denticles short, cylindrical, narrow, produced 

laterally from the stipe through a minute but distinct pore in the wall 

and restricted to a fertile region in the lower portion, well below the 

point of origin of the branches, 5-9 x 3,5-5 y. Conidia solitary, dry, 

pleurogenous, simple, helicoid, 2-3 times coiled in one plane, hyaline, 

yellowish in mass, guttulate, sometimes indistinctly 6 or more septate, 

smooth-walled, obtuse at the apex, subtruncate at the narrow base, 

15-25 y in diameter, filaments 1.5-2 y wide. 

On decorticated wood. Auburn, Lee County, Alabama 2 April 1974, 

E. A. Wiggins, AUA. 

Nigrospora sphaerisa (Sacc.) Mason, Trans. Br. mycol. Soc. 12:158, 1927 

(Fig. 6). 

= Triohosporiwn sphaeriaum Saccardo, Michelia 2:579, 1892 

Colonies effuse, at first white, then black as sporulation occurs. 

Mycelium partly superficial, partly immersed, composed of septate, sub¬ 

hyaline to very pale brown, 2.5-5 y wide hyphae. Conidiophores micro- 

nematous or semimacronemacous, flexuous, branched, septate, smooth-walled 

subhyaline to pale brown, 4-7 y wide. Conidiogenous cells monoblastic, 

discrete, solitary, terminal and intercalary, determinate, ampulliform, 

subhyaline to hyaline, 6-8 x 7-11 y. Conidia solitary, acrogenous, 

simple, unicellular, globose to broadly elliptical, compressed dorsi- 

veritrally, black, smooth, 15-18 y diameter. 

On moldy bermudagrass hay (Cynodon dactylon (L.) Pers.), Autauga 

County, Alabama, November 1973, G. Morgan-Jones, AUA. Culture derived 

from this collection ATCC 26858. 

Colonies on potato dextrose agar cottony, densely tufted, white 

to grayish when old, sporulating sparsely, except when exposed to 

near ultraviolet radiation. Reverse irregularly mottled, gray to 

olive green. 
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Pithomyces chartarum (Berk, and Curt.) M. B. Ellis, Mycol. Pap. 76:13, 

1960 (Fig. 7). 

= Sporidesmium chartarum Berkeley and Curtis, apud Berkeley, 

Grevillea 3, 26:50, 1874. 

Colonies punctiform, gregarious, black occasionally become con¬ 

fluent. Mycelium mostly superficial, composed of branched, septate, 

sometimes anastomosing, subhyaline to very pale olive brown, smooth or 

rarely verruculose, 2-4.5 y wide hyphae. Conidiophores micronematous, 

simple or branched, straight or slightly flexuous, cylindrical, sub¬ 

hyaline to very pale olive, smooth or occasionally minutely verruculose, 

sometimes proliferating percurrently, 3-12 x 2-3 y. Conidiogenous cells 

monoblastic, integrated, cylindrical. Conidia solitary, acrogenous, 

simple, broadly ellipsoidal, with usually three, sometimes four, trans¬ 

verse septa and one longitudinal septum dividing each of the middle 

cells, slightly constricted at the septa, thick-walled, brown, end 

cells paler, verruculose, with a small basal marginal frill, 18-28 x 

10-16 y. 

On moldy bermudagrass hay (Cynodon dactyton (L.) Pers.), Autauga 

County, Alabama, November 1971, G. Morgan-Jones, AUA. Culture derived 

from this collection ATCC 26993. 

Colonies on potato dextrose agar felted, aerial mycelium sparse 

except in the colony centre which is somewhat floccose, olive green to 

blackish, centre pale grayish green, with one or two broad concentric 

zones. Reverse gray to black in centre and mottled, dark olive green 

and striate elsewhere. 

P. chartarum, which was originally described from a collection on 

decayed paper made in North Carolina, is cosmopolitan in its distri¬ 

bution. It is known to produce a toxin, sporidesmin, and has been im¬ 

plicated as the causal organism of facial eczema and photosensitization 

in sheep and cattle in New Zealand. 

Podosporium rigidum Schweinitz, Trans. Am. phil. Soc., II, 4:278, 1832 

(Fig. 8). 

Colonies effuse with scattered or somewhat gregarious, black, erect 

synnemata. Mycelium immersed in the substratum, composed of branched, 

septate, pale brown, smooth-walled, 2.5-4 y wide hyphae. Stroma well 

developed, immersed, composed of isodiametric or elongate cells, dark 

brown, psuedoparenchymatous. Synnemata cylindrical, up to 2 mm in 

length, 30-75 y in diameter. Conidiophores macronematous, synnematous, 

erect, straight or somewhat flexuous, slender, pale brown to brown, 

smooth-walled, septate, cylindrical, unbranched, swollen and bent towards 

the apex and protruding laterally from the synnema, 3-4 y wide, 7-10 y 

wide at the swollen subapical region. Conidiogenous cells monoblastic, 

integrated, terminal, sometimes proliferating percurrently. Conidia 

solitary, acrogenous, dry, simple, obclavate, 5 to 7 septate, pale brown 

to brown, slightly paler towards the apex, smooth-walled, obtuse at the 

apex, narrowly truncate at the base, 36-58 x 8-12 y. 
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On unidentified twig, Chewacla State Park, Lee County, Alabama, 4 

April 1974, G. Morgan-Jones, AUA, IMI 186582. 

Tetraploa aristata Berkeley and Broome, Ann. Mag. nat. Hist., 2, 5:459, 

1850 (Fig. 9). 

Colonies effuse, grayish brown, sparse. Mycelium superficial, com¬ 

posed of branched, septate, smooth-walled, hyaline to very pale brown 

hyphae, 1.5-3 p wide. Conidiogenous cells monoblastic, rarely poly- 

blastic, integrated, intercalary, cylindrical, smooth-walled, subhyaline 

to very pale brown. Conidia solitary, pleurogenous, dry, 

elliptical at first, becoming somewhat obovate, yellowish brown, thick- 

walled, verruculose, muriformly septate, 24-32 x 13-18 p, with usually 

three transverse septa and four columns of cells, each column terminating 

distally in a long, subulate, septate, cellular, setiform, divergent, 

smooth-walled, very pale brown to subhyaline appendage, 24-62 x 4-8 p 

wide at the base, 2-3.5 p wide at the apex. 

On twig of Pinus sp.. Auburn, Lee County, Alabama, 10 June 1973, 

G. Morgan-Jones, AUA; on unidentified grass, Auburn, Lee County, Alabama, 

May 1974, S. P. Singh, AUA. 

Xenosporium berkeleyi (Curtis) Pirozynski, Mycol. Pap., 105:27, 1966 

(Fig. 10). 

= Heliooma berkeleyi Curtis, Am. J. Sci. II, 6:352, 1848. 

Colonies effuse, olive black to black, velvety, usually dense but 

sometimes rather sparse. Mycelium mostly superficial, composed of 

branched, smooth-walled, yellowish brown hyphae, 3-6 p wide, sometimes 

aggregated into knots. Conidiophores arising from the superficial 

hyphae, macronematous, mononematous, scattered or closely arranged, 

simple or frequently branched, straight or somewhat flexuous, erect or 

repent, yellowish to reddish brown to brown, thick-walled, smooth, closely 

septate, 20-65 x 5-7 p. Conidiogenous cells monoblastic, integrated, 

terminal, determinate, cylindrical. Conidia solitary, dry, acrogenous, 

helicoid, 3/4 to 1 times coiled, yellowish brown, thick-walled, smooth, 

muriformly septate, composed of two rows of cells, but apical cell and 

sometimes one or more subapical cells not longitudinally septate, 

bearing along the inner curved side a subglobose, globose, dark brown, 

unicellular 'secondary conidium', obtuse at the apex, truncate at the 

base, the basal cell and the 'secondary conidium' notably darker than 

the rest of the conidium, 22-27 p diameter, 7-11 p wide, secondary 

conidia 4-7 p wide. 

On decorticated wood, Auburn, Lee County, Alabama, 2 April 1974, 

E. A. Wiggins, AUA. 

X. berkeleyi is tropical to subtropical in distribution. It has 

been recorded from Bermuda, Brazil, Trinidad, Uganda and from the 

southern United States. There is one previous record of it from Ala¬ 

bama, based on a collection made at Montgomery (Linder, 1929). 

209 



Journal of the Alabama Academy of Science 

210 

F
IG

U
R

E
 

9
. 

T
e
tv

a
p
lo

a
 
a
r
is

ta
ta
 

F
IG

U
R

E
 

1
0

. 
X

e
n

o
sp

o
ri

v
m
 
b
e
rk

e
le

y
i 



Fungi of Alabama 

We thank Mr. 

made by him. 

ACKNOWLEDGEMENT 

S. P. Singh for allowing us to study two collections 

REFERENCES 

LINDER, D. H. 1929. A monograph of the helicosporous Fungi Imperfecti 

Ann. Mo. Bot. Gard. 16:227-338. 

MORGAN-JONES, G. 1974. Fungi of Alabama. I. Dematiaceous hyphomycetes 

J. Ala. Acad. Sci. 45:144-155. 

211 



Journal of the Alabama Academy of Science 

THE WESTERN ALLIES AND TURKISH NEUTRALITY: 

THE CASABLANCA CONFERENCE, 1943 

J. Albert Bailey 

Department of History 

University of Alabama, Huntsville 

ABSTRACT 

The Western Allies initiated serious efforts to persuade Turkey to 

enter the war on their side at the Casablanca Conference in January 1943. 

Although Churchill, Roosevelt, and Stalin had previously indicated 

interest in a general approach to Turkey, with the aim of detaching her 

from her position of neutrality in the war, it was the British argument 

at Casablanca which initiated conversations with Turkish leaders on 

the subject. Immediately following the Conference meetings, Churchill 

and his civilian and military advisors met with Turkish President Inonu 

at the town of Adana in southern Turkey. Meetings among Allied and 

Turkish leaders would continue throughout 1943 but would not achieve 

the objectives set forth at Casablanca; Turkey remained neutral until 

the very last months of the war. 

The records of the Casablanca Conference reveal that the approach 

to Turkey was very much a personal desire of Prime Minister Churchill. 

Neither the British Foreign Office nor, to a lesser extent, the British 

military leaders were enthusiastic about the diplomatic initiative. 

President Roosevelt gave general approval to Churchill's plan but little 

more; the American military leaders exhibited serious doubts on the 

subject. 

Since a move to induce Turkey to enter the war involved deeper 

questions of diplomacy and military strategy, the divergence of the 

Western Allies first apparent at Casablanca on the matter reveals dif¬ 

fering political and military aims. The growth of American military 

and diplomatic power in the latter years of the war would relegate 

British ambitions, including those toward Turkey, to a secondary 

position. 

Among the many issues considered by President Roosevelt and Prime 

Minister Churchill at their dramatic conference in North Africa in 

January 1943 were the problems and opportunities posed by the position 

of Turkey, a nation maintaining neutrality in the war yet a formal ally 

of Great Britain since 1939.1 Turkey's diplomatic stance as a "non¬ 

belligerent ally" of the British, in which she was receiving military 

materiel and economic aid from both Britain and the United States, was 

a somewhat complicated one. The Turkish Republic, ever sensitive due 

to her geographical location and her history to the policies of the 

Soviet Union, had entered into a Treaty of Friendship and Non-Aggression 

with the German Reich just four days before Hitler's attack on Russia 

in June 1941.^ 

The Turkish role as of early 1943 displayed many of the same attri¬ 

butes as were common to other small power neutrals in Europe during the 
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Second World War. She desired to remain out of the war lest devastation 

threaten the nation's independent existence; she also hoped to maintain 

correct diplomatic and economic relations with states on either side of 

the conflict.3 

Yet Turkey's special situation caused perplexing problems for the 

Ankara government; in them would lie the opportunities discernible to 

the Western Allies, particularly Churchill, to move Turkey toward a 

place in the "Grand Strategy" of the war. General sympathy in Ankara 

for the cause of the Allies was countered by a real fear and distrust 

of one of their number, the Soviet Union. If the Turks could have 

directed a wartime scenario to their liking, it would have featured 

victories by British and American armies along with a German-Russian 

standoff in the East, mutually exhausting to the two latter powers. 

Such a scenario would remain in the realms of fiction, however, 

as the military events of the 1942-43 winter were proving. As a British 

army advanced westward through North Africa from El Alamein in the fall 

of 1942, an Allied force was landed in French North Africa to aid in 

the objective of eliminating Rommel's army from the southern shore of 

the Mediterranean. Of greater strategic importance were the climactic 

events unfolding at Stalingrad during the same winter months. The 

results of the battle on the Volga would turn the course of the war in 

the East, mark the ascendency of Russian arms, and begin the steady 

progress toward Berlin by the Red army. 

Thus the Casablanca Conference took place as, for the first time 

in the war, definite prospects of victory for the Allies were apparent. 

Not only was this true in the European theater of operations but of¬ 

fensives were now underway against the Japanese in the Pacific. For 

the President and the Prime Minister, gathered with their advisors and 

military staffs on the grounds of the Anfa Hotel outside the Casablanca, 

1943 offered the clear goal of victory. But by what means the goal was 

to be reached remained somewhat cloudy. 

In preparing for the Casablanca meeting, both British and American 

planners were compelled to consider such military questions as the 

further disposition of Allied armies after the victory in North Africa 

had been won. With this question was linked the overriding considera¬ 

tion of when to launch the "Second Front" in Northwestern Europe, an 

operation demanded by Premier Stalin with increasing impatience. Here 

was joined the now famous debate known as the "Mediterranean versus 

Overlord."4 

Included in the diplomatic matters to be considered at Casablanca 

was the touchy question of the DeGaulle-Giraud rivalry and its implica¬ 

tions for the future of France. Diplomatic relations with the two 

neutral nations at either end of the Mediterranean, Spain and Turkey, 

also entered into the considerations of the conference planners. Spain, 

principally due to her geographic proximity to the military operations 

involved in Operation Torch, the landings in November 1942; Turkey, 

because she began to fit into the picture of future possible moves in 

Mediterranean strategy. Toward both states Roosevelt and Churchill 

could bring, at Casablanca, the "greater bargaining power" accruing to 

them thanks to the victories of Allied arms. 
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Perhaps partially prompted by memories of the ill-fated Gallipoli 

campaign in the First World War, the British Prime Minister's mind had 

long considered active Turkish participation in the current struggle.6 

In the months preceding the Casablanca meeting, he included the question 

of Turkey in messages to both Roosevelt and Stalin.7 Although Churchill 

connected Turkish cooperation in the Allied cause with a number of pos¬ 

sible goals, including the bombing of Rumanian oil fields and the 

opening of the Black Sea for the passage of supplies to the Soviet Union, 

he did specify that "a new intense effort" be made to induce Turkey to 

enter the war in the spring of 1943.8 The Prime Minister proposed to 

both Roosevelt and Stalin a guarantee of Turkish territorial integrity 

by all three Allies as a part of his approach to Ankara.9 

More surprising than Churchill's enthusiasm toward an approach to 

Turkey is the general agreement with the venture expressed by the 

American President and the Soviet leader. Roosevelt had mentioned in 

a November 1942 message to the Prime Minister, "the possibility of ob¬ 

taining Turkish support for an attack through the Black Sea against 

Germany's flank."1 Stalin's approval of a move toward Turkey was more 

generally expressed but he did agree with both Western leaders that it 

"would be desirable to do everything possible to have Turkey enter the 

war on our side in the spring."11 Thus, the North African conference 

began in mid-January with the formal, if somewhat general, agreement 

among Washington, London, and Moscow that something should be done with 

Turkey. 

General Sir Alan Brooke, the Chief of the Imperial General Staff, 

presented the British military argument for an initiative toward Ankara 

during the very first hours of the Casablanca Conference. Speaking at 

a meeting of the Combined Chiefs of Staff on January 14, Brooke included 

formal Turkish adhesion to the Allied side in his arguments for con¬ 

tinued Mediterranean operations. This strategy he saw as the best means 

by which British and American armies could contribute to the "knocking 

out of Italy" and to extending the "best aid" to Russia.12 

A decidedly less enthusiastic American view toward the Turkish 

initiative was not long in emerging. Neither the President nor General 

George Marshall, the Army Chief of Staff, was prepared to extend any¬ 

thing but perfunctory support to the British on the question. Roosevelt 

remarked at a meeting with his military chiefs the following day that 

Turkish entrance into the war was a matter "for the diplomats to settle;" 

nor did the President wish to be "in the position of over-promising any¬ 

thing to the Turkish government."13 Thus initiative on the question was 

left to the British military leaders who, with their better prepared 

arguing position, took up the cause at a Combined Chiefs of Staff meeting 

that afternoon.14 

The British continued to support Churchill's plea for the Turkish 

approach in a joint meeting of the President, Prime Minister, and the 

military chiefs later on the afternoon of January 15. Brooke and Air 

Chief Marshal Sir Arthur Tedder presented estimates of Turkish military 

strength and of the feasibility of British fighter and bomber squadron 

operations from Turkish air bases. Neither military chief saw the 

Turks able to mount offensive operations on their own but each did see 
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the value Turkey could provide "as a base from which our forces could 

operate."15 In this connection, the Prime Minister had previously 

mentioned that Turkey could be supported by British forces then estab¬ 

lished in Persia. General Marshall would extend his agreement with the 

concept of a build-up of forces to support the Turks and with the use 

of her airfields for bombing operations by the Allies but no stronger 

suggestions came from the American side of the conference table.16 

After the first two days of the conference it was apparent that the 

desire for a serious diplomatic approach to the Turks was a British or, 

more specifically, a Churchillian one. 

To what extent the Prime Minister's espousal of the aim of inducing 

Turkey to enter the war was supported even by the British Foreign Office 

is questionable. His support in the plan by his military leaders might 

well have been less than appears in the conference records. Reports 

from the British Ambassador in Ankara, Sir Hughe Knatchbull-Hugessen, 

during this period reflect extreme Turkish caution in regard to the 

question of intervention. The Ambassador's conversations with the 

Turkish Prime Minister and with the Foreign Minister during the weeks 

prior to Casablanca reveal the extent of Turkish reluctance to make any 

such move. Indeed, only a joint British-American guarantee to Turkey 

against Soviet influence on her, the Ambassador reported, could open 

the possibility of Turkey joining the Allies.17 

In discarding this somewhat implausible scheme, the Foreign Office 

concluded that there was "little possibility of bringing Turkey into 

the war within the near future."1 Some intimations that British 

military planners not only shared this view but were not favorable to 

the idea of having Turkey assume any major role in the war at this 

time also appear in the Foreign Office sources.19 While formally 

directing that the British Ambassador maintain his efforts at persuasion 

in Ankara, the Foreign Office was of a mind that the expectation that 

Turkey should be included in war planning for the immediate future was 

"out of the question."20 

Considering the pessimistic attitude of the Foreign Office and 

the possible doubts of the British military leaders in regard to an 

approach to Turkey, the conclusion must be drawn that it was the Prime 

Minister who at this stage voiced the only strong support—albeit 

eloquently—on the Turkish matter. Roosevelt's lukewarm attitude on 

the approach to Turkey continued. In private conversations with Mar¬ 

shall at this point he again passed it off as a "diplomatic question;" 

not one, apparently, for Presidential diplomacy.21 

Nonetheless, Turkey remained on the conference agenda. General 

Brooke reported to the Allied leaders on January 18 that the military 

chiefs continued to agree that "every effort" to bring Turkey into the 

war should be made.22 The discussion of alternate strategic objectives 

for British and American armies in the Mediterranean area then prompted 

the Prime Minister to include mention of a possible campaign to capture 

the Dodecanese Islands, which lay just off the Turkish coast. Though 

not opposing the growing agreement that a main military effort be made 

toward Sicily, Churchill's eyes continued to stray eastward on the map. 
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He repeated the advantages, as he saw them, of having Turkey in 

the war and suggested that the political argument of the advantage to 

Ankara of having a place at the peace table after the war might well 

sway the Turks from neutrality. This, Churchill felt, plus assurances 

of territorial integrity, rights of passage through the Dardanelles, 

and the continued success of Allied armies might induce a change of 

heart in Ankara. Meanwhile, preparations to increase the supply of 

materiel to Turkish forces should continue.23 

Pushing on with this line of argument, the Prime Minister then 

made the point that since the effort to reinforce Turkey would be pri¬ 

marily a British one, the British should be allowed "to play the Turkish 

hand," just as the Americans, he continued, were exerting their influence 

in matters pertaining to China. Information on the undertaking would, 

of course, be relayed to Washington.24 Roosevelt's stated agreement 

with these arrangements was again perfunctory; the subject was then 

changed to the matter of command in the Roundup operation, the then 

used code name for the Invasion of Western Europe. 

At the Combined Chiefs of Staff meeting on the following day, 

January 19, Brooke presented once again the now familiar British politi¬ 

cal and military arguments for bringing the Turks into the war. The 

military effort toward Turkey, he maintained, should be subsidiary to 

the political aims involved. Throughout 1943 as initiatives toward 

Turkey continued, this distinction would become less clear. The C. I. 

G. S. then introduced a draft resolution for consideration by the 

military chiefs: 

The Combined Chiefs of Staff recognize that Turkey lies 

within a theater of British responsiblity, and that all 
matters connected with Turkey should be handled by the 

British.25 

Thus, the Churchillian initiative toward Turkey was further 

gathered in the arms of the British lion; not, however, without impli¬ 

cations which would cause no little difficulty as to responsiblity 

for both military and civilian supplies slated to flow into Turkey.26 

Marshall could only honestly state that there was now "some confusion" 

in his mind "as to just what was intended with regard to Turkey." In 

response to Roosevelt's probing as to the prospects on the Turkish 

side, Brooke recalled that British arrangements for Turkey now con¬ 

sidered offensive operations, not merely defensive agreements. The 

British General alluded again to the political side of the matter. 

He defended plans for British efforts in Turkey as not "very costly" 

and as possibly providing "an opportunity for appreciable gains."2 

The Combined Chiefs of Staff meeting of January 20 accepted the 

basic formula of a British responsibility for Turkey in all matters. 

Although General Marshall's suggestion of including the CCS in the chain 

of approval for decisions by the Munitions Assignments Boards in regard 

to equipment to be sent to Turkey kept the American presence in the 

visible background.28 

As the final wording of the somewhat vague Casablanca agreements in 

regard to the future policy of the Western Allies toward Turkey were 
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being written, the Prime Minister revealed a more specific and dramatic 

plan of his own. He told Presidential Advisor Harry Hopkins during a 

personal meeting on January 19 that he intended to meet immediately 

after the Casablanca talks were concluded with the Turkish President, 

Ismet Inonu, in order to follow up on the agreed upon approach to 

Ankara. Hopkins relates that Churchill planned to "push him (Inonu) 

pretty hard on the business of getting Turkey into the war..."29 

Though it might appear that the Prime Minister's "Mediterranean 

strategy" concepts were once again underway, it is more probable that 

the projected meeting with the Turkish President was seen by Churchill 

as a fitting climax to his limited Turkish victory at Casablanca. He 

relates in his memoirs that with the conference agreements in hand, he 

"now wished to clinch the matter by a personal meeting with President 

Inonu on Turkish soil."30 It also would afford him the opportunity 

for the personal diplomatic touch, not unwelcome to the Prime Minister 

in his conduct of wartime affairs. 

Arrangements for the Churchill-Inonu meeting, to be held at the 

southern Turkish town of Adana, at the end of January, were concluded at 

Casablanca and at Marrakech where the President and Prime Minister com¬ 

pleted conference business. Ho little opposition to the venture was 

voiced from London by the Deputy Prime Minister, Clement Attlee, Foreign 

Secretary Eden and, apparently, the majority of the War Cabinet. To 

Churchill's query of January 20 to London: "Is this not the opportunity 

and the moment for me to get into direct touch with the Turks?", Attlee 

and Eden replied that an approach to Turkey "on the highest level without 

previous preparation" appeared unwise at the time.31 

The Prime Minister was not to be so easily put off. His rejoinder 

to London intimated strong support from President Roosevelt and the 

combined military chiefs for his venture. "I think a golden opportunity 

may be lost," he cabled; to warnings of the danger of a "rebuff," 

Churchill responded that he had "no false pride in these matters. Do 

not, I beg of you dismiss it."32 

Bowing to what might have been inevitable, the War Cabinet acquiesced 

in the Prime Minister's proposal on January 25. Plans were completed for 

the forthcoming Adana meeting with the approval of both Roosevelt and, 

from Moscow via telegram, Stalin.33 

The results of the Churchill-Inonu meeting at Adana, conducted in 

an atmosphere of good will but non-committal rejoinders on the part of 

the Turks, began a year of serious efforts by Britain to induce the 

Turks to join the Allied side actively in the war. The effort would 

fail before the year was out; but not before several other high-level 

meetings were held among British, American, and Turkish statesmen. The 

most important of these was the conference of Roosevelt, Churchill, and 

the Turkish President at Cairo in December 1943, immediately following 

the Tehran Conference. 

The Casablanca Conference marked the initiation of serious efforts 

toward Turkish participation in the war by the Western Allies. Despite 

formal agreement by President Roosevelt and the American side, and a 

hard won consensus on the part of the British, these efforts were and 
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to a great extent remained a personal initiative and desire of Prime 

Minister Churchill. That the moves begun at Casablanca toward Turkey 

in January would never produce the results of the Prime Minister hoped 

for was due not only to well reasoned Turkish opposition to assuming 

belligerent status in the war but, perhaps more importantly, to the 

diminishing position of influence held by Churchill. The eloquence he 

commanded in phrases aimed at the Dardanelles was no match in coming 

war councils for the vast numbers of American and Russian troops com¬ 

manded by his counterparts, Roosevelt and Stalin, who had before Casa¬ 

blanca given their approval to his now unrealizable plan. 
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A known number of coliform bacteria (two fecal species and one 

nonfecal species) were introduced separately and combined into a fixed 

aquatic environment at constant elevated temperatures of 85°, 95°, 

105°, and 115° F., (29°, 35°, 41°, 46° C.) Periodically, an aliquot of 

sample was taken and, using standard microbiological methods, plated and 

incubated. A viable count was taken for each temperature gradient at 

intervals of time up to 72 hours. 

In a monoculture environment the fecal species E. coli and Aero- 
bacter aerogenes were able to sustain their numbers at a higher value 

than the coliform Proteus vulgaris. None completely died out up to 

72 hours. 

In a mixed culture environment this dominance of fecal species was 

continued. However, at 115°F, the coliform Proteus vulgaris was com¬ 

pletely eliminated in less than 36 hours and the fecal coliform A. 
aerogenus was eliminated in less than 72 hours. E. coli was able to 

sustain a low count for the entire period. 

A PRELIMINARY STUDY OF THE FLORA OF THE 

CYPRESS CREEK WATERSHED 

Richard Adams, David Rutland, and A. L. Hershey 

Biology Department 

Florence State University 

Florence, Alabama 

The present proposal on the Cypress Creek Watershed does not indi¬ 

cate any detrimental stress on the present vegetation of the area in 

general. Some changes may occur around the impoundments as silting 

produces marsh like areas. Very frequent floods could cause damage to 

herbaceous vegetation in temporary pool areas if water cannot drain 

away within a few weeks. Changes in plant succession about pools should 
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create favorable habitats for numerous forms of invertebrates and 

small vertebrates. 

INTERACTION OF HERBICIDE PROGRAMS WITH 

SOIL-BORNE DISEASE IN PEANUTS 

P. A. Backman and R. Rodriguez-Kabana 

Department of Botany and Microbiology, 

and 

Gale Buchanan 

Department of Agronomy and Soils 

Auburn University, Auburn, Alabama 

Herbicides are applied to almost all field crops, yet recommenda¬ 

tions for their use are made solely on their effects on weeds and lack 

of phytotoxicity to the crop. Little attention has been directed to 

the effects of herbicides on non-target organisms, particularly plant 

pathogens. In this study, the herbicides oxadiazon and fluorodifen 

reduced the incidence of Sctevotiwv rolfsii damage in peanuts. In 

addition, oxadiazon when applied in combination with dinoseb provided 

a synergistic effect that greatly reduced white mold and showed com¬ 

mensurate yield increases. When oxadiazon was incorporated alone at 

low rates, S. rolfsii damage increased. The stimulation of disease at 

low rates and reduction at high rates fits a classic dosage-response 

curve. This study when coupled with weed control data, represents one 

of the first demonstrations of integrated chemical control working 

under field conditions. 

HERBICIDE-INDUCED ROOT EXUDATION AND SPORULATION 

BY FUSARIUM OXYSPORUM F. SP. VASINFECTUM IN 

COTTON RHIZOSPHERE 

I c 

G. L. Benson and E. A. Curl 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Cotoran (fluometuron) and Treflan (trifluralin) are frequently used 

as selective herbicides for control of weeds in cotton. Field applica¬ 

tions at recommended rates occasionally result in phytotoxicity to cotton. 

Physiological changes induced may be reflected in root exudations which 

influence the rhizosphere environment. The disease potential of soil- 

borne plant pathogens present in the rhizosphere might be either increased 

or decreased by these changes. 

Non-sterilized field soil was treated with fluometuron and tri- 

fluralin to provide herbicide levels of 0, 1, 5 and 10 pg herbicide/g 

soil. Auburn M and Stoneville 213 cotton seedlings were established in 

the treated soil, after which chlamydospores of Fusarium oxysporum f. sp. 

vasinfeatwn were introduced into rhizosphere areas. Fluometuron resulted 

in increased dry weight of roots in both cotton varieties, whereas 

trifluralin caused a decrease in root dry weights. At trifluralin rates 

of 5 and 10 pg/g, root weights were reduced 70-75% that of the control 

with visible lateral root inhibition. Exudation of reducing sugars was 
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only slightly affected by fluometuron, while increasing trifluralin 

levels resulted in a gradual decline of reducing sugars. Ninhydrin- 

positive materials were much higher in soil treated with fluometuron 

than in trifluralin treatments, but quantities of these materials be¬ 

tween levels of either herbicide were not significant. 

Chlamydospore germination increased only slightly in lluometuron- 

treated rhizosphere soil, while in trifluralin-treated soils germination 

gradually increased from 25% in the control soil to 50% at the highest 

herbicide level. Germ tube lysis was greatest (35%) at fluometuron 

levels of 1 and 5 Ug/g soil. Trifluralin-treated soils resulted in 

lysis of 20-30% of the germ tubes regardless of herbicide levels. 

Production of chlamydospores was decreased by the presence of 

fluometuron, while numbers increased in presence of trifluralin at 

all levels tested. 

INFLUENCE OF FERTILIZATION REGIMES ON THE RHIZOSPHERE 

MICROFLORA OF COTTON SEEDLINGS 

W. C. Blair and E. A. Curl 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Microbial populations are usually greater in plant rhizospheres than 

in soil distant from the root influence. This "rhizosphere effect" is 

attributed to the higher concentration of sugars, amino acids, and other 

factors exuded into that area from the roots. Soil treatments that 

affect plant growth would logically affect root exudation and microbial 

activities, which in turn could affect plant resistance or susceptibility 

to root-infecting pathogens. 

Seven field plots located on the Auburn University Prattville Experi¬ 

ment Station have received different rates of nitrogen, phosphorus, and 

potassium (NPK) for the past 10 years. These plots, consisting of sandy 

clay loam, have been under continuous cotton monoculture for 40 years. 

Fertilization was applied to provide N at rates of 0-300 lb/acre and 

P and K at rates of 0-60 lb/acre. Soil-probe samples were taken from 

the approximate rhizospheres of young cotton plants and from nonrhizo- 

sphere soil during 1972-74, and microbial populations were assessed by 

standard soil—dilution and plating in selective media. Fungi, bacteria, 

and streptomycetes were always more abundant in rhizosphere soil. Nitro¬ 

gen fertilization had the greatest effect on the microflora with popu¬ 

lation increases corresponding to increased rates of N. Effect of K was 

intermediate, and P had the least effect on populations. Seedling root 

damage, attributable to infection by Rhizoctonia solani in the field, 

was more pronounced in N-deficient soil than in other treatments. 

As varied amounts of N, P, and K influence total populations, the 

numbers of microorganisms that are naturally antagonistic and competitive 

against R. solani also are affected. More information about interrelations 

of soil nutrients and rhizosphere activities may provide better means of 

suppressing disease agents without excessive use of pesticides. 
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INFLUENCE OF HERBICIDES ON THE COMPETITIVE NATURE OF 

RHIZOCTONIA SOLANI FOR SUBSTRATE COLONIZATION 

G. R. Bryant and E. A. Curl 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Rhizootonia solani is a soil-inhabiting fungal pathogen of cotton 

and many other economically important plants. In the absence of host 

plants, it must survive saprophytically in organic debris in competi¬ 

tion with the general soil microflora. Herbicides applied annually to 

fields for weed control are absorbed by organic matter and may affect 

the activities of microorganisms there. Tests were made to determine 

the influence of the herbicides prometryne (Caparol) and fluometuron 

(Cotoran) on the antagonistic or competitive interactions between 

R. solani and other debris-colonizing microorganisms. 

Three experiments were conducted: (1) Natural organic particles 

(3-5 mm diam) were wet-screened from field soil and plated on herbicide- 

containing Czapek's nutrient agar equidistant (6 cm) from mycelial discs 

of R. solani. Herbicide concentrations ranged from 0 to 50 pg/ml. 

After 72 hr at 26 C, inhibition of mycelial growth by diffusing sub¬ 

stances from the particles was assessed. (2) Soybean stem pieces (ca. 

5 mm long, sterilized) were buried for 4 days in dishes of Rhizoctonia- 

infested, herbicide-treated field soil (0-50 yg/g), and % colonization 

by the pathogen then determined by recovering and plating the pieces 

on streptomycin water agar. (3) Finally, the foregoing test was re¬ 

peated, except that stem-piece substrates, instead of soil, were treated 

with solutions of the two herbicides (0-50 yg/ml) prior to burial. 

Inhibition of linear growth of R. solani intensified with increasing 

amounts of either herbicide incorporated in Czapek's medium. Similarly, 

the % of organic particles exhibiting zones of inhibition of the patho¬ 

gen generally increased with increased herbicide. When stem-piece sub¬ 

strates were buried in herbicide-treated soil, or were treated prior 

to burial, the colonization ability of the pathogen declined with in¬ 

creasing levels of either herbicide. 

This study will be pursued further to determine interrelationships 

between herbicide suppression of substrate colonization by the pathogen 

and the incidence of cotton seedling disease. 

RESISTANCE OF CERCOSPORA SPP. TO THE FUNGICIDE BEN0MYL 

AND RELATED COMPOUNDS IN ALABAMA PEANUT FIELDS 

E. M. Clark, P. A. Backman and R. Rodriguez-Kabana 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Occurrences of inadequate control of Cercospora leafspot of peanuts 

by the fungicide benomyl were reported in Alabama in 1973. About 45% of 

viable spores isolated from infected leaves from such an area germinated 

and produced colonies on potato-dextrose agar (PDA) into which benomyl 

had been incorporated at a rate of 5 ppm. Spores from an area where 
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benomyl had never been used showed less activity, with no viable col¬ 

onies. In contrast to the activity shown by viable spores on 5 ppm 

Benlate^—PDA, spores on 0.5 ppm Bravo^-PDA showed no indication of 

activity. Mycelial fragments of colonies which developed on 5 ppm 

Benlate-PDA were transferred to 50 ppm Benlate-PDA, 50 ppm Topsin^-PDA 

and 5 ppm Bay Dam 18654R-PDA. The fungus grew on all three media and 

one isolate also grew on 500 ppm Benlate-PDA. Thus, the breakdown in 

leafspot control was the result of the development of benomyl resistant 

strains of C. arachidicola which are also resistant to the systemics 

Topsin and Bay Dam 18654. 

ASEXUAL REPRODUCTION OF SELECTED ANGIOSPERMS 

Thomas Cochis, Kenneth E. Landers and Gary A. Wayner 

Biology Department 

Jacksonville State University 

Jacksonville, Alabama 

Kodochrome slides were used to demonstrate several methods of 

asexual reproduction. The use of hormones and several different media 

also was discussed. The plants used in the discussion were as follows: 

Syngonium (Syngonium podophyllum), Christmas Cactus (Zygocactus 
truncatus), Snowball bush (Viburnum sp.), Florida Spider Plant (Spironema 
fragrans), Wandering Jew (Tradescantia sp.), Gold-dust Plant (Auouba 
japonica), Bryophyllum (Kalanohoe daigremontiana), Coleus (Coleus sp.). 

Burn Plant (Aloe sp.). Snake Plant (Sansevieria craigii), Spider Plant 

(Chlorophytum elatum), Rubber Plant (Ficus elastica), Black Willow 

(Salix negro), Pussy Willow (Salix discolor), Weeping Willow (Salix 
babylonica), Artillary Fern (Piled microphylla). 

THE EFFECT OF LASER ON BACTERIOPHAGE T2 & T7 

George T. Craig 

Athens College, Athens, Alabama 

Bacteriophage T2 and T7 were irradiated by number of different 

laser system in visible spectrum ranging from 337.1 nm to 632.1 nm. 

Vital stains were utilized which had corresponding absorbance character¬ 

istics to the laser system used. No structure change was noted between 

irradiated and non irradiated vital stains. The irradiated and non- 

irradiated were compared for plaque count. The most efficient in¬ 

activation occurred at 337.1 nm and 514 nm in T7. The most efficient 

inactivation occurred at 337.1 nm in T2. Inactivation in T2 occurred 

with utilization of neutral red with absorbance of room light. 
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STOCK CULTURE MAINTENANCE AND ORGANIZATION 

D. K. Dalby, R. A. Dalby, N. D. Davis, and U. L. Dierier 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Maintenance of large numbers of microbial cultures for use in teach¬ 

ing and/or research is a time-consuming task. Conventional cultural 

practices include periodic transfers, long term storage in sterile soil, 

storage in mineral oil, liquid nitrogen storage, and lyophilization. 

Disadvantages of some of these methods include genetic change in the 

organism, unexpected death of culture, cost and equipment, or the 

method is unsuitable for nonsporeformers. The culture collection at 

Auburn is lyophilized and records of 1000 (+) cultures are maintained 

by use of a computer, which provides print outs on an alphabetical and/ 

or culture number basis, plus retrieval of information on cultures of 

interest. The system of maintenance and organization for the culture 

collection at Auburn was described. 

THE OCCURRENCE OF ALBINISM IN ELAPHE GUTTATA 

Larry W. Dalrymple 

Biology Department 

Florence State University, Florence, Alabama 

This paper deals with the occurrence of albinism in the corn snake, 

Elaphe guttata. Research on the subject is limited, since it occurs 

only one hundredth of one percent of the time. This snake was located 

and captured on a farm in Lauderdale County, Alabama. 

AN HALLUCINOGENIC MUSHROOM IN ALABAMA 

N. D. Davis, G. Morgan-Jones, R. E. Wagener 

A. J. Latham, and U. L. Diener 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Collecting and eating supposedly hallucinogenic mushrooms is a 

growing fad on campuses and in various drug cultures in the United States 

Arrests have been made for possession of certain mushrooms. Occasionally 

poisonings from mushrooms have occurred. This investigation was ini¬ 

tiated to determine the correctness of persistent rumors that hallu¬ 

cinogenic mushrooms grow in Alabama, to identify the species in question, 

and to determine if they contain known hallucinogenic compounds. 

Psilocybe cubensis, previously reported to occur only in Florida 

in the United States but found in Mexico and further south, was found 

growing in several pastures in the vicinity of Auburn University. 

Various "street" criteria used for recognizing the mushroom were gen¬ 

erally accurate. Fresh specimens contained 2.7 to 3.9 mg/g psilocybin, 

an hallucinogenic indole derivative. Facts accumulated to date support 

general beliefs on campus and on the "street" regarding the presence, 

collection, use, and effect of the mushrooms. 
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MYCOFLORA OF MOLDY COASTAL BERMUDAGRASS IN ALABAMA 

U. L. Diener, G. Morgan-Jones, and N. D. Davis 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Commercial Coastal Bermudagrass hay from Autauga County was re¬ 

ported to be toxic to cattle, inducing staggers or tremor symtoms 

following ingestion. Our research was to determine if the toxin Was 

of mycological origin. Samples of the hay were either ground and 

plated after serial dilution, or incubated in moist chambers with 

the spores of developing fungal colonies being picked off under the 

microscope and plated out on standard media. Of the 20 species of 

fungi identified, Drechslera halodes and Coohliobolus spicifer are plant 

pathogens, previously classified as species of Helminthosporium. 

Cladosporium, Curvularia, Pithomyoes, Gliocladium, and Epicocoum are 

all considered saprophytic, and Nigrospora is weakly pathogenic; 

Perioonia is a root rot pathogen, while species of Fusarium may be 

either saprophytic or pathogenic on many grasses. 

SESSILE-FLOWERED TRILLIUMS AND THEIR DISTRIBUTION IN ALABAMA 

John D. Freeman 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Sessile-flowered representatives of the genus Trillium L. (Liliaceae) 

are conspicuous herbs of woodlands throughout Alabama. Nine Trillium 
species characterized by the sessile flowers have been documented and 

are here reported for the State. Distributional patterns for most of 

these species match major physiographic features. The closely related 

species T. cuneatum Raf. and T. maoulatum Raf. occur, respectively, in 

provinces of the Appalachian system and in the Coastal Plain Province; 

they show little evidence of intergradation where ranges meet along the 

Fall Line. Other geographical ranges (e.g., those of T. recurvatum Beck 

and T. land folium Raf.) meet along the southeastern edge of the Cum¬ 

berland Plateau and Valley and Ridge Provinces, and T. underwoodii Small 

to the Piedmont and Coastal Plain. A new species (as yet undescribed) 

closely allied with T. underwoodii is evidently limited to the Coastal 

Plain. Trillium sessile L., abundant north of Alabama, is known from 

one locality in the Highland Rim along the Elk River. The other species 

indigenous to Alabama, T. stamineum Harb., is found at localities in 

various provinces in the western two-thirds of the State. On the basis 

of general distributional patterns, two other species might be expected 

to occur, but have not yet been found, in Alabama: T. luteum (Muhl.) 

Harb., which grows in the Valley and Ridge Province of Tennessee and a 

second undescribed new species found in southwestern Georgia along the 

Chattahoochee River. 
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GROWTH OF FUNGI ON STABILIZED SEWAGE SLUDGE 

W. M. Hagler, N. D. Davis, and U. L. Diener 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Complete disposal of sewage treatment solids is a major problem in 

wastewater treatment. Degradation of stabilized sewage sludge by fungi 

is a possible means of achieving this. Fifty fungi were screened for 

their potential ability to degrade sludge by growing the fungi on sterile, 

moist sludge at 25 C for 14 days. Fungal growth following incubation 

was recorded on a 0-5 visual scale. The substrate sludge was oven 

dried, weighed, and degradation recorded as percent dry weight loss. 

Five fungi, Diohotomyaes albus, Aspergillus fischerii, Cunninghamella 
sp., Myrotheoiwn verruaaria, and Rhizopus oligosporus, were selected 

for further study on the basis of their ability to degrade or grow well 

on sludge. In these studies, the effect of temperature, constant 

moisture, time, and supplemental nutrients were studied. In the tem¬ 

perature study, Diohotomyaes albus was most effective in degrading 

sludge at 25 C; Aspergillus fischerii and Cunninghamella sp. degraded 

sludge best at 35 C. Generally, degradation increased with time at 

constant moisture with all fungi. Nutrients added to the sludge medium 

had little effect on sludge degradation. 

EFFECTS OF CANALIZATION ON FISH POPULATIONS 

OF THE LOWER ALABAMA RIVER 

A. Frederick Hemphill 

Spring Hill College 

and 

Robert L. Shipp 

University of South Alabama 

Mobile, Alabama 

Fish populations of five large loops of the lower Alabama River 

were studied. In two of these, the main flow of the river had been 

diverted by canals constructed during 1968 to provide a shorter barge 

route. The other three were unaltered. 

Comparison was made between fish populations in canalized and 

uncanalized loops over a two year period. In addition, physical and 

chemical data were gathered from the two habitats. 

Data indicate larger fish populations present in the canalized 

loops. This appears to be due to the general habitat of these canalized 

loops where reduced flow has apparently contributed to an accumulation 

of large numbers of stumps, logs, and trees; these were less in the 

unaffected river, probably due to scouring by spring flood waters. 

However, hard sand slip banks, which are required habitats for some 

species, seem to be disappearing from the canalized loops. 
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PHOTODYNAMIC EFFECT OF CONTINUOUS LASER LIGHT 

ON PARAMECIUM CAUDATUM AND EUGLENA GRACILIS 

James Eldridge Jackson 

Athens College, Athens, Alabama 

Two species of protozoans were subjected to whole cell irradiation 

using three types of gas lasers (Nitrogen-337.1 nm, Helium Neon-632.8, 

and Argon Ion Tunable 164-514.0 nm & 465.8 nm) and photoperiods of 5, 

10, 15 and 30 minutes. Vital dyes, selected for these specific wave¬ 
lengths, were used. 

The organisms were irradiated during log, stationary, and decline 

phases of growth in solutions containing dye and solutions without dye. 

My findings were indicative of a slight inhibatory effect upon 

growth of Paramecium by wavelengths 514.0 and 632.8; also there was a 

trend as more energy was put into the system the more inhibition. No 

inhibition of either species occurred at any other wavelengths. Sec¬ 

ondary findings were also noted; organisms were more susceptable during 

log phase growth, and no supplementary inhibition incurred by organisms 

irradiated in solution containing vital dyes was noted. 

THE EFFECTS OF DIFFERENT METALLIC COMPOUNDS ON THE 

EMBRYONIC DEVELOPMENT OF THE FRESH-WATER SNAIL, HELISOMA 

Pleanphit Jaroensastraraks and Ellen McLaughlin 

Department of Biology 

Samford University, Birmingham, Alabama 

Eggs in early cleavage were immersed and maintained in solutions 

of sodium chloride (NaCl), lead chloride (PbCl2), zinc chloride (ZnCl2) 

and cobalt chloride CoCl2) using concentrations of 1000 ppm, 100 ppm, 

10 ppm, 1 ppm, 100 ppb, and 10 ppb. Control eggs were reared in con¬ 

ditioned tapwater and all groups were observed for a period of two 

weeks. Survival, rate of hatching, and abnormalities of development 

were recorded. 

By Day 1 of treatment, all eggs were dead in 1000 ppm and 100 ppm 

CoCl2 and ZnCl2 solutions. All eggs were also dead in 10 ppm CoCl2 

by Day 4 and in 10 ppm ZnCl2 by Day 15. With PbCl2 treatment, all 

eggs succumbed in 1000 ppm by Day 1, but 100% mortality did not occur 

in 100 ppm until Day 13. Embryos were surviving in all other PbCl2 

concentrations at Day 15. Eggs in all concentrations of NaCl were 

still surviving at the termination of the experiment. In general, eggs 

treated with cobalt, lead, and zinc solutions showed increased sur¬ 

vival with decreasing concentrations. 

Delayed hatching or no hatching occurred most frequently in 100 

ppm, 10 ppm and 1 ppm of all solutions tested. Deformities of the 

shell and gut were found in snails raised in 100 ppm, 10 ppm and 1 ppm 

solutions of cobalt, lead, and zinc. All embryos developed normally 

in concentrations of 100 ppm NaCl or less. The order of toxicity 

appears to be cobalt, zinc, lead, with sodium chloride being the 
least toxic. 
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FALL FLOWERS OF NORTHEAST ALABAMA 

Kenneth E. Landers, Gary A. Wayner, and Thomas Cochis 

Biology Department 

Jacksonville State University 

Jacksonville, Alabama 

Indian pipe (Monotropa uniflora L.) and beech-drops ([Epifagus vir- 
giniana (L.) Barton) are achlorophyllous fall-flowering dicots. The 

false foxgloves (Aureolaria spp.) are semi-parasitic on oaks and gerar- 

dias (Agalinis spp.) are semi-parasitic on the roots of grasses. Grass- 

of-Pamassus (Pamassia asarifolia Vent.), cardinal flower (Lobelia 
cardinalis L.), great lobelia (Lobelia siphilitica L.), starry campion 

(Silene stellata (L.) Aiton f.), bottle gentian (Gentiana saponaria L.), 

turtleheads (Chelone obliqua L. and C. glabra L.) and spotted touch-me- 

not (Impatiens oapensis Meerb.) grow in rich woods and moist or wet 

areas. Tie vine (Jacquemontia tamnifolia (L.) Grisebach) and morning 

glories (Ipomoea oocoinea L., I. hederaeea (L.) Jacquin and J. purpurea 
(L.) Roth) are trailing or twining vines and common evening primrose 

(Oenothera biennis L.) is a tall herb in fields, waste places and along 

roadsides. Alumroot (Eeuohera parviflora Bartling) is a perennial of 

moist shaded rocky areas and bellflower (Campanula divarioata Michaux) 

is common in rocky woods. Partridge-pea (Cassia fasoiculata Michaux), 

wild sensitive-plant (Cassia niotitans L.), showy crotalaria (Crotalaria 
speotabilis (Roth) and bicolor lespedeza (Lespedeza bicolor Turcz.) are 

colorful legumes of fields, roadsides and woodland borders. Fall-flower¬ 

ing mints include blue curls (Trichostema dichotorrrum L.), horse-balm 

(Collinsonia canadensis L.), azure sage (Salvia azurea Lam.) and mountain 

mint (.Pycnanthemwn incanum (L.) Michaux). Achillea, Ambrosia, Aster, 
Bidens, Carduus, Eupatorium, Gnaphalium, Helenium, Helianthus, Heterotheca, 
Liatris, Mikania, Parthenium, Pluchea, Prenanthes, Solidago, Verbesina 
and Vemonia are genera of composites which have one or more species in 

flower during the fall. The shrub, witch-hazel (Hamamelis virginiana 
L.), grows in dry and moist woods and has conspicuous yellow flowers in 

autumn. Fall-flowering monocots with showy flowers are ladies'-tresses 

Spiranthes spp.) and dayflowers (Commelina spp.). 

BORON DEFICIENCY AS A POSSIBLE CAUSE OF COTTON YIELD LOSSES 

IN COLBERT AND LAUDERDALE COUNTIES IN 1973 

Macon Landers 

Biology Department 

Florence State University 

Florence, Alabama 

Cotton yields in Colbert and Lauderdale Counties, Alabama, showed 

moderate to severe yield reductions in the 1973 growing season. The 

purpose of this research is to determine if boron deficiency was a 

cause of the yield losses. 

As the season progressed, growers surmising that populations of 

tarnished plant bugs, Lygus lineolaris (P. de B.), were the reason for 

the fruit loss started insect control programs to begin fruit setting. 

However, in many fields no improvement was seen in the situation. 
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Material was obtained indicating that a boron deficiency was evident and 

action was taken about the first week of August on this possibility. 

Tissue analyses of cotton from two Lauderdale County locations, 

conducted then by Tennessee Valley Authority scientists, showed a boron 

deficient condition. Tests run later in the season by the same labora¬ 

tory and by Auburn University showed widely varying results, with some 

fields indicating deficiency and others not. 

There seemed to be a profusion of boron deficiency symptoms at the 

time, including: 1) pinpoint square blasting in the absence of insect 

populations, 2) banded pedicels with collapsing necrotic areas causing 

"laying over" of bolls, 3) shortened, stunted plants evidently due to 

terminal dieback, and 4) bolls with one or more locks incompletely de¬ 

veloped, often with dark areas in their bases. 

Boron applications in the season were generally too late for any 

great improvements, but visual observations did show a marked fruiting 

improvement in fields receiving boron, in some cases the first fruit 

setting of the season. Presently greenhouse studies are being con¬ 

ducted to determine if boron treated plants show differences from 

control plants in an evidently boron deficient area soil. Demonstration 

plots are being planned with farmers for 1974 to test the validity of 

the deficiency theory. 

MERCURY ACCUMULATION IN TENNESSEE RIVER VALLEY MOSSES 

Macon Landers and Jack Brown 

Biology Department 

Florence State University, Florence, Alabama 

Moss accumulation of mercury via precipitation and not substrate 

absorption would serve to provide indication of mercury contamination 

in the atmosphere. Collections of the moss Cirriphyllwn illecebrum 
were made in industrialized and nonindustrialized areas of Colbert 

County, Alabama. Flameless atomic absorption spectrophotometry was 

used to quantitatively determine mercury concentrations in these 

mosses using a sulfuric acid—nitric acid digestion procedure. Re¬ 

sults of these analyses indicate that the moss accumulates mercury 

only to the level of about 0.1 part per million, not considered signifi¬ 

cant, and that there is no appreciable difference in levels found in 

industrial and nonindustrial locations. Additional collections and 

technique refinement are hoped to provide further information on the 

accumulation. 

ENVIRONMENTAL PROBLEMS OF EAST AFRICAN FLORA AND FAUNA 

Herbert A. McCullough 

Department of Biology 

Samford University, Birmingham, Alabama 

Three major factors are in conflict in the savannah and adjacent 

areas of southern Kenya and northern Tanzania. These are the necessity 

for preserving the unique flora and fauna of the area, the rapidly 

increasing native population and resulting pressures on the land, and 

the impact of tourism. An extensive program of park and wildlife 
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reserve development, while representing a major effort by the govern¬ 

ments involved, is still inadequate because most of the areas set 

aside do not contain the entire ecosystem in which the animals live. 

Increased population of primarily agricultural peoples take increasing 

quantities of land and water for agricultural use. This drives the 

wild animals into greater concentrations in less space frequently 

surpassing the carrying capacity of the land causing great damage to 

the ecosystem. Diversion of water supplies for agricultural use and 

poaching for skins, ivory, and meat also create problems. Tourism 

causes pressures by further concentrating animals within the park and 

if continued at an ever increasing rate would lead to a tourist sat¬ 

uration that could ruin the park both for the tourist and the wildlife. 

A serious problem is the conflict between tourism, which is based upon 

the desire to see wild animals in their natural ecosystem and which 

is becoming the chief source of national income for these countries, 

and a growing native population which receives only indirect and modest 

benefits from that income. If the unique wildlife of these areas is 

a world-wide heritage of importance beyond the political boundaries of 

these emergent nations, should those countries be expected to bear 

the burden of protection alone? 

NOTEWORTHY WOODY PLANTS OF THE MOBILE BAY REGION 

Michel G. Lelong 

Department of Biology 

University of South Alabama, Mobile 

The woody flora of the Mobile Bay area is rich and varied primarily 

because of the relatively mild climate there and because of the diversity 

of habitats in the region. Most of the floristic studies in our general 

area have dealt with the unique coastal and insular plants. Recently, 

Clark (1971) prepared a comprehensive survey of the woody plants of 

Alabama. He wisely based the county distribution of the 437 taxa listed 

on specimens actually collected or observed by him. One of the objec¬ 

tives of this valuable work was to serve as a stimulus for more active 

collecting in the State. 

The following entities not specifically listed by Clark for Mobile 

county have been collected there and voucher specimens of them have 

been deposited in our collection: Shortleaf pine (Pinus echinata), 
spruce pine (P. glabra), cottonwood (Populus deltoides), pecan (Carya 
illinoensis), bluejack oak (Quercus inaana), myrtle oak (Q. myrtifolia), 
red mulberry (Morus rubra), mistletoe ([Phoradendron serotinum), Coooulus 
aarolinus, cucumber tree (Magnolia acuminata) Magnolia fraseri, peach 

(Prunus persica), pear fPyrus communis), Pyracantha crenato-serrata, 
cherokee rose (Rosa laevigata), Rosa wichuraiana, mimosa (Albizia 
julibrissin), Sebastiana ligustrina, smooth sumac (Rhus glabra), poison 

oak (Rhus radiaans var. toxicodendron). Hibiscus rmtabilis, Japanese 

varnish tree (Firmiana platanifolia), Hypericum fasciculatum, H. galioides, 
Elaeagnus umbellata, crepe myrtle (Lagerstroemia indica), Devil's walk¬ 

ing stick (Aralia spinosa), fetterbush (Lyonia ligustrina), azalea 

(Rhododendron austrinum), blueberry (Vaccinium stamineum var. sericeum), 

V. tenellum, fringetree (Chionanthus virginicus), privet (Ligustvum 
japonicum), Verbena brasiliensis, Lycium carolinianum, Catalpa bignon- 
ioides, Baccharis angustifolia, marsh elder (Iva frutescens), Batis mari- 
tima. 
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New or Interesting Microfungi in Alabama 

Gareth Morgan-Jones 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

In spite of the labours of a number of talented mycologists it 

is probably true to say that, though there are several excellent 

treatments of individual genera and lists from specific hosts, the 

fungi of the southeastern United States are on the whole still less 

known than those of some other region of the continent and certainly 

than those of Europe. While European fungi are thoroughly isolated 

from those of the tropics by the Mediterranean and the Sahara, there 

is no such isolation in North America and many tropical species stray 

as far as the Gulf States. This makes the fungal flora of this region 

all the more fascinating and the need for its study all the more vital 

for an understanding of the limits of distribution of both tropical and 

north temperate species alike. Much however remains to be done in order 

to document it adequately. 

A number of interesting and novel fungi collected recently in 

Alabama are reported upon. Some of these attest new records for the 

United States, others are of note because of their variety. Among them 

are Catenularia macrospora Hughes, Dendryphiopsis arbusoula (Berk, and 

Curt.) Hughes, Endophragmia nannfeldtii M. B. Ellis, Lylea oatenulata 
Morgan-Jones gen. et sp. nov., in ed., and Phaeoisariopsis gnaphaliaeeae 
(Cooke) Morgan-Jones in ed. 

Sterol-Binding Polysaccharides in Fungi 

C. G. P. Pillai and J. D. Weete 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Polysaccharides that bind with sterols and render them water-soluble 

were isolated from Saaaharomyoes earlsbergensis, Rhizopus arrhizus, and 

Penicillium roquefortii. These polysaccharides are believed to be water- 

extractable cell-wall components of each species. The chemical and 

sterol-binding properties of polysaccharides from the two filamentous 

fungi (/?. arrhizus and P. roquefortii) were very similar but differed 

from those of the yeast. The principal sterol-binding polysaccharide of 

S. earlsbergensis was identified as a mannan and that of both filamentous 

fungi as glucan(s). The binding capacity of the purified yeast poly¬ 

saccharide was almost twice that of the mycelial fungi when expressed 

as the molar ratio of ergosterol bound to the principal sugar (mannose 

and glucose, respectively) present in the polysaccharide. The binding 

property of these fungal products is attributed to the degree and type 

of branching in the polysaccharide molecule. 
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A REPORT ON CHANGES OF SOME BLOOD VALUES IN THE CHANNEL 

CATFISH, ICTALURUS PUNCTATUS, FOLLOWING COLLECTING AND HANDLING 

Robert Robinson and R. W. Williams 

Florence State University 

Florence, Alabama 

A blood study was carried out on pond raised channel catfish, 

Ictalurus punctatus. The fish were collected from a commercial farm 

pond and held approximately 16 hours in a living stream tank. The 

blood was collected by cardiac puncture and heparinized. Preliminary 

studies suggest that collection of blood following transport of fish 

into the lab introduced a variable into the experiment due to stress. 

Blood pH, osmotic fragility (Modified Dacie Method) and hematocrit 

determinations were conducted at specific intervals over an 8 hour 

period. Blood pH and osmotic fragility values fluctuated, but this 

fluctuation was insignificant. Although there were differences among 

the room temperature values and refrigerated values, the amount was 

statistically insignificant. Hematocrit determinations did not pro¬ 

duce reliable data, possibly because of the procedure used in this 

study. No sexual differences were obtained in the data. 

THE EFFECT OF CALCIUM HYPOCHLORITE ON GROWTH AND 

PRODUCTION OF SCLEROTIA BY SCLEROTIUM ROLFSII IN NATURAL SOIL 

R. Rodriguez-Kabana, P. A. Backman, and Carol McLeod 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

The fungicidal properties of Ca(C10)o against the pathogenic fungus 

Sclerotium rolfsii were studied using petri plates containing moist 

(60% field capacity) field soil (Dothan loamy sand). Five oat kernels 

colonized by the pathogen were disposed radially and equidistantly 

over the flattened soil surface. Plates received various formulations 

of Ca(C10)2 and development of the pathogen was assessed by determining 

degree of growth and production of sclerotial initials and mature 

sclerotia. The number of kernels colonized by antagonistic fungi of 

the genus Trichoderma was also determined. Production of sclerotial 

initials and mature sclerotia declined with increasing concentrations 

of Ca(C10)2 in the range of 0-54 kg/ha. Production of mature sclerotia 

was reduced by 64% with the addition of 20 kg/ha of the hypochlorite; 

the application of higher concentrations of the salt reduced sclerotia 

production further so that the number of sclerotia at 54 kg/ha was only 

10% of that in the control. The number of kernels colonized by 

Trichoderma sp. increased with increasing concentrations of Ca(C10)2. 

The number of colonies in the control was 0.25 per plate, whereas that 

in plates receiving 54 kg/ha was 10 times higher. When Ca(C10)2 was 

mixed with CaCO in proportions ranging from 0-75% CaC03 and a constant 

50 kg/ha of Ca(6lO)2 was delivered, the number of Trichoderma colonies 

increased with increasing CaC03 levels in the range of 0-50% and de¬ 

clined sharply when CaC03 concentrations were greater than 50%. The 

increase in Trichoderma colonies after treatment of soil in an enclosed 

atmosphere with Ca(C10)2 is attributed to the quick growth and recoloni¬ 

zation by the antagonist of the surface soil layer sterilized by release 

of chlorine gas. 
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THE ALABAMA COTTON PEST MANAGEMENT PROGRAM 

Ronald H. Smith 

Environmental Health Division 

Cooperative Extension Service 

Auburn University, Auburn, Alabama 

The Alabama Cotton Pest Management Program was initiated in 1972 

with the objectives of reducing grower production cost and/or increas¬ 

ing profits and at the same time enabling growers to make more efficient 

and safe use of insecticides. Cotton growers can increase profits and 

at the same time reduce the total amount of insecticides entering the 

environment by using field insect population assessments, economic 

thresholds, cultural practices, and biological and chemical controls. 

This program is being conducted in seventeen Alabama counties under 

the leadership of the Cooperative Extension Service of Auburn University. 

The program consists of various phases, the most important of these 

being the use of cotton scouts to make field insect population assess¬ 

ments of destructive and beneficial insects. This enables growers to 

make insecticide applications only when destructive insects are at an 

economically damaging level. 

Field insect population counts were computerized along with other 

information which potentially could influence insect population increases 

in cotton fields. Weekly computerized printouts were obtained which 

gave a summary of potential problems on each field. 

Blood samples were taken from scouts bi-weekly and cholinesterase 

levels determined to detect any potential danger from exposure to organo- 

phosphate insecticides. No medically significant changes in cholines¬ 

terase levels were discovered. 

Biological samples were collected from areas within and adjacent 

to cotton fields to determine the ecological impact of the pest manage¬ 

ment program on the environment. 

During the past two growing seasons cotton growers using recom¬ 

mended pest management practices have reduced their insecticide usage 

by 2 to 4 applications per acre per season. 

THERMOPHILIC FUNGI ISOLATED FROM FEEDS 

R. E. Wagener, G. Morgan-Jones, U. L. Diener, and N. D. Davis 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Thermophilic fungi were isolated from samples plated directly on 

dextrose-yeast extract agar and incubated at 50°C. The following 

species were isolated from crushed corn-soybean feed and whole kernel 

corn: Thermomyces lanuginosus, Daotylomyaes thermophilus, Thermoascus 
aurantiaaus, Muaor pusillus, Penioillium duponti, and Aspergillus 
fumigatus. Myriococcum albomyces, Thermomyces lanuginosus and Aspergil¬ 
lus fumigatus were isolated from cottonseed. Isolation of these fungi 

from corn and cottonseed has not been previously reported. 
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WINTER BOTANY IN NORTHEAST ALABAMA 

Gary A. Wayner, Kenneth E. Landers, and Thomas Cochis 

Biology Department 

Jacksonville State University 

Jacksonville, Alabama 

Evergreen and semi-evergreen vascular cryptogams include horsetail 

(Equisetum hyemale L.), clubmoss (Lycopodium flabelliforme (Fernald) 

Blanchard) and meadow spikemoss (Selaginella apoda (L.) Spring). 

Representative ferns are the hairy lip-fern (Cheilanthes lanosa (Michaux) 

D. C. Eaton), woolly lip-fern (C. tomentosa Link), Christmas fern 

(Polystichn/n acrostichoides (Michaux) Schott), walking fern (Asplenium 
rhizophyllwn L.), rock cap fern (Polypodinm virginianwn L.), and resur¬ 

rection fern (P. polypodioides (L.) Watt). 

Evergreen gymnosperms include long-leaf pine (Pinus palustris 
Miller), loblolly pine (P. taeda ), short-leaf pine (P. echinata (Miller), 

and Virginia pine (P. virginiana Miller). Eastern hemlock (Tsuga cana¬ 
densis (L.) Carr.) and red cedar (Juniperus virginiana L.) also grow in 

the area. 

Monocots include cane (Arundinaria gigantea (Walter) Muhl.), pal¬ 

metto (Sabal minor (Jacquin) Persoon), greenbrier (Smilax spp.), and 

yucca (Yucca filamentosa L.). 

Evergreen and semi-evergreen angiosperms include bayberry (Myrica 
heterophylla Raf.), mistletoe (Phoradendron serotinum (Raf.) M. C. 

Johnston), sweet bay (Magnolia virginiana L.), southern magnolia (Mag¬ 
nolia grandiflora L.), watercress (Nasturtium officinale R. Brown), 

Alleghany spurge (Pachysandra procumbens Michaux), American holly 

{Ilex opaca Aiton), spotted wintergreen (Chimaphila maculata (L.) 

Pursh), mountain laurel (Kalmia latifolia L.), beetle weed (Galax 
aphylla L.), horse sugar (Symplocos tinctoria (L.) L'Her), yellow 

jessamine (Gelsemium sempervirens (L.) Aiton), and periwinkle (Vinca 
minor L.). 

Conspicuous winter twigs are bitternut hickory (Carya cordiformis 
(Wang.) K. Koch), southern red oak (Quercus falcata Michaux), winged 

elm (Ulmus alata Michaux), sassafras (Sassafras albidum (Nuttall) Nees), 

sweetgum (Liquidambar styraciflua L.), honey locust (Gleditsia tria- 
canthos L.), tree of heaven (Ailanthus altissima (Miller) Swingle), 

boxelder (Acer negundo L.), basswood (Tilia americana L.), and flower¬ 

ing dogwood (Cornus florida L.). 

PREVALENCE OF SOIL MICROARTHROPODS IN FIELD SOIL AND POTENTIAL 

RELATIONSHIPS WITH THE SOIL MICROFLORA 

Elizabeth A. Wiggins 

Department of Botany and Microbiology 

and 

James D. Harper 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

The soil microbial population is composed of a microflora of bac¬ 

teria, actinomycetes, and fungi and a microfauna consisting principally 

of nematodes, mites (Acarina) and springtails (Collembola). Although 
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much study has been made of the microflora in plant rhizospheres, little 

is known about relative numbers and activities of the microarthropods 

in these root areas. The following preliminary observations contribute 

to a long range study of rhizosphere ecology in relation to plant 

diseases. Before detailed studies could be made of microflora-micro¬ 

fauna relationships in the root zone, it was first necessary to learn 

the relative prevalence and kinds of microarthropods in local fields. 

Core samples were taken 15-20 cm deep from several fields in both 

summer and winter. Summer samplings were in the rhizospheres of growing 

plants, mostly cotton. Living mites and springtails were extracted 

with a modified Burlese funnel system, each funnel containing approxi¬ 

mately 500 g of fresh soil. The Burlese system consists of a series 

of funnels with overhanging 40-Watt light bulbs, which provide heat that 

slowly dries the soil, driving the animals into a test-tube of water 

below. Approximately 7 days is required for maximum extraction. The 

water containing the arthropods is poured through a 100-mesh sieve and 

the animals are backwashed into small petri dishes where they are counted 

and selected for identification or further study. 

Generally, Collembola were present in greater numbers than were 

Acarina in local soils, and a history of pesticide treatment in some 

fields appeared to make little difference. In one cotton field, numbers 

of Collembola were greater in winter than in summer. The Collembola, 

consisting predominantly of two genera in one family, were chosen for 

further study. Individuals taken directly from soil and placed on 

nutrient agar inoculated the plates primarily with bacteria. However, 

where dead animals were in full contact with a selective medium, fungi 

grew readily from their bodies, Aspergillus spp. being most common. 

Other Collembola, live and active, were transferred to monocultures of 

common soil fungi: Fusarium sp., Trichoderma sp., and plant pathogens 

Rhizoctonia solani and Sclerotium rolfsii. Cultures were kept in an 

atmosphere of 100% relative humidity at 25 C. Within 4 weeks, eggs had 

appeared and hatched in the cultures. The animals adapted well and 

appeared to "graze" on the fungal hyphae. Study is in progress to 

determine specific relationships between soil Collembola and soil fungi, 

particularly with regard to transport of fungal propagules to plant 

rhizospheres and the possible relation of this to root disease. 

FUNGI ASSOCIATED WITH SCLEROTIA OF SCLEROTIUM ROLFSII 

IN SODIUM AZIDE-TREATED SOIL 

Elizabeth A. Wiggins and G. Morgan-Jones 

Department of Botany and Microbiology 

Auburn University, Auburn, Alabama 

Azides are enzyme inhibitors affecting the activities of cytochrome 

oxidases, peroxidases, catalases and other metal containing enzymes. 

Their effectiveness against fungi, nematodes, bacteria and weeds is 

well known. Previous studies have been conducted to determine the ef¬ 

fect of sodium azide (NaN3) applied to soil at levels of 0-40 Ug/g on 

germination of sclerotia of Sclerotium rolfsii Sacc. During micro¬ 

scopic study of germination some interesting observations on other 

fungi were made. A number of fungi apparently colonize or perhaps 

even parasitize laboratory-grown and field sclerotia in non-sterilized 

soil. The fungi were observed most often in azide treatments of 1-5 
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yg/g soil. These same fungi appeared on field sclerotia plated on 

sterilized soil, but not as frequently as on sclerotia plated on non- 

sterilized soil. 

The present study was conducted to identify the fungi observed. 

Among the more significant fungi associated with the sclerotiosphere 

effect are six species of Aspergillus Mich., three of Fusariion Link ex 

Fr., two of Penicillium Link and Neoeosmospora vasinfeata Smith and 

Thielavia terricola Emmons, two members of the Ascomycotina. 

CHEMISTRY 

CHEMISTRY OF BENZO[b]PHENOXAZINE 

T. G. Jackson, M. R. Andrews, and C. W. Blocker 

University of South Alabama 

Mobile, Alabama 

It has been demonstrated that a number of derivatives of benzo[a] 

phenoxazine and benzo[b]phenoxazine possess tumor growth retarding 

action in mice as well as antituberculous action. We have synthesized 

for evaluation as potential chemotherapentic evaluation some 12-amino- 

acetylbenzo[b]phenoxazines. The apparent alcoholysis of the 12-chloro- 

acetylbenzo[b]phenoxazine blocked several attempts to prepare nitrogen 

mustard derivatives of the >N-C0CH2N(CH2CH2C1)2 type. 

OPERATION INTERFACE 

Aris Merijanian 

University of Montevallo 

Montevallo, Alabama 

A summary of the goals and activities of the Operation Interface 

which was held in Birmingham, Alabama by the Alabama Section of the 

American Chemical Society on November 1-3, 1973, is presented. 

Operation Interface programs are sponsored by the national office 

of the American Chemical Society and are supported through private 

sources. The purpose of Operation Interfaces conducted by many of the 

American Chemical Society sections in the country is to promote better 

understanding between industrial and university chemists. 

The paper deals with highlights of seminars, panel discussions, 

and points made by many of the guest speakers during this meeting. 

Many valuable suggestions and plans which were developed to sustain the 

momentum of the spirit of cooperation between industry and academia 

are discussed. 

A NATURAL SCIENCE PROGRAM FOR NON-SCIENCE MAJORS 

Clyde Riley and Alice Maurer 

University of Alabama, Huntsville 

An integrated content 12-semester-hour laboratory science program 

for non-science majors developed at The University of Alabama in 
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Huntsville is presented and discussed. Included are the reasons for 

development, the basic goals, and the methods utilized to achieve these 

goals. Some example topics, difficulties encountered in program ad¬ 

ministration, and solutions to some administrative problems are in¬ 

cluded in the presentation. 

LONG-CHAIN CRYSTALLINE POTASSIUM AMMONIUM POLYPHOSPHATES 

Richard C. Sheridan and John F. McCullough 

Division of Chemical Development 

Tennessee Valley Authority 

Muscle Shoals, Alabama 

Long-chain crystalline potassium ammonium polyphosphates having 

the general formula KX(NH4)yPn03n+1— where n is greater than about 10, , 

x+y = n+2, and y/x ranges from 0.25 to 4.0—were prepared in the lab¬ 

oratory. The preparations were made by heating ammonium ortho-, pyro-, 

tripoly—tetrapoly-, tetrameta-, or long-chain polyphosphates with 

potassium orthophosphate, carbonate, or chloride in a stream of ammonia 

at temperatures in the range 200° to 400°C for a period of 1 to 16 hours. 

The products formed an isoinorphous series in which the x-ray 

diffraction lines were linear functions of the nitrogen or potassium 

contents of the polyphosphates. The product mole ratio K/N was essen¬ 

tially the same as the moe ratio K/(P-K) in the starting material, and 

the slightly-soluble products were high-analysis fertilizers with 

N-P205-K20 grades ranging from 2-62-33 to 11-70-10. Small amounts of 

Cu, Zn, B, Fe, and Mo were incorporated as micronutrients in several 

preparations. 

The rate of hydrolysis of the long-chain polyphosphate was measured 

in neutral and acid solution, and the hydrolysis products were analyzed 

by paper chromatography. 

GEOLOGY 

SOURCES OF QUARTZ SAND IN A PIEDMONT STREAM 

Royal Belding 

Auburn University, Auburn, Alabama 

Procedures were investigated by which the relative amounts of quartz 

alluvium from two different sources could be determined. A five-mile 

stretch of an unnamed creek in Lee County, Alabama, was selected for 

study. The study site extends from Auburn southward to the confluence 

of the creek with Chewacla Creek. Chewacla Creek marks roughly the 

contact between the Alabama Piedmont and the Coastal Plain. 

The alluvial channel is also actively downcutting through the 

Piedmont basement rock with valley slopes underlain by exposed meta- 

morphic rocks and derived saprolite. Tuscaloosa sediments cap some of 

the topographic highs bordering the drainage basin. The two generalized 

sources of quartz sand are the Tuscaloosa sediments and the metamorphic 

terrane. 
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The sediment characteristics investigated were fractures, grain 

shape, grain-size distribution, and monocrystalline vs. polycrystalline 

grain abundance for random parts of the five-mile stretch of stream 

deposits. By comparing and contrasting the above properties of the 

bedrock, stream sand, and Tuscaloosa sands the relative significance of 

the two generalized sources was assessed. The Tuscaloosa and its 

saprolite contribute the majority of the quartz sand. The Piedmont 

rock and its saprolite contribute only a small percentage of the quartz 

sand. 

FAUNIZONES OF THE LITTLE OAK LIMESTONE 

Gorden L. Bell, Jr. 

University of Alabama, Birmingham 

The Little Oak Limestone in Bibb and Shelby Counties, Alabama, is 

nearly homogeneous in most areas, and identification of the different 

parts of the formation is difficult. However, distinctive facies do 

exist in the westernmost outcrops. Specifically, these include at 

Pratt Ferry the Pratt Ferry Facies and a unit herein proposed, named 

the River Bend Facies, for the small community just north of Pratt 

Ferry. Characteristically, this facies of the Little Oak is massive 

light to medium gray, medium-grained limestone with anastamosing silt 

laminae and chert nodules, and weathers with a powdery or silty white 

crust in the lower part. 

Throughout the outcrop area, the Little Oak can be separated into 

persistant faunal zones. The lowermost zone is here called the Isophragma 
sulcatum zone, characterized by the brachiopod for which it is named. 

In the River Bend Facies, this zone is also characterized by Pleuro- 
cystites, the isolated plates of which have been called Priscochiton. 

Above the Isophragma extensum zone is a thin zone containing 

Christrania subquadrata. This zone is readily traced throughout the 

Little Oak outcrop area. 

Directly above the C. subquadrata zone is a considerable thickness 

of a zone characterized by Paurorthis fasciculata. Other diagnostic 

forms include Maclurites, Prasopora, and abundant Nidulites in the 

lower part. 

The next higher zone includes the Pratt Ferry facies of the Little 

Oak. The diagnostic species of this zone is Orthombonites tenuicostatus. 
The uppermost zone is of variable thickness because of post-Taconic 

erosion of southwardly inclined upper beds. This zone is exposed only 

in the upturned edges of a set of faults lying immediately southeast 

of the main strike of Little Oak Ridge in the Pelham area. The zone is 

named for the trilobite Calliops callicephala, which is rare—as are all 

other species in the highly argillaceous and thinly laminated zone. 

The C. callicephala zone indicates a Trentonian age for at least 

the uppermost beds of the Little Oak Limestone, which is much younger 

than was previously thought. 
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CROSS-FACIES CORRELATION IN THE ORDOVICIAN 

SYSTEM OF ALABAMA 

George F. Brockman 

University of Alabama, Birmingham 

Detailed field and laboratory studies in the Ordovician System 

have resulted in a new conceptualization of the facies relationships 

in central Alabama. Major conclusions from present data are as 

follows: 

The "Athens" shale of Alabama is closely isochronous in all 

outcrop areas, and the bulk of the formation is of middle Wilderness 

age. 

The limestone underlying the Greensport Formation in its type 

area is a facies of the Carters Limestone and grades into the middle 

part of the Little Oak Limestone, rather than the "Lenoir Limestone" 

as generally stated in the literature. The Greensport can be seen 

intertonguing with the Carters and overlying limestones in Big Canoe 

Valley. Similarly, the limestone underlying the "Athens" shale and 

the Pratt Ferry beds in Bibb County is properly referred to the Little 

Oak rather than the "Lenoir", and accumulating evidence favors corre¬ 

lation to the upper part of the Stones River Group. Extensive collec¬ 

tions of the fossils in both areas has revealed the presence of 

Carters-Lebanon species in the middle part of the Little Oak Limestone 

on Little Oak Ridge, and of typical Little Oak species in the Carters 

and related formations at Birmingham. 

If continuing studies support the data now on hand, a major re¬ 

vision of the Middle Ordovician Series in Alabama will be in order. 

MINING URANIUM AND OIL FROM THE CHATTANOOGA 

SHALE FORMATION 

Robert M. Cox 

University of Alabama, University 

The Chattanooga shale is a Palezoic geologic formation which 

averages 30 feet in thickness and underlies much of the Southeastern 

United States. The shale represents a large volume-low grade source 

for both Uranium and Oil. 

There are several high tonnage-low grade mining techniques that 

could potentially be used to extract either the uranium or the oil, or 

both, from this formation under current economic conditions. 

Because of our present short range as well as long range energy 

resource problems, it is time that a serious attempt was made to extract 

the resources available in the Chattanooga Shale. 
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A LITHOLOGIC STUDY OF THE CENTRAL COOSA 

COUNTY TIN BELT 

Curtis M. Payne 

Department of Geology 

Auburn University, Auburn, Alabama 

The Millsite Mine area, the area of study, lies within the Central 

Alabama Piedmont near the town of Rockford, Alabama. The Rockford 

Granite and the Wedowee Shist outcrop in the area, along with the re¬ 

lated granofelsic unit, pegmatic and aplitic dikes, and pneumatolytic 

zones. 

The last period of metamorphism of the Wedowee Shist in the Rock¬ 

ford district, was apparently in the shist zone of fracture due to 

the parallel folding pattern that was developed. The granitic intrusion 

was probably closely associated with, but later than, this last period 

of metamorphism superimposing, over the previous metamorphism, a grano¬ 

felsic unit at the granitic contact with the shist. 

The top of the Rockford Granite is very irregular consisting of 

granitic cupolas and many discordant apophyses. The apophyses could 

have served as an instrument of fractionation. If the Granite cooled 

rather quickly, equilibrium could not be reached between adjacent areas 

within the granite. Each area would then vary in composition depending 

upon the number of apophyses that were extruded into the overlying 

shist from that particular area. 

Samples were taken from several stations for the purpose of 

determining oxide weight percentages. Based upon these percentages, 

the Rockford Granite was classified as a quartz tonalite to a grano- 

diorite, after Streckeisen. The oxide weight percentages were then 

plotted on a ternary diagram, plotting quartz against potassium feldspar 

and albite, resulting in a smooth curve showing a gradual increase in 

potassium content. If each station were to represent the composition of 

the granite at some point in its cooling history, the melt would increase 

in potassium content as the granite cooled. 

Another possibility, that could explain this compositional varia¬ 

tion, is assimilation. If this is the case, the granitic composition 

should trend toward the composition of the Wedowee Shist. 

PRODUCTION HISTORY, PATTERN, AND TRENDS FOR 

SURFACE MINING OF COAL IN ALABAMA 

Reynold Q. Shotts 

University of Alabama, University 

Production changes and trends for strip mined coal in Alabama are 

displayed in tables, and graphically, from its beginning in 1915. It 

is shown that during certain periods the growth rate both for total and 

surface-mined coal has followed certain mathematical relations. Last 

decade changes in the size of surface mines is discussed. The earliest 

strip mining from 1915 to 1929, is summarized as to coalbeds mined, 

their thickness, days worked, men employed, and apparent productivity. 
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GEOLOGICAL APPLICATIONS OF ERTS PHOTOGRAPHS, 

EAST ALABAMA 

Willard Sitz 

Auburn University, Auburn, Alabama 

It was determined that in certain instances stratigraphic units 

could be mapped by the use of satellite photographs. 

On the photograph used, which was a three-band color composite, 

areas of light and dark color were noted. The contacts of stratigraphic 

units were drawn in to determine relationships of these geologic con¬ 

tacts to the light and dark areas. 

It was found that the areas of similar color intensity correspond 

to groups of formations of similar lithology. An additional use to the 

geologist of multispectral color photography is the tracing of detailed 

drainage patterns that is sometimes essential to geomorphologic studies. 

SPONGE SPICULES IN THE STONES RIVER FORMATION 

OF THE BIRMINGHAM AREA, ALABAMA 

Ronald S. Taylor 

Auburn University, Auburn, Alabama 

Spicules were extracted from the insoluble residues of samples of 

Stones River (Middle Ord.) limestones where exposed by the Red Mountain 

Expressway Cut. Although no complete specimens of sponges were found, 

twenty-three sponge spicules were recovered from a ninety-foot section 

of bioclastic limestone. 

The spicules are of two kinds, differentiated chiefly by size. 

One kind of spicule consists of six evenly spaced slender rays in one 

plane with a short, stubby ray and a barely perceptible ray or lump 

positioned along an axis that is normal to the 6-rayed plane. The 

length of a ray in the 6-rayed plane ranges from 0.5 to 0.7 mm. and the 

stubby ray is 0.2 to 0.3 mm in length. The other kind of spicule is 

slightly different in shape and is smaller. The rays in the 6-rayed 

plane are from 0.3 to 0.4 mm in length and the larger of the two rays 

normal to the plane is 0.1 mm or less in length. 

Some spicules showed the effects of the dissolution and precipi¬ 

tation of silica. 

FORESTRY, GEOGRAPHY, AND CONSERVATION 

WATER BUDGET IN NATURAL WATERSHEDS OF CENTRAL ALABAMA 

George F. Brockman 

University of Alabama, Birmingham 

Analysis of published data on the flow rates of streams in central 

Alabama reveals that the average flow rate in each of the 

Q = 0.01063 S + 0.08826 P(P-0.8156 E) 
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where the flow rate Q is expressed in Kgal/acre-day, P and E are 

precipitation and evapotranspiration rates in the same units, and S 

is the reversibly stored groundwater supply in Kgal/acre. Surprisingly, 

the flow rate expressed in this way is independent of basin size and of 

basin topography, soil type, etc., over the fairly wide range of streams 

in the area. 

The first term in the equation above represents the aggregate 

effects of groundwater seepage and springs, and the remaining terms 

represent surface runoff. The advantage of a knowledge of this equation 

is that once these terms have been separated, it is possible to estimate 

the effects on each term of cultural changes in the stream basin. A 

model of this form permits greatly improved accuracy of planning for 

altered stream flow in areas that are undergoing agricultralization or 

urbanization. 

A COMPARISON OF METHODS FOR CLASSIFYING LONGLEAF PINE 

STANDS ON A PLANT INDICATOR SPECTRUM 

Earl J. Hodgkins 

Department of Forestry 

Auburn University, Auburn, Alabama 

A plant indicator spectrum for estimating site index of longleaf 

pine (Pinus palustris Mill.) was previously constructed to be used in 

conjunction with a "cover degree-abundance" scale for rating the indi¬ 

cator species. Since use of the cover degree-abundance scale involved 

subjective estimates, equally rapid but objective methods of rating 

the indicator species were tested as substitutes for using this scale. 

Milacre frequency rating as a substitute accounted for 94 percent of 

the variability obtained in using cover degree-abundance rating for 

calculating stand positions on the plant indicator spectrum. Non¬ 

rating of the indicator species (using their presence alone) accounted 

for 88 percent of the variability obtained in using the cover degree- 

abundance rating. It was concluded that either the use of the fre¬ 

quency rating or the use of presence alone could be reasonably sub¬ 

stituted for the use of the cover degree-abundance scale. 

THE GEOGRAPHY OF TOURISM IN ALABAMA 

Walter F. Koch 

University of Alabama, University 

American geographers have been studying the land use aspects of 

outdoor recreational activity since the 1930's. Unlike European geo¬ 

graphers, however, they have not become interested in the travel phenome¬ 

non known as tourism. Tourism is travel to see places and experience 

new things—mainly because others are doing it. Tourism is partly an 

emulative avocation. 

Apart from sites that provide outdoor recreational opportunities, 

purely tourist sites may be grouped into several distinct categories 

ranging from natural wonders such as caves and waterfalls through var¬ 

ious types of homes, buildings and historical places to amusement parks, 

museums and zoos. 
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Alabama lies in an enviable location at the crossroads of major 

highway systems in the Southeast. The state has a long list of attrac¬ 

tive physical and cultural sites that can be developed into profitable 

tourist enterprises. In 1970 the tourist travel industry in Alabama 

earned over $512,000,000 and provided over 67,000 jobs. This industry 

ranks third in the state's economy after the manufacture of metal prod¬ 

ucts and textiles. 

The geography of tourism in Alabama is a research field that 

offers numerous opportunities. Research into leisure time activities 

is needed to provide data for intelligent planning. Only through fore¬ 

sight can the state derive maximum economic benefit from its present 

and potential tourist attractions. 

A BRIEF METHOD OF MEASURING CONCENTRATION OR DISPERSION 

David Icenogle 

Department of Economics and Geography 

Auburn University, Auburn, Alabama 

In this paper a method of measuring the degree of concentration of 

a population is presented which makes use of the concept of a core area 

of dense population contrasted with a periphery of sparse population. 

The core area is defined as the smallest contiguous area which can 

contain one-half of the population of the study area, and the periphery 

is the largest area which contains one-half of the population. 

In brief formula form, an index of concentration in which a com¬ 

pletely dispersed population equals an index of 100, and in which the 

index of a completely concentrated population equals zero, would be 

written thus: 

pdp 
x 100 = Index of Concentration 

pdc 

In which pdp equals the population density of the periphery, and pdc 

equals the population density of the core. 

A case study of the changing index of population between the years 

1920 and 1970 in the states of Mississippi, Alabama, and Georgia con¬ 

cludes the paper. 

RESULTS OF A SURVEY OF CATFISH CATCH-OUT POND OPERATORS 

IN NORTHWESTERN ALABAMA 

Willard T. Morgan and Wayne A. Hubert 

Tennessee Valley Authority 

Division of Forestry, Fisheries, and Wildlife Development 

Muscle Shoals, Alabama 

There are approximately 425 catfish producers within the Tennessee 

River Valley. Forty-seven percent depend exclusively on a catch-out 

operation for marketing and 65% depend on catch-out for at least part 

of their sales. 
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In the fall of 1973 a survey of 9 operations in the Muscle Shoals 

area of northwest Alabama was made. The purpose of the survey was to 

acquire specific information about the catch-out business in northwest 

Alabama and to determine if the newly designed questionnaire supplied 

the desired information. 

The generalized catfish catch-out operation in northwestern Ala¬ 

bama is part of a larger agricultural operation, handled almost ex¬ 

clusively by family labor. The grow-out and catch-out portions of the 

operation take place in a single pond. In most cases, operating costs 

are quite high due to the small scale fish farming operation. Net 

returns are generally less than $2,500 per year. 

CAYMAN BRAC: A MICRO-STUDY IN GEOGRAPHIC 

PLANT DISTRIBUTION 

Glenn R. Sebastian 

University of South Alabama, Mobile 

Plant distribution on Cayman Brae is unusual for an area of its 

size. The plant distribution exhibits two unique qualities, the first 

being in density, and the other variety of species; the apparent cause 

for this distribution seems to be geology and relief. The west end of 

the island lies at sea level up to 20 feet. The vegetation in this 

area has been disturbed a great deal by man, but there are several areas 

which can be properly classified and in these areas the vegetation is 

extremely dense, reflecting the tropical environment. The tropical 

mangrove is common, thriving in the brackish waters of this low-lying 

area. From the 20-foot contour line eastward to the Bluff at 140 feet, 

the vegetation progressively changes in density and type. The extreme 

condition being along the Bluff's edge at the 140-foot elevation, 

where sparse xerophytes vegetation can be found. The most noticeable 

factor in the vegetation change is density. Although cacti are found 

in both regions of the island, they become more abundant at higher 

elevations. The bluff region is of a limestone base without any appre¬ 

ciable soil covering; in most cases bare limestone is exposed. As 

rainwater strikes this porous rock it rapidly seeps downward under the 

influence of gravity to the water table which is considerably beneath 

the 140-foot elevation. The amount of water retention at the upper 

level is nil, and ultimately this is the water which should supply the 

plants with moisture and nutrient needs. This condition creates the 

sparse vegetation on the Bluff. The west end of the island does not 

possess this condition, for it is low-lying, the water table is rela¬ 

tively near the surface, and the region has a more abundant soil cover¬ 

ing. 
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DEPLETED PINE-HARDWOOD FORESTS IN NORTH ALABAMA 

REHABILITATED BY STAND IMPROVEMENT CUTTINGS 

Glendon W. Smalley 

U. S. Forest Service, Silviculture Laboratory 

Sewanee, Tennessee 

In 1947 there were an estimated 2.8 million acres of depleted pine- 

hardwood forests in northern Alabama. According to the latest forest 

resource survey there is still a sizeable acreage of understocked com¬ 

mercial forest land. This study tested varying intensities of improve¬ 

ment cuttings in depleted stands where the prospects for natural rehabil¬ 

itation were good. 

Initially there were four treatments: a commercial logging opera¬ 

tion (COM), the commercial cut plus release of existing reproduction 

and saplings by deadening culls and undesirable species > 5.5 inches 

d.b.h. (6IN), and those > 1.5 inches d.b.h. (2IN); untreated plots (CHK) 

were the basis for comparison. Treatments were repeated on one-half of 

the plots after 10 and 15 years (REP). 

After 19 years all cuttings had resulted in significant gains in 

stand volume growth, pine volume, and pine volume growth over the CHK 

(438 ft.3/acre of pine). The 6IN (948 ft.3) did not stimulate growth 

appreciably more than the COM (876 ft.3). The COMREP and 6INREP (893 

and 1078 ft.3) resulted in non-significant gains over the respective 

single treatments. The 2IN (1254 ft.3) significantly increased growth 

over the COM and 6IN. Stand and pine volumes on the 2INREP (1550 ft.3) 

were not significantly larger than those on the 2IN; the growth rates 

were significantly larger. 

On an operational basis it would be advisable to concentrate the 

most intensive improvement on the best sites where rapid growth of 

high-value species would offset higher costs of treatment. 

INDUSTRIAL HARDWOOD RESEARCH IN NORTHERN ALABAMA 

Gordon White 

Champion International Corporation 

Decatur, Alabama 

Northern Alabama hardwood forests are generally in a state of low 

productivity and poor species composition because of past use and abuse. 

Alabama hardwood forests are only 35% stocked and producing only approx¬ 

imately 3/5 of their maximum potential. 

Northern Alabama hardwood forests, occupying a transitional zone 

between the northern and southern hardwood forests, provide the forester 

with unique challenges for management. 

The Champion International Corporation of Courtland, Alabama, con¬ 

sumes approximately 1,400 tons of hardwood fiber per day. The loss of 

hardwood lands to competing uses, the low productivity of existing hard¬ 

wood lands, and our need for hardwood fiber necessitates a hardwood re¬ 

search program. 

Champion International Corporation's program is the first industrial 

attempt to systematically research hardwood growth and yield. Studies 

under investigation include site-soil identification for natural or 

artificial regeneration of hardwoods; pine conversion; matching of 
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species to site; selection, breeding and testing of superior forest 

phenotypes; spoil bank reclamation; use of legumes for weed suppression 

and stimulation of tree growth; trials of exotics; and fertilization 

trials. 

PHYSICS AND MATHEMATICS 

TWO DIMENSIONAL REGRESSION FOR EQUAL INTERVAL DATA 

T. R. Edwards 

Marshall Space Flight Center 

Huntsville, Alabama 

An alternate approach to the problem of performing a two dimen¬ 

sional regression calculation presents itself when the topographical 

information is in equally spaced intervals. The least squares problem 

reduces itself to that of a weighted moving smoothing average algorithm. 

The time consuming summations associated with the usual normal equa¬ 

tions and the solution of these equations are eliminated. The weighting 

factors are universal numbers dependent on only two properties, surface 

order and data size. 

The weighting factors, described as Two Dimensional Convolute 

Integers, are calculated for a second order surface using a 5 x 5 data 

mask. 

INDUSTRY AND ECONOMICS 

SOME SELECTED CHARACTERISTICS OF ALABAMA TRAVELERS 

AND THE ALABAMA TRAVEL MARKET IN 1973 

James W. Adams 

Department of Marketing and Transportation 

Auburn University, Auburn, Alabama 

This study seeks to at least partially fill a conspicuous void in 

available information developed through primary sources that will ade¬ 

quately describe Alabama travelers and travel market characteristics. 

This task is here approached through a convenience sample design em¬ 

ploying the facilities at selected locations of Stuckey's Stores within 

the State at which points a continuous sample survey was conducted over 

the five-month period. May 1 through September 30. Some of the more 

salient findings indicated that Alabama travelers are predominantly 

under 30 years of age, likely to be "passing through" the State, sub¬ 

stantially more affluent than the general population, but with the 

level of affluence making little difference in amounts spent in the 

allocation of their expenditures. Alabama resident travelers, while 

differing little in income levels represented, tended to spend larger 

sums on their trips than nonresidents and accounted for almost half 

the total travel-party trips. While visiting historical sites and water 

recreational activities were the most popular travel activities, golfing. 
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beaches, and business/convention activities were most attractive to 

the more affluent. However, those engaged in boating and fishing 

tended to spend more per trip. 

THE ESTABLISHMENT OF THE FEASIBILITY OF PAPER WASTE SALVAGE 

IN NORTHWEST ALABAMA 

Gerald L. Cannon and Steven C. Chandler 

Florence State University and 

Office of Tributary Area Development 

Tennessee Valley Authority 

Florence, Alabama 

Recognizing that almost half of all solid waste consists of dis¬ 

carded paper products, and that multiple benefits could be realized by 

their reclaimation, an attempt was made to determine the feasibility 

of such a project. A five county region of Northwest Alabama was chosen 

for a pilot investigation. The combined objective was to ascertain 

the quantity, quality and recoverability of such material. 

A directory was constructed from 350 interviews with region 

merchants, industrial managers and newspaper people. Indication was 

made of major evaluative criteria as well as source name, address and 

phone number. It was discovered that 384,251 pounds of paper waste 

per week were available, 376,775 pounds of which was corrugated card¬ 

board (the most viable major source of paper waste for recycling). 

More than 71.9 percent of the waste was generated in a conjunctive two 

county area. 

The total far exceeds the estimated 250,000 pounds per week 

needed to justify the establishment of a salvage operation. Current 

method of storage and disposal and willingness to cooperate in a 

salvage operation were also shown for each source. Approximate mileage 

to a central site location was noted. 

A MANAGERIAL SYSTEMS VIEW OF THE NATIONAL ECONOMY 

E. D. Chastain, Jr. 

Auburn University, Auburn, Alabama 

and 

Wayne C. Curtis 

Troy State University, Troy, Alabama 

This research involves adaptation of systems analysis to problems 

of the national economy. The approach requires a view of the whole 

economy considering the interrelationships of the component parts under 

relevant environmental conditions. It thus requires consideration of 

the imperfect knowledge that prevails as a result of changes being ex¬ 

perienced or expected in the economy. 

Use of systems analysis requires synthesis and expansion of the 

various approaches to the national economy that have been employed in 

partial and general equilibrium analysis efforts of the past. It 

entails more than presently involved with the econometric models of the 

economy or of input-output analysis results. 
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Natural, behavioral, monetary, fiscal, technological, and admin¬ 

istrative forces need to be brought into view as they influence any of 

the traditional components of aggregate demand. Quantity of money, for 

example, is recognized as a variable influencing consumption, invest¬ 

ment, government and the foreign sector, but the use of quantity of 

money alone to explain or determine the nature of economic conditions 

that prevails is rejected. In similar manner, liquidity preference 

deserves interest in a much broader perspective than the traditional 

Keynesian or Neo-Keynesian treatment. 

THE MARKETING CONCEPT: A NECESSITY FOR HOSPITALS 

James D. Daher 

University Hospital 

and 

Fred L. Myrick 

Department of Business Administration 

University of Alabama, Birmingham 

Demands of society, a changing technology, and an excessive supply 

of hospital beds has created a new operating environment for modern 

hospitals. This competitive environment necessitates utilization of 

the marketing concept. 

Modern hospitals can now organize their health care teams to create 

the medical environment and services to meet each patient's medical 

needs on a spectrum of health care. These institutions must also pro¬ 

vide a social environment to meet the demands and expectations of not 

only their patients, but also their communities. Utilization of the 

marketing concept creates such an environment. This concept provides an 

integration of marketing tools and principles designed and created to 

utilize patient satisfaction to achieve institutional goals. 

Hospitals must utilize the marketing concept when establishing or 

revising major policies related to such areas as pricing, accommodation 

mix, bed complements, service allocations, etc. The public must be in¬ 

formed of these changes and their justification. Hospitals must uti¬ 

lize the marketing concept to gain public support and to experience 

continued success. 

AN EXTENSION TO THE KEYNESIAN CONSUMPTION FUNCTION: 

THE VEBLENIAN EFFECT 

D. Larry Davis 

University of Alabama, University 

Man as a social animal attempts to emulate his fellow creatures. 

Within man's individual sphere of influence, the prestige factor pre¬ 

cipitated by affluence tends to overshadow the 'economizing' and 'maxi¬ 

mizing' individual (Melville J. Herskovits, Economic Anthropology 
1952, Chap. 1). The preeminence of this hypothesis is exemplified by 

the evidence of prestige, affluence, and 'conspicuous consumption' that 

exist in our society. Since these variables are prime movers in in¬ 

dividual demand theory of consumption this analysis deals with the 

specific problem of the interdependences of consumption. It is posited 
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that introducing the specific variable, the stock of goods, actual and 

psychological, weakens two behavioral assumptions of "Keynesian" con¬ 

sumption theory. These assumptions are, (1) that every individual's 

consumption behavior is independent of that of every other individual, 

and (2) that consumption relations are reversible in time. 

The specific variable studied in relationship to these assumptions 

is the Beblen 'conspicuous consumption.' We posit conspicuous con¬ 

sumption as an independent variable in the dynamic consumption function: 

g(t) = a + gs (t) + 'Fx(t) 

where the variables are defined as g(t) is equal to the rate of expendi¬ 

tures for consumer goods in continuous time, (t) is equal to the stock 

of goods, actual and psychological, x(t) is equal to the flow of real 

personal disposable income at time (t), a, g and ¥ are constants, and 

s is the additional conspicuous consumption variable. 

Succinctly, the evidence of prestige, affluence, and 'conspicuous 

consumption' among other variables has seriously weakened the behavioral 

assumptions of "Keynesian" consumption functions. Furthermore, as Joan 

Robinson (Economic Philosophy, 1962, p. 119) has said, 

"The most noticeable effect of a growth in number is the 

way human beings destroy amenities for each other through 

cluttering up the country with their bodies, their houses, 

and their motor-cars. The external diseconomies of con¬ 

sumption are then so marked as to leave utility theory 

completely in ruins." 

Therefore, we have posited an additional variable which explicitly 

describes non-functional demand utilities for the interdependencies of 

consumption. One might observe that consumers should be awakened to 

these fallacious consumer demand facades, especially in light of the 

recent energy crisis so that resources could be shifted to reduce the 

supply of emulative goods for private consumption. 

THE CHANGING STRUCTURE OF COMMERCIAL 

BANKING IN ALABAMA 

William D. Geer 

School of Business 

Samford University, Birmingham, Alabama 

One of the most significant developments in Alabama's economy in 

recent years has been the dramatic change in the structure of commercial 

banking. This study seeks to examine the trend of Alabama banking since 

1946 in an effort to predict the state's banking structure in 1980. 

Alabama's banking resources increased from $1.3 billion in 1946 to $2.3 

billion at the end of 1960 or an increase of 81 percent. This compares 

with an increase in total resources from $2.3 billion to $8.6 billion or 

a gain of 224 percent for the period 1960-1973. While the number of 

banks has increased from 219 in 1946 to 287 at the end of 1973, the 

greatest growth has come in a 311 increase in new branches during the 

period. 

The Code of Alabama does not permit branch banking in the state. 

However, by special legislative acts all but 16 of the state's counties 
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either permit county-wide or limited branching. 

Possibly the most significant development in Alabama banking in 

recent years has been the rapid growth in multi-bank holding companies. 

At the end of 1973 eight multi-bank holding companies accounted for 

41 banks with 60 percent of the state's banking resources. It is 

predicted that by 1980 multi-bank holding companies will control 80 

percent of these resources. 

THE EFFECTS OF HETEROSCEDASTICITY ON CROSS-SPECTRAL ANALYSIS 

Hugh Johnson Guffey, Jr. 

Auburn University, Auburn, Alabama 

The study of marketing as a dynamic process necessitates the 

definition of the interactions between marketing activities as they are 

related over time. Traditional statistical techniques for studying 

time varying behavior have received limited application in marketing, 

since the quality of available data seldom meets the underlying assump¬ 

tions of the techniques. 

Cross-spectral analysis, a relatively new technique for analyzing 

temporal relationships, offers great promise in the study of marketing 

systems. Assuming a sufficient quantity of data, the primary limitation 

of this technique is the requirement of weak stationarity. Data trans¬ 

formations, in both means and variances, are common "corrections" for 

non-stationary data in spectral analysis. 

A great deal of work has been conducted in the effects of non- 

stationary means on spectral procedures. "Pre-whitening" techniques 

have evolved from this research and appears warranted for time series 

with non-stationary means. The subject of this abstract deals with 

the investigation of the effects of heteroscedasticity as a violation 

of the stationarity assumption of cross-spectral analysis. The Method¬ 

ology consisted of the simulation of paired series with known hetero- 

scedastic character and degree. These generated series were then used 

to test the ability of the cross-spectral algorithm to recover the 

nature of the series and an imposed time lag. 

Varying sample sizes, as well as several magnitudes of hetero- 

scedastic degree, were tested in these simulations. The results indi¬ 

cated that cross-spectral techniques are robust to heteroscedasticity. 

This suggests that current transformation practices to "correct" non¬ 

constant variances may represent more data alteration than is generally 

required. 

CONSUMER PROTECTION—KNOWLEDGE AND ATTITUDES 

OF SELECTED CONSUMER GROUPS 

James R. Harris and Jim D. Reed 

Department of Marketing and Transportation 

Auburn University, Auburn, Alabama 

In the recent past, much attention has been focused upon consumer 

protection legislation; however, for effective protection the consumer 

must be knowledgeable as to his/her rights in the marketplace. The 

basic objective of this research was to ascertain whether the consumer 

possesses adequate information concerning his/her rights and determine 
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if differences exist in consumer knowledge and attitudes by segregated 

classes. Three mutually exclusive groups of consumers (high school 

students, college students and community residents) were surveyed to 

gain insight into their beliefs and attitudes concerning consumer pro¬ 

tection. 

A convenience sample of 100 respondents from each of the above 

categories was drawn and a seventeen question, self-administered survey 

instrument was utilized. It is recognized that there are many inherent 

difficulties relative to the sample methodology; yet usable data of an 

exploratory nature were developed and some generalizations can be drawn 

from this study. 

In response to specific questions regarding consumer rights, there 

were a substantial number of incorrect answers in all three classes. 

The resident group scored higher on "knowledge" questions; highschoolers 

ranked second. The observed difference in knowledge concerning consumer 

rights was found to be statistically significant at the .05 level be¬ 

tween the adult group and both student groups; however the difference 

in response between student groups was not significant. Opinion and 

attitude questions likewise produced interesting results. Overall, the 

adult respondents were more strongly opinionated - pro consumer rights. 

The profile of college age students was quite similar, whereas high¬ 

schoolers reflected a more conservative, ambivalent attitude toward 

consumer protection. 

THE NEED FOR IMPROVED DEMOCRATIC PROCESSES 

ON THE RURAL FRINGES OF CITIES 

H. A. Henderson 

Tennessee Valley Authority 

Muscle Shoals, Alabama 

Migration and resettlement has been characteristic of American 

society beginning with immigration of people from Europe seeking land 

ownership and the freedom they associated with it. This was continued 

into the great western migration that settled the frontier. Two great 

movements are now under way: (1) the movement from farm to city, made 

possible by improved efficiency of farm production, and (2) the movement 

of people from the city to more desirable rural settings, made primarily 

as a choice in living environment. 

The two recent movements have met at the rural fringe crescents 

outside cities where many problems of land use and representative 

government have been exhibited. Many cities have sought and been 

granted powers to control residents outside their corporate boundaries. 

The rural residents do not have efficient machinery to participate 

in decisions of the cities, yet the cities are obtaining and exercising 

powers over the rural residents. Powers vary, but often include 

planning, police, and taxing powers. At least 15 states, including 

Alabama, grant some type and degree of power to cities to govern rural 

people outside their boundaries. Interests of the cities in these 

areas arise from selfpreservation as core city population is often 

declining and growth areas are concentrated in the rural fringes and 

also from the fact that these "fringe" residents are sometimes heavy 

users of many city services. 
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A need for some new democratic machinery to permit rural residents 

to participate in decisions of cities that affect their welfare is 

suggested. A number of possible solutions are suggested such as multi¬ 

county general government or abolition of cities as separate governments 

It is recognized that the final solution should, and hopefully will, be 

worked out slowly through democratic processes acceptable to both rural 

and urban residents. Professional leaders, particularly social scien¬ 

tists, are urged to recognize the problem and help design equitable 

solutions. 

AN EMPIRICAL TESTING OF A COMPUTER SIMULATION ALGORITHM 

FOR THE DETERMINATION OF SALES TERRITORIES 

J. Ford Laumer, Jr. 

Department of Marketing and Transportation 

Auburn University, Auburn, Alabama 

The importance of personal selling differs among firms, but to many 

it is the primary marketing tool. With such emphasis on personal sell¬ 

ing and thus on territory determination, one would expect considerable 

research to have been done in the area. But it has not occurred to any 

significant extent. 

This study examines an algorithm developed by Leon H. Robertson 

(1969) to generate alternate territorial patterns. Robertson did not 

test his algorithm with data from an actual firm. Thus the basic prob¬ 

lem was to test empirically the model utilizing data from a large, 

diversified producer and distributor of consumer products. The data 

were used to produce eighteen replications of Robertson's algorithm 

and to analyze the patterns generated. These replications involved 

variations of the three primary components—market potential, travel 

requirement, and the combining ratio. The criterion on which the 

analyses were based were his four hypotheses and his optimality measure. 

The results of the study lent little support to Robertson's findings. 

The apparent inconsistencies indicate that further study and refinement 

of the model are necessary to make it useful as a predictive, decision¬ 

making tool for marketing management. Still, a computer simulation 

algorithm appears to be a workable approach to the problem of sales 

territory determination. Robertson's model with modification could 

become a workable model. 

MARGINAL ANALYSIS AND THE ESTIMATION OF 

OPPORTUNITY TIME-COSTS 

John P. Newton 

Department of Economics 

University of South Alabama, Mobile 

This is an attempt to apply the economist's concepts of opportunity 

cost and marginal analysis to the analysis of time costs. Time-costs 

are defined as the actual number of hours consumed at a given activity. 

All other resource costs are ignored. Opportunity time costs are de¬ 

fined as the change (reduction) in time spent at one or more other 
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activities which accompanies the increase in time spent at a given 

activity. For example, the time-cost of college students commuting to 

class is the number of hours spent in travel. The opportunity time-cost 

is the sacrifice of time spent at other activities. 

Marginal analysis enters the picture when we attempt to estimate 

the change in time spent at "other" activities which accompanies, say, 

a one-hour increase in time spent traveling. Thus, if a student in¬ 

creases his travel time from, say, two to three hours per week, and 

correspondingly reduces his study time 30 minutes and his meal time 

30 minutes, these sacrifices may be said to be the opportunity time- 

costs of the additional hour of travel. 

In the present example, opportunity time-costs are estimated 

by comparing the time spent at study, gainful employment, extra¬ 

curricular activities, and waiting for classes by students who spent 

different amounts of time traveling to classes. 

ALABAMA'S PAST DEGREE OF ENERGY DEPENDENCE 

Reynold Q. Shotts 

University of Alabama, University 

The production and consumption of mineral fuel energy in Alabama, 

in the recent period 1968-1972, were tabulated and compared. It is 

shown that the state consumes more of each mineral fuel than it produces 

even including coal. 

By means of ratios and coal equivalents of the other fuels, the 

extent of the state's lack of self sufficiency, is shown. 

No attempt was made to consider nuclear energy (still small) or 

hydrogenerated energy. The energy content of relatively minor sources 

originating from mineral fuels such as wood, LP gases, coal gas, lubri¬ 

cating oil, tar, etc., were also not considered. 

SCIENCE EDUCATION 

COMMUNICATION: NEW APPROACHES IN THE CLASSROOM 

Eugenia Corina 

Huffman High School 

This is an attempt to show, by a slide presentation, some of the 

variety of innovative teaching methods that have been used in biology 

classes at Huffman High School. The topics discussed are listed below. 

Programmed Study - Individual and group laboratory activities in 

mini-kits prepared on several topics. 

Bulletin Boards - Conventional bulletin boards and also class¬ 

room walls used with student prepared cut-outs to demonstrate 

mitosis, mieosis, and fertilization. 

Display Case - Variety of appropriate collections—insects, 

rocks, shells; collected and displayed by students. 
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Overhead Projection Transparencies - Student made, teacher made, 

commercial. 

Individualized Student Laboratory Activity - Histology unit 

using prepared slides and slides photographed from books with 

taped narration. 

Research Paper - Variety of topic choices to be individually 

researched by students in library. 

Book Reports - Selected reading from prepared list to 

correlate with course. 

Outdoor Laboratory - Actual work in numerous campus activities— 

composting, fertilization, planting, pruning, terracing, clear¬ 

ing, rooting, weeding, nature study, ecology. 

Chalk Talk - Student drawing and explanation of systems of the 

human body on a chalk board. 

Fun Time - Punch made from sumac berries—picnic in outdoor 

laboratory. 

Grow Light and Stand - For propagation and growth of indoor 

plants. 

Rome Made Lab Kits - Soil testing, water testing, chromatography. 

Science Fair Projects - Student research projects - class projects 

judged by students - winners entered in school fair, and possibly 

regional fair. 

Contracts - A number of "contract folders" provided for students 

to choose an agreed upon number to be completed. 

Photography - Slides made of class activities - book copying 

for illustrative teaching slides - microphotography of 

microscopic materials. 

Terrarium and Aquarium - Maintained year round in classroom 

as teaching aid and source of living materials. 

THINK METRIC 

Nancy Davis 

Birmingham Public Schools 

A brief history of measurement was presented using overhead trans¬ 

parencies showing derivation of the inch, yard, foot, etc. Some 

changes that will come about with the adoption of the metric system, 

such as trade with world powers, business, industrial and automative 

changes were discussed. The U.S. is the last major country using English 
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Measurements, and it is fast approaching the legal adoption of the 

metric system. The real problem, however, will be in implementation 

of the metric system. 

Teaching the metric system involves three phases: 

1. Motivation 

News items 

Debates 

Bulletin boards 

Games 

Cartoons 

Posters 

2. Metric Prefixes and Systems 

Based on ten 

Similar to money 

Length, volume, mass 

3. Conversions 

Dimensional Analysis - unit conversion 

Calculators 

Slide rule 

Charts 

Commercial converters 

Practice lessons for students were demonstrated such as: 

Metric measurement of height, weight, volume 

Metric mileage on maps 

Using liter and quart containers to demonstrate and 

calculate comparisons 

Weighing liter of water and demonstrating that it 

weights one kilogram 

Demonstration of temperature comparisons - Fahrenheit and 

Celsius and conversion procedures 

This illustrated talk and demonstration closed with the following 

quotation: 

Charlie Brown we're going Metric 

Even though it may seem hectic! 

Train your mind to think in meters 

Kilo grams and milliliters 

THINK METRIC 

SCIS IMPLEMENTATION IN THE CULLMAN CITY SCHOOLS 

Hollis C. Fenn, Charles E. Keys, and James E. Lake 

Florence State University 

Florence, Alabama 

The summer workshop to train teachers in the SCIS materials was held 

in August of 1973. The program is being implemented at the present. 

Slides were shown presenting the introductory sessions, film show¬ 

ings, study of equipment and printed materials, and use of children in 

microteaching sessions. 

The implementation phase included slides on in-service sessions 

and actual classroom activities. 
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AEROSPACE: THE FEMALE ENDEAVOR 

Dutchie S. Riggsby 

Columbus College, Columbus, Georgia 

Contributing to the involvement in aviation and space exploration, 

there have been many courageous and daring women. These women have 

contributed to the field of knowledge through their roles as teachers, 

photographers, researchers, and observer-recorders. Women have given 

their lives in active participation and leadership. Some of these 

daring women recorded in history were: Marie Tible - made a balloon 

ascent in 1783 (just seven months after the first man went aloft); 

Aida de Acosta - first woman to pilot a dirigible; Baroness de la Roche - 

soloed as first woman pilot, 1908; Ruth Nichols - first woman in United 

States to pilot a passenger plane for an airline, 1930; Louise Thaden 

and Blanche Noyes - won the Bendix Transcontinental in 1936 over a 

field of men and women; and Jerri Cobb - first woman to qualify as an 

astronaut, 1961. 

There were other women who made such an impact on events that their 

names and feats are common knowledge, for example: Ester Risk Goddard - 

wife of Robert Goddard, served as official photographer for the events 

in the beginning of the rocket era; Amelia Earhart - first nonstop 

transatlantic flight solo by a woman; Valentia Tereshkov - first female 

cosmonaut; and Jacqueline Cockran - broke the sound barrier. Though 

there are many women whose names could appear here, the major purpose 

is to give students an idea that there were a lot of women involved in 

the progress of aerospace endeavors. There are no limits on accomplish¬ 

ment in the area of aerospace activities, at least, not based on physi¬ 

cal differences between the sexes. 

METRICATION IN SIXTH GRADE SCIENCE 

Ernest D. Riggsby 

Columbus College, Columbus, Georgia 

and 

Sandra Dell Williams and Carole Rutland 

Muscogee County Schools, Georgia 

A pilot program for the study and use of metric measurement units 

in sixth grade science was undertaken at Georgetown Elementary School, 

Columbus, Georgia during the spring quarter 1973. Involved in the 

preparation of the materials for study and the implementation of the 

project were a student teacher, a sixth grade teacher, and a member of 

the faculty of a nearby college. The pilot program was based upon an 

approach which required no interconversion between the metric units and 

the British System quantities found in the textbook which was regularly 

used in the class. 

Laboratory exercises, both experiments and demonstrations, were 

written and planned using metric expressions. Metrically calibrated 

glassware, scales (rulers), and balances were provided in order that 

students might have initial experiences in measurement and computation 

using metric system (SI units.) Activities involving weight, volume, 

time, distance, and temperature measurements were emphasized. 
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The response from students was favorable. Achievement was at 

normal levels of expectation. A continuation of the program is 

anticipated. 

TIME AROUND THE WORLD 

Wesley M. Roberds 

Samford University, Birmingham, Alabama 

A useful concept is described for finding the standard time, and 

day, at any longitude on the earth having given the time at some other 

longitude. 

Each day is conceived as a tape which emerges from the Inter¬ 

national Date Line and proceeds westward around the world at fifteen 

degrees per hour while the previous day retreats westward and disappears 

into history at the IDL. 

Thus, normally there are two days in existance simultaneously on 

the earth and some portion of a given day exists for forty-eight hours 

on the earth. 

The day tape for Tuesday, for example, joins the previous day 

Monday at midnight (Tuesday-Monday) and each day tape can be thought 

of as being marked in twenty-four hour sections. 

For example, when it is two P.M. in Birmingham this hour passed 

London six hours previously and hence it is eight P.M. in England. 

Moreover in Hawaii, which is four hours west of us, the two o'clock hour 

will not arrive for another four hours. Therefore it is ten A.M. there. 

Charts to further demonstrate the concept will be presented along 

with a modified globe which has been equipped with a movable day tape. 

THE CHALLENGE OF SCIENCE—ARE SCIENCE TEACHERS BEING TRUTHFUL? 

Joseph C. Thomas 

Florence State University 

Florence, Alabama 

When the history of the Twentieth Century is written, it will un¬ 

doubtedly be entitled The Scientific Age. This means that the current 

generations are living in what may be termed the Golden Age of Science. 

In the 1920's we "knew it all," but yet there has been a tremendous 

scientific knowledge explosion that has come since then which has 

created this Scientific Age. The Scientific Age brought in the Atomic 

Age of the 1950's which in turn brought in the Computer Age of the 

1960's and we are currently living in the Environmental Age of the 

1970's; all of which are a part of the Scientific Age. 

Even though we are in the middle of the Scientific Age, many of 

our students and a great proportion of the lay people completely mis¬ 

understand the nature of science with the stated attitude that scien¬ 

tists have all the answers. If so, science is a "dead subject." 

Could the reason for this misunderstanding of the role of science today 

be due to the way that science is taught in our elementary and secondary 

schools? If so, science teachers need to be more truthful and explore 

the real frontiers in science with their students. Science needs to be 

taught "the way it is." 

261 



Journal of the Alabama Academy of Science 

THE UTILIZATION AND EVALUATION OF ROLE PLAYING 

IN ELEMENTARY SCIENCE EDUCATION 

William T. Thornton 

Department of Science and Mathematics 

Troy State University at Fort Rucker 

Fort Rucker, Alabama 

In elementary science education, role playing, a means of demon¬ 

strating effective teacher-student interaction, involves the acting 

out of typical classroom activities by students who are assigned 

"teacher" roles and "student" roles. The development of the skills 

of communication with students and the proper use of science teaching 

techniques and equipment can be incorporated in a methods course using 

role playing. 

From a study of opinions of elementary education majors who par¬ 

ticipated in role playing in a science methods course, it was concluded 

that the majority of the students thought that role playing helped 

teachers develop acceptable responses to students (94%), increased 

teacher awareness of students' problems (86%), increased teachers' 

ability to meet individual student's needs (81%), should be continued 

in science education (92%), should be required of all students in the 

role of a "teacher" (77%), and does not reduce the amount of factual, 

scientific information that should have been gained (72%). 

There was no concensus, however, that teacher attitude toward 

students was evident during role playing (44% agree, 27% disagree, 29% 

no opinion) and that all students should be required to participate in 

the role of a "student" (45% agree, 25% disagree, 30% no opinion). 

THE COOPERATIVE URBAN TEACHER EDUCATION (CUTE) 

AT THE UNIVERSITY OF ALABAMA 

James D. Welker and Ronnie L. Stanford 

College of Education 

University of Alabama, University 

The Cooperative Urban Teacher Education Program was developed by 

the Mid-continent Regional Education Laboratory as an attempt to provide 

cultural orientation for potential inner-city teachers and to increase 

the quantity of their training which deals specifically with educational 

problems common to an inner-city classroom and low income environment. 

The CUTE concept assumes that a prospective inner-city teacher 

should: understand his own and his pupil's environment and culture; 

understand his own attitudes, insecurities, anxieties, and prejudices, 

as well as those of his pupils; understand and possess competency in 

inquiry teaching methods for inner-city learners. The CUTE program 

strives to meet these instructional goals with a curriculum centered 

around three main components: the Educational Component; the Sociological 

Component; and the Mental Health Component. 

The University of Alabama in Tuscaloosa has adopted the key features 

of the CUTE concept to provide a new orientation in its teacher education- 

program. Eleven student teachers under the direction of Dr. Welker, 

Ronnie Stanford and two other graduate students, completed six weeks of 

intensive classroom and field activities designed to achieve the goals 

outlined above- 
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Following this phase of the program, the students entered the formail 

classroom student teaching phase for a period of nine weeks. Twice each 

week, the student teachers assembled for seminar to discuss problems 

encountered in the classroom and to participate in microteaching epi¬ 

sodes designed to improve their teaching skills. 

The Tennessee Self Concept Scale, the Personal Orientation Inven¬ 

tory, an attitudinal scale developed for the CUTE program by McRel 

Laboratories in Kansas City, and the Texas Battery of tests, previously 

used at the university to obtain data to be used in counseling student 

teachers, were administered as pre- and posttests. The data from these 

tests have not been analyzed; however, the persons involved with the 

CUTE Program, both instructors and student teachers, feel that the CUTE 

Program is an excellent alternative to traditional teacher education 

programs. The experiences provided in the CUTE Program enable the neo¬ 

phyte teacher to better understand the educational, social, and cultural 

forces at work in teaching situations involving children from a low 

income environment and a culturally different background. 

THE PRODUCTION OF LABORATORY ACTIVITY CARDS 

FOR AEROSPACE SCIENCE 

Sandra Dell Williams and Ronnie Shehane 

Muscogee County Schools, Georgia 

and 

Ernest D. Riggsby 

Columbus College, Columbus, Georgia 

Difficulties encountered in providing adequate laboratory activities 

for aerospace science at the upper elementary school level stimulated 

the project described. While a large number of laboratory experiments 

and investigations exist, they are widely spread throughout the litera¬ 

ture. Moreover, a significant proportion of the extant activities are 

not sufficiently geared toward the recognized objectives of elementary 

school science. 

A team of three persons: an elementary science teacher, an elemen¬ 

tary science consultant for a public school system, and a college level 

science educator collaborated to collect, write, and edit the set of 

Laboratory Activity Cards used in this project. The cards have gone 

through one pilot effort and have been revised in terms of the findings 

of that pilot study. Presently, the laboratory activity cards are 

being used in three elementary science classes—grades 4, 5, and 6. 

Two major advantages seem to have accrued from the project: 

(1) centralized location of the cards and laboratory materials 

(2) better focus upon identified elementary science objectives of 

the local school. 

Plans are to reproduce the sets of Laboratory Activity Cards for 

use in other schools of the local system. 
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ACCOUNTABILITY? 

William B. Shell 

Auburn University, Auburn, Alabama 

A hushed silence pervades the courtroom—all attention is directed 

toward the witness stand. Dr. V. Smart, the defendant in the case, has 

just been sworn in, and somewhat uneasily takes the stand. He is 

immediately confronted by the attorney for the complainants (Biology 

Class 101 - consisting of seventy-five students). His name is Mr. V. 

Shrewd. Let's listen. 

Mr. Shrewd: Dr. Smart, do you know why you are being tried? 

Dr. Smart: Yes, I think so... 

Mr. Shrewd: Why? 

Dr. Smart: Oh, it's got something to do with accountability 

(whatever that means). 

Mr. Shrewd: Dr. Smart, how many students do you have in your 

Biology 101 Class? 

Dr. Smart: Oh, I don't know. There are about one hundred seats 

in my lecture hall and I would say about 3/4 have been 

assigned. 

Mr. Shrewd: How many of these seventy-five students show up for 

your lectures? 

Dr. Smart: I don't really know—it's kinda dark in the back. 

However, I do have a monitor check the seat numbers, 

to see who is absent. 

Mr. Shrewd: Dr. Smart, how many hours do you lecture each quarter? 

Dr. Smart: About forty-five hours. 

Mr. Shrewd: Doctor, how many brilliant lectures do you have in 

your repertoire? 

Dr. Smart: All forty-five of them. 

Mr. Shrewd; Dr. Smart, do you know what the attention span of the 

average adult is? 

Dr. Smart: I should think several hours. 

Mr. Shrewd: Research indicates it is no more than seventeen 

minutes, usually much less. 

Dr. Smart: That couldn't possibly be - my lectures last for 

50 minutes. 

Mr. Shrewd: Dr. Smart, how many students fail your Biology course 

each quarter? 

Dr. Smart: About 40%, I should say. 

Mr. Shrewd: Don't you think that is a bit high? 

Dr. Smart: Yes, I suppose so, but I don't have time to screen 

every student to determine if he has the proper entry 

background and they're letting just about anybody into 

college these days. 

Mr. Shrewd: Dr. Smart - when a student first enters your class - 

does he know what he is expected to do during the course? 

Dr. Smart: Why yes, it's written in the college catalog. 

Mr. Shrewd: Dr. Smart, do you have a list of your course objectives? 

Dr. Smart: Surely - I always carry them around with me - in my 

head. 

Mr. Shrewd: Doctor, what are some of your course objectives? 

Dr. Smart: Oh, let's see. To understand about Biology. I guess 

that is the most important one. Others - to be able to 
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Dr. Smart: 
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Dr. Smart: 

Mr. Shrewd: 

Dr. Smart: 

Mr. Shrewd: 

cut up a fetal pig, to use the microscope, to know 

the names of most plants and animals, etc. 

Doctor, what are your course requirements? 

To pass the final exam. 

Doctor, do all of your Biology students read on the 

same level? 

On the same level!!! Why man, some of them can't read, 

period!! 

Dr. Smart - is your final examination written? 

Of course it is - aren't they all?!! 

Dr. Smart, do you read Chinese? 

I do not!!! 

Doctor, if I were to administer a Biology test to you 

written in Chinese, could you pass it? 

Don't be ridiculous - of course I couldn't, nobody 

could that didn't read Chinese. 

Doctor, how would you rate your academic competence? 

I have a Ph.D. in Biology with specialization in 

entomology and ornithology. I have 2 years post¬ 

doctoral work in Biology and have more than 100 

publications and have been chairman of several 

national Biological committees over the past few 

years. 

Where did you learn how to teach. Doctor? 

From my college professors. I had many great 

lecturers and I spend much time preparing mine. 

I have been told by my colleagues that my lectures 

are excellent. 

Dr. Smart, how do your students feel about your 

lectures? 

What do they know, they are in no position to judge 

me. I can tell you this, if they would spend less 

time running to the Dean and more time studying, they 

would do a lot better. 

Dr. Smart, do you consider yourself an educator? 

Hell no!! I'm a Biologist. 

Then why do you teach? 

I must say, the time I spend in the classroom does 

take away a lot of the time I need to be doing other 

things. 

Like what, doctor? 

Like something important—lab work, research, and 

more travel to biological meetings. 

One last question doctor, do you feel accountable for 

the learning of your students? 

It's my job to teach; their's is to learn—I don't 

see any connection. 

The defense rests. 

265 



Journal of the Alabama Academy of Science 

SOCIAL SCIENCES 

A PROFILE OF BEHAVIORAL ATTRIBUTES OF OLDER AMERICANS 

Henry L. Andrews 

Department of Sociology 

University of Alabama, University 

The process of integration of the aged into society is a function 

of conditions which place elderly people within a total social system 

and govern their participation in groups. Behavioral attributes, 

resulting at least in par: from individuals attaining the status of 

being old, indicate that older Americans: 1) are likely to be about 

equally distributed as urban or rural residents; 2) show a predominance 

of women over men; 3) have fairly stable expectations of years of life, 

years of work life, and years of retirement; 4) have completed approxi¬ 

mately nine school years, and a very small proportion are college 

graduates; 5) tend to live in separate households with no relatives or 

alone; 6) are more likely to be widowed than the general population; 

7) have a low labor force participation rate; 8) generally, are living 

on family income of less than $7,000 per year, and about one-fourth of 

elderly persons are living below the poverty level; 9) have a lower 

level of consumer expenditures than the general population; and 10) are 

not likely to be a lot of decrepit persons in the community. 

SOME STRUCTURAL ASPECTS OF THE HISTORICAL DEVELOPMENT 

OF SOCIAL PROBLEMS 

David C. Beverly 

Auburn University, Auburn, Alabama 

Events or individual acts which are referred to as social problems 

seem to be identified on a basis of the threat which they represent to 

the established order of a social system. This order is supported and 

maintained through structure which is utilized to assure adherence to 

"normal" patterns of behavior which are seen as desirable. Deviance 

is the outgrowth of a differing perception of what should be ordained 

as acceptable through the nature of the existent structure. 

Conflict results from refusal of one party to accept and adhere to 

what the structure asserts as being necessary for maintenance of order. 

The conflict between these differing points of view may result in three 

obvious possibilities: (1) preservation of the existent structure, 

(2) replacement of existent structure with a new form, and (3) inte¬ 

gration of old and new elements of structure. 

When the outcome of the conflict is determined, the new structure 

must have the ability to stabilize its position either through popular 

support or coercion. When the structure has existed sufficiently to 

establish its stability, norms evolve which redefine or reiterate con¬ 

ceptions of normality which support the order which the structure has 

illustrated as being desirable. From here, the process of structural 

change eventually repeats itself with the end result of each cycle being 

a structure which is seen as responsible for order in the social system. 
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TEACHING DEMOCRACY IN THE COLLEGE CLASSROOM: 

A PRELIMINARY INQUIRY 

Glen Browder 

Department of Political Science 

Jacksonville State University 

Jacksonville, Alabama 

In this study, a questionnaire was administered to 400 college 

students in 14 political science classes. The question of concern was 

the extent of democratic attitudes among the students—that is, their 

belief in democratic rules-of-the-game and their sense of political 

efficacy (both measured by a five-item index commonly used in this area 

of research). 

The most prevalent finding is that the students, as a group, ex¬ 

hibit high belief in rules-of-the-game and low sense of efficacy. The 

most pertinent finding is the fact that there is a relationship between 

course level and these important aspects of democratic citizenship. The 

students seem to become more "democratic" according to their exposure 

to the political science classroom, since there is a consistent increase 

in both belief in rules-of-the-game and efficacy from the introductory 

to the advanced course. Of course, this is only a preliminary and 

static inquiry; a follow-up questionnaire is to be employed to measure 

change more validly. 

NAPOLEON'S VICTIM: THE SUMMARY EXECUTION 

OF JOHANN PALM, August 1806 

Allen T. Cronenberg, Jr. 

Auburn University, Auburn, Alabama 

On August 26, 1806, Johann Philipp Palm, a bookdealer from 

Nuremberg, was condemned to death and executed by French authorities for 

distributing "libelous" pamphlets which incited the inhabitants of 

southern Germany to rebel against the Grand Army. Palm was one of 

several bookdealers in southern Germany who, in the spring and summer 

of 1806, opposed the changes which the French Emperor was forcing upon 

the German states. 

The Battle of Austerlitz, and the subsequent treaty of Pressburg, 

had dealt a devastating blow to Hapsburg power in Italy and in the Ger¬ 

man states. The princes of southern Germany had allied themselves with 

Napoleon against Austria and Russia, and were rewarded with territory 

and higher royal titles for their efforts. Furthermore, Napoleon broke 

up the Holy Roman Empire and created a constellation of satellite states, 

the Confederation of the Rhine, under his protection. 

In order to accomplish these aims, the Grand Army remained in oc¬ 

cupation of southern Germany in the months following Pressburg. The 

burdens of occupation were so great that considerable resistance developed, 

expressing itself in disturbances as well as the distribution of anti- 

French tracts, such as "Germany in Its Deep Degradation" which Palm had 

conspired to disseminate. 

Stung by the invectives of these pamphlets, Napoleon ordered that 

their distributors should be apprehended and shot for inciting the popu¬ 

lace to rebellion. Palm's execution was meant as an example to the other 
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opponents of Napoleon; but rather than cowering before the French Em¬ 

peror, the German people were outraged. In Palm, Napoleon had created 

a martyr to the cause of liberation from the French "yoke" and German 

nationalism. 

EDUCATIONAL GOALS OF NORTHEAST ALABAMA YOUTH: 

A HISTORICAL COMPARISON 

J. E. Dunkelberger and Nina G. Stuart 

Department of Agricultural Economics and Rural Sociology 

Auburn University, Auburn, Alabama 

This paper presents an historical comparison of the educational 

goals of Northeast Alabama youth. Data were provided by 924 high school 

seniors in 1966 and 918 in 1972, who comprised a major portion of the 

school population attending a random sample of high schools located in 

four Northeast Alabama counties. 

Differences in the status projections of high school youth during 

the period were made on the basis of sex. The educational status 

variables tested were aspiration, expectation, goal deflection, intensity 

of aspiration, and certainty of expectation. Additionally, the resi¬ 

dence of the respondents was considered in relation to the aforementioned 

status variables. 

It was concluded that from 1966 to 1972 boys and girls demonstrated 

a change in the direction of significantly lower educational aspirations 

and expectations. Value placed on education declined substantially 

relative to other life goals. Also, the respondents reflected less 

certainty of achieving their educational expectations. On the other 

hand, differential patterns of change were observed for boys and girls 

in regard to anticipatory goal deflection. Boys experienced less 

incongruence between their educational aspirations and expectations in 

1972 while a converse pattern was observed for the girls. 

Concerning the impact of place of residence on educational goals, 

the data indicated that residence was only minimally associated with 

patterns of change over time. However, respondents' residence types 

were relatively homogeneous in that they ranged only from small urban 

to farm. The downward change generally existed regardless of residence 

type. 

DEMOGRAPHIC CONSCIOUSNESS 

Chester W. Hartwig 

Department of Sociology 

Auburn University, Auburn, Alabama 

Human consciousness in the modern world is in process of undergoing 

an extensive and significant change due to the infusion and increased 

recognition of the Malthusian proposition advanced almost two centuries 

ago. This proposition was, fundamentally, a more radical and revolu¬ 

tionary perspective on the human condition than was that advance by 

Karl Marx. Taking note of the recent large increments to the world 

population—one billion additional human beings in the past fifteen 

years, there is a growing awareness of our limited cultural capabilities 
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for providing for such large additions in such a short span of time 

and inevitably there is generated a concern over the carrying capacity 

of our globe. Such an interest raises the question of: What shall we 

make of ourselves? 

Profound issues regarding human living are raised when such a 

perspective is realized and only two topics are here too briefly pursued: 

the radical dimensions of such a question and how such a query is re¬ 

lated to the discipline of sociology. The question raised is a par¬ 

ticularly vexing one for modern man because of the depth and variety of 

human experience available to him as he confronts the issue of how he 

should attempt to manage his future. The question revives the issue, 

for the sociologist, as to how science is related to human values. It 

is argued that the sociologist has an important role to play in the 

determination of how man proceeds on into his future. 

THE SOCIALIST ALTERNATIVE TO BISMARCK'S RUSSIAN 

POLICY, 1880-1896 

William H. Maehl 

History Department 

Auburn University, Auburn, Alabama 

From 1878-1890 the attitude of the German Social Democratic Party (SPD) 

towards foreign policy was negative. Persecuted under the Anti- 

Socialist Law, the party castigated Bismarck's Russophilism, was in¬ 

different to external security and dreamed of a Russian revolution 

that might also ignite Central Europe. 

Bismarck's fall, the restoration of legality to the SPD, and 

a fourfold increase in its voting strength since 1878 conspired to 

change the Socialist outlook by 1891. The shining prospect of winning 

nation-wide majority support and of legitimately inheriting the father- 

land restored the SPD's interest in parliamentarism and national secur¬ 

ity. 

August Bebel, the party's foremost leader, believed that despotic 

Russia was planning an early attack upon Germany and Austria-Hungary; 

yet he felt until the mid 1890s that the Triple Alliance afforded 

adequate protection. The Franco-Russian alliance and a realization 

that Italy was drifting away from Austria caused Bebel and his comrades 

to conclude by 1896 that Germany must immediately seek alliance with 

England. 

Axiomatic to Socialist diplomatic thinking, which was nationalist 

rather than doctrinally stereotyped or Marxist, was the proposition that 

Russian imperialism threatened both the German proletariat and European 

civilization. Inasmuch as only an Anglo-German-Austro-Hungarian combi¬ 

nation could save Europe from sinking under the tsarist anvil, it must 

be concluded that the leaders of the SPD were justified in attacking the 

imperial government's Weltmachtpolitik and resolve to build a high seas 

battle fleet. Obviously, this would end by alienating Great Britain, 

whose support was indispensable if Germany were to survive a two-front 

war. 
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ALABAMA IN THE LAST DECADE: HISTORICAL, POLITICAL, ECONOMIC 

Henry S. Marks 

Northeast Alabama State Junior College, 

Rainsville 

As the author of the annual article on "Alabama" for Collier's 

Encyclopedia Yearbook, I have had an opportunity to examine the history 

of this state for the past decade and am directing my attention to 

some of the problems engendered by change in Alabama's economic, polit¬ 

ical and social spheres. At the same time I wish to stress that the 

attention paid to these problems does not mean that I disagree with 

change. Indeed, most of the changes brought about during the past 

decade have been most beneficial to our state. 

In the economic sphere new and expanded industry has created 

problems of long-term consequence. Industry is not the panacea for 

all economic problems; inherent in the development of industry are the 

problems of the relationship of industry to rural areas; the stability 

of industrial growth; the problems of non-state or regional ownership; 

the problem of developing "home-owned" industry and the growing unequal 

distribution of wealth in agricultural industry. 

Politically, the imbalance between the executive and legislative 

branches of state government has been widened, and efforts of the 

legislature to overcome the imbalance have met with failure. 

Social change has occurred, along with some natural reluctance to 

adapt to change and, unfortunately, with much violence early in the 

decade. Problems with education still exist on all levels of develop¬ 

ment. Hopefully, a revamping of many of the state's school systems will 

alleviate many of these problems. 

AN INVESTIGATION OF POPULAR IMAGES: 

WASHINGTON AND FRANKLIN IN THE NINETEEN-TWENTIES 

Marsha Kass Marks 

Department of History 

Alabama A & M University, Normal 

The masses of the American people may mold a public man in their 

image of the ideal, and transmit the cherished myth for generations, 

despite the efforts of biographers and historians. The resultant 

images, re-shaped decade by decade, reflect not so much the people's 

view of the past as its ideal of the present and its hope for the 

future. 

Teachers, scholars and popular historians and biographers create 

and distort hero-images to fit an ideal. The popular mind of the 

nineteen-twenties saw two complementary figures among the founders of 

the nation: Washington and Franklin. Almost every aspect of the hero- 

images of Washington and Franklin during this period is complementary. 

In a democracy the people choose their heroes because they admire 

their actions and ideals, but the folklore of heroism is selective, and 

it carefully edits the hero-image to conform to the acceptable standards 

of the times. Success is necessary for a proper hero-image. So also is 

will-power, which is inner-directed. 
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The middle class, inner-directed throughout the nineteen-twenties, 

was particularly affected by Washington and Franklin because they 

exemplified these traits. 

WHITE ALABAMA'S LEGAL LABOR SOLUTION: 

THE BLACK CODE, 1865-1867 

John B. Myers 

Columbus College, Columbus, Georgia 

The political situation in Alabama during the spring and summer of 

1865 necessitated the re-establishment of civil government. The future 

of Alabama's 439,000 former slaves was vague. The freedmen's relation¬ 

ship to the law as well as their rights as free persons were undefined 

and their fate rested in the hands of white Alabamians. The state's 

progress toward a recognized constitution and civil government was 

initiated on June 21, 1865, when Lewis E. Parsons was appointed pro¬ 

visional governor by President Andrew Johnson, and thereby Alabama was 

incorporated as part of the plan of presidential restoration. 

It seemed clear most white Alabamians never intended to accept 

emancipation without the reservation that blacks would continue to be 

controlled by whites. Alabama whites assumed that Johnson's plan of 

restoration permitted them to reconstruct a government which would 

legally subjugate freedmen socially, economically, politically, as well 

as in a labor capacity. This attitude, combined with the opportunity 

to enact laws providing for black legal status, eventually prompted the 

legislation of Alabama's Black Code. The final code contained provisions 

for vagrancy, apprenticeship, enticing labor, and several other minor 

laws at the state and local level which did not overtly reveal racial 

discrimination. But the intent of the laws and the manner of implemen¬ 

tation exposed the Black Code as a highly discriminatory legal device 

designed to reduce freedmen as laborers to a condition of quasi¬ 

servitude. 

These legal measures and their implication revealed the need for 

some type of assistance to protect the rights of freedmen. In March, 

1867 Congress' passage of the First Reconstruction Act resulted in the 

abolishment of Alabama's restoration government, the imposition of 

martial law, and the nullification of Alabama's Black Code. Until the 

establishment of a new state government, the freedmen had to rely on 

federal agencies for legal protection, assistance and guidance. 

THE KU KLUX KLAN IN ALABAMA DURING RECONSTRUCTION 

Lachlan D. Powell 

Cullman, Alabama 

The origin of the Ku Klux Klan is found in the small town of 

Pulaski, Tennessee. From there, it spread throughout the lower South. 

Officially, the Ku Klux organization only lasted for about three years 

(until March, 1869 when it was ordered to disband by General Nathan 

Bedford Forrest - the Grand Wizard) but actually lasted much longer. 

There are two ways in which to view the Ku Klux Klan during the 

Reconstruction of Alabama. One is the traditionalist view (followed by 
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the paper) which sees the Klan in the light that it quelled many of the 

evil excesses of Reconstruction - it was able to solidify the South once 

more and protect the ideas and integrity of the Old South. The others - 

the revisionist view - see the Klan as a subversive organization which 

prevented the South from achieving many of the "benefits" that followed 

(or would have followed) Reconstruction. 

After the War for Southern Independence there was a period of about 

four months in which there was no type of government and no pretense at 

law and order in the state of Alabama. Therefore, some type of regula¬ 

tory agency was essential. This need was filled by returning ex-Confed- 

erate soldiers who began to organize into secret societies for the pur¬ 

pose of protecting their helpless land. 

Most of the native Alabamians rallied to the support of the Klan 

and similar organizations. The women, according to Susan L. Daris made 

the regalia and rope for the Klan. In fact, the Klan, during it's early 

years drew membership from the upper classes, even though there were a 

few politicians who abstained from any connection with the organization 

for reasons of political safety. Ryland Randolph, editor of the Tusca¬ 

loosa Independent Monitor (the official paper of the Klan) was not one 

of these. He was expelled from the State government for his strong and 

sometimes vulgar language against Radicals and Reconstruction and also 

for the part he played in the attacks upon Radical officials of the Uni¬ 

versity of Alabama in Tuscaloosa. 

Organizations such as the union or Legal Leagues were formed in the 

South as counterparts to the Klan and similar societies. These Radical 

organizations were composed of negroes with a sprinkling of white car¬ 

petbaggers and scalawags. 

The Klan at first used non violent means to "keep the negroe in his 

place." This was accomplished by the use of horrible disguises, allu¬ 

sions that Klan members were ghosts of Confederate dead, being able to 

drain a basketfull of water in a single swallow, appearing twelve feet 

tall, extending a skeleton hand for the process of shaking hands, riding 

silent with orders and directions given by means of a whistle, and so 

forth. 

Of course the Klan attracted heavy State and National laws and 

penalties. The state laws provided for the payment of a fixed amount 

for such Ku Klux outrages or whippings, hangings, murders, etc. unless 

the offenders were caught and brought to justice. The National laws 

were termed the "enforcement acts." It was after the passage of these 

"enforcement acts" that a decline was seen in the Ku Klux movement. The 

Klan had been losing most of its better elements since the order to 

disband in 1869, therefore allowing the worst elements of society to 

gain ascendancy of the Ku Klux organization. When this occurred the 

Klan activities were centered around the personal motives of the Klan 

members. But by 1873 most of Alabama had begun to renounce the Klan 

and forced it into retirement. Another factor for the end of the Klan 

was that Alabama had, by this time, become practically independent again. 

In conclusion, most writers (traditionalists) tend to view the 

Klan as an effective and necessary response to Reconstruction which 

saved the South from complete political chaos. It is this traditional¬ 

ists view that the paper follows, especially those views expounded by 

Fleming, Horn, Lester, and Wilson. 
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REQUIREMENTS FOR PARENTHOOD: 

A POSSIBLE FUTURE ALTERNATIVE 

James K. Semones 

Department of Sociology 

Jacksonville State University 

Jacksonville, Alabama 

Is parenthood in industrial society of such a nature that it need 

not require any of the intellectual, moral, emotional, or professional 

requirements that mark positions of responsibility in other institutions? 

Several authorities in the area of marriage and the family think not. 

There seem to be several paradoxes prevalent in Western society 

which lend support to the idea that a substantial proportion of people 

either do not want to become parents or are not qualified to become 

parents. First there is the paradox of professed ideals of equal rights 

and opportunity for all in the norms of Western society versus the 

cruelty and deprivation that many children face as members of that 

society. Then there is the paradox between abortion and compulsory 

pregnancy. Although the U.S. Supreme Court ruled in 1973 to uphold 

the right of the woman not to have to bear an unwanted child, it is still 

difficult for a woman to easily obtain an abortion in many parts of the 

country. There is the paradox of procreation for everyone versus the 

reality of too many people. Throughout the world today, there are still 

too many people having too many children. Finally, there is the para¬ 

dox between the requirements for adoptive parenthood and those for 

biological parenthood. Anyone can have their own child biologically 

without meeting any additional qualifications whatsoever. However, a 

couple that wants to adopt someone else's child has to meet very strin¬ 

gent criteria for consideration by most adoption agencies. 

ATTITUDES OF UNDERGRADUATE CRIMINOLOGY STUDENTS 

AT A SMALL SOUTHERN UNIVERSITY TOWARD SELECTED 

"DEVIANT" GROUPS: A STUDY IN SOCIAL DISTANCE 

Jack C. White, Jr. and Denise L. Wylie 

Jacksonville State University 

Jacksonville, Alabama 

Data regarding attitudes of intolerance toward thirteen selected 

"deviant" groups were gathered from Criminology students at Jacksonville 

State University during the spring semester, 1974. An instrument was 

constructed to allow the authors to compute the mean amount of intoler¬ 

ance felt by these students toward each group and to provide a ranking 

of the thirteen groups based upon these means. 

The resulting data were compared with a similar study conducted 

ten years earlier upon a representative sample of adults in the United 

States. Empirically grounded hypotheses for future research were sug¬ 

gested regarding the relationship between attitudes of intolerance of 

deviant behavior and the variables of college class standing, rural/ 

urban home residence, certain areas of undergraduate specialization 

(Sociology and Law Enforcement), and race. 
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MEDICAL SCIENCES 

IDENTIFICATION AND ANTIPEROXIDASE ACTIVITY 

OF PROPYLTHIOURACIL METABOLITES 

S. Bowen, J. Hill, K. Kelly, A. Vaughan, and R. H. Lindsay 

Pharmacology Research Unit 

V. A. Hospital and Pharmacology Department 

University of Alabama, Birmingham 

Metabolites of propylthiouracil (PTU) appearing in rat bile and 

urine were compared after administration of ‘x-PTU or 35S-PTU. Chroma¬ 

tography on Bio Gel P-2 columns resulted in the separation of several 

peaks of radioactivity. Each peak was subjected to further study. The 

results demonstrated that the most abundant component of urine was 

unaltered PTU and confirmed that PTU-glucuronide was a major urinary 

metabolite. These compounds accounted for 42.3 and 16%, respectively, 

of the total urinary radioactivity. Three metabolites heretofore unre¬ 

ported in rat urine, sulfate, propyluracil and S-methyl PTU were 

identified and comprised 7, 5.1 and 3.5%, respectively, of the total 

radioactivity. The major metabolite (22%) was not identified but ap¬ 

peared to be an S-conjugate of a PTU metabolite. Several radioactive 

PTU metabolites were also observed in 6 hr bile. The most abundant was 

PTU-glucuronide comprising 41.9% of the total with small amounts of 

unaltered PTU and of sulfate also being observed. Two other substances 

were glucuronides of unidentified PTU metabolites and 3 unidentified 

compounds appeared to be S-conjugates of PTU or A PTU metabolite. 

Assays of compounds identified or suggested as metabolites of PTU demon¬ 

strated that all were inactive or only weakly active as thyroid peroxi¬ 

dase inhibitors. PTU glucuronide was the most active metabolite with 

a potency slightly more than 10% of that of the parent compounds. 

Assays of PTU derivatives not implicated in metabolism demonstrated 

that 1-acetyl PTU and 5-hydroxy PTU were equally as potent as PTU. The 

variety of metabolites observed suggest that several pathways are in¬ 

volved in PTU metabolism in the rat and that biotransformation, which 

generally involves the S group, results in a substantial loss in anti¬ 

peroxidase activity. 

HORMONAL EFFECTS ON THE IN VITRO AMPHIBIAN 

GASTRIC MUCOSA 

Ellen B. Buckner and Richard L. Shoemaker 

Department of Physiology 

University of Alabama, Birmingham 

The objective of this work was to study the interrelationships of 

pentagastrin (PG), cholescystokinin (CCK) and secretin on acid secretion 

in the amphibian gastric mucosa under controlled in vitro conditions. 

Spontaneous secretion of Rana pipiens mucosa was inhibited by Mn"^ 

(10_2M) and after washing in Mn++ free solution the mucosa remained in 

a non-secreting state. The stomach could then be stimulated by PG to 

obtain a pure hormonal response. This technique was then used to study 
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the hormonal effects of PG, CCK and/or secretin from various sources. 

CCK, obtained from GIH Research Lab, Stockholm, (0.75 to 7.5 Ivy dog 

units/ml) produced effects similar to PG (3.3 X 10~6M), i.e., stimulated 

acid secretion, significantly reduced the transmembrane potential dif¬ 

ference (PD) and reduced the resistance. CCK stimulation was inhibited 

by Mn++ but not by atropine. Secretin results varied according to the 

source from which it was obtained. Secretin from GIH Research Lab at 

concentrations up to 7.5 clinical units/ml had no measurable effects on 

the mucosa. Secretin obtained from Boots Co. Ltd., Calbio, or synthetic 

secretin (obtained from Schwartz-Mann) were effective in inhibiting the 

spontaneous acid secretion or the acid rate stimulated by PG, CCK, or 

histamine and was effective in decreasing the PD and resistance. These 

effects of secretin were reversible by washing or by addition of DB-cAMP 

(10-2M). Thus CCK can be classed as a stimulator of secretion and may 

act perhaps thru histamine and possibly DB-cAMP to effect acid secretion. 

Secretin acts as an inhibitor of acid secretion beyond histamine but 

prior to cAMP in the secretory pathway. 

THE MENTALLY GIFTED STUDENT 

Emmett B. Carmichael 

Professor Emeritus of Biochemistry 

Medical Center 

University of Alabama, Birmingham 

It is time that the Congress of the United States of America makes 

definite plans for encouraging the mentally gifted student to reach the 

pinnacle of his ability. This will take special thought on the part of 

key individuals in both the Senate and the House of Representatives. 

I have proposed to President Richard M. Nixon that an Academy for 

the mentally gifted student be established. Such an Academy would re¬ 

quire Senate action for its establishment and appropriations to finance 

it. There are National Academies for the various branches of our Ser¬ 

vices: U.S. Military Academy, U.S. Naval Academy, Coast Guard Academy 

and the Air Force Academy. 

The mentally gifted students must be discovered or singled out. 

The gifted student is our country's insurance for continued security and 

prosperity. Local, state and federal planning is needed to single out 

the mentally gifted child while he or she is in elementary school and/or 

high school. A start along these lines has been made in four states: 

California, Connecticut, Georgia and Illinois. Their studies were sub¬ 

mitted in a report to the Congress of the U. S. Commissioner of Education 

in 1972 on the Education of the Gifted and Talented. Schools in other 

states have made some effort to single out the gifted students and put 

them in special classes. Each state should have a mechanism established 

to recommend students to a national committee for consideration. 

There are many ways or methods being used to help solve the prob¬ 

lem of locating the gifted student and especially the student interested 

in some branch of the sciences. They include the following methods: 

1. Scholarship as demonstrated either in grade school or high 

school 

2. The qualifying test conducted by the Nation Merit Scholar¬ 

ship Corporation 

3. Local Science Fairs 
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4. State wide Science Fairs 

5. National and International Science Fairs 

6. State wide science talent searches 

7. Junior Academies of Science 

8. Westinghouse Science Talent Search, conducted by Science Service 

The last six methods mentioned above have to do with selecting the 

gifted science student. Refined methods for discovering the mentally 

gifted student in all areas is needed. 

The need for scholarship and demonstrated excellence is great. If 

and when such students are discovered or selected, there should be a 

stimulating plan to guide their training and keep the learning process 

in an enthusiastic and stimulating atmosphere for them to obtain the 

best possible education. This should be the rule whether the child is 

fortunate enough to have been born into a family with sufficient means 

to provide the best instruction available in any field that the individ¬ 

ual desires to follow as his life's work or whether the child is born 

into a family with such a low income that he would have to drop out of 

school to be a bread winner for his family. 

The Academy or institute should be free to all students selected 

and naturally would be a boarding school as are the various service 

institutions. The regular staff of teachers should be composed of 

teachers with recognized ability to instruct and inspire their pupils. 

Since many of the mentally gifted students probably would be quite young, 

the Academy would have to conduct a standard school from the first grade 

through high school. 

After high school, a special type of College might be in order. 

Occasionally, some student might be assigned for a short time to some 

institute or university in order to study with a renowned scholar in a 

particular field. 

The following general areas or fields of study might serve as a 

rough guideline for a National Committee to approve or select the gifted 

to enter the program. 

1. Arts: 

(a) painter - landscape, portrait, still, etc. 

(b) Sculpturing including carving 

2. Biology: 

Botany, dentistry, medicine, zoology and anthropology 

3. Chemistry: All branches 

4. Engineering: All branches 

5. Life Sciences 

6. Linguist 

7. Oratory 

8. Mathematics 

9. Music: 

(a) Voice 

(b) All types of instruments 

(c) Composing and conducting 

10. Physics and electronics 

The operational procedures for the Academy would be to make very 

careful selection of each student from all of the U.S.A. and, at best, 

there might be only a dozen or even less in a special field of study. 

This proposal would avoid having gifted students lose interest in their 

studies because the average or below average student often consumes too 

much of the teachers energy and time. In such cases, the gifted student 

often finds other things to do while he is waiting for the below average 

276 



Abstracts 

to catch up with the class. The students with unusually keen minds 

should be kept busy with their specialty, because idleness could dull 

the spark that sets them apart from the others in a class and might lead 

to the use of marijuana or other drugs. 

One gifted student could be more helpful to humanity and our 

country than a hundred thousand or even a million of his dull associates. 

The gifted person has been the one who has made life easier and more 

pleasant for the masses. A review of the contributions of such Ameri¬ 

cans as Benjamin Franklin, Thomas A. Edison, Jonas E. Salk and Glenn 

T. Seaborg points this up. 

The staff or governing body of the Academy should not be political 

in nature and should have not more than two Senators and two Congress¬ 

men serving at one time. The majority of the governing body should be 

dedicated and proven leaders. They might be college presidents, college 

professors and leaders in the various arts. In order to be effective, 

the Secretary of Health, Education and Welfare should be an Ex-Officio 

Member of the Board. 

If U.S. citizens are expected to continue to earn Nobel Prizes and 

other high honors for their accomplishments, then the responsibility of 

preparing for proper guidance of the young mentally gifted students 

must be assumed by the Congress. 

In conclusion "the uncommon man" should be developed and we should 

discontinue stressing the production of the common man. (See Crawford 

H. Greenewalt. 1959. The Uncommon Man, McGraw-Hill Book Co., Inc., 

N.Y.) 

VITAMIN C—PREVENTIVE AGENT AGAINST 

RHEUMATOID ARTHRITIS 

Emmett B. Carmichael 

Professor Emeritus of Biochemistry 

Medical Center 

University of Alabama, Birmingham 

What I have to say may be slightly contradictory to the philosophy 

and teaching of many renowned scientists. William Harvey in his intro¬ 

duction to the first edition of De Motu Cordis, 1628, said: "Wise men 

must learn anatomy, not from the decrees of philosophers but from the 

fabric of nature herself." Hohn Hunter propounded the principles that 

truth can only be accomplished by research and accurate observation and 

that traditional teaching and empiricism should be treated with caution 

until it has been scientifically proved accurate. However, Hunter did 

say: "In the course of these lectures I shall differ very much from 

what is taught in books on the subject of surgery. The ideas I have to 

communicate are mostly my own. I have reason to suppose them true 

because they are founded on fact." 

It has been known since 1757 when Lind published his Treatise on 
Scurvy that the juice of lemons and limes would prevent or cure the con¬ 

dition. Later research has shown that Vitamin C is concerned funda¬ 

mentally with the formation of intercellular substances including colla¬ 

gen, cartilage, dentin, and nonepithelial cement substance including 

that of the vascular endothelium. When Vitamin C is not in proper 

amounts in the diet, we have ascorbic acid deficiency and scurvy results 
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which may be accompanied by such symptoms as sore and spongy gums, in¬ 

ternal hemmorrhage, subcutaneous hemmorrhage upon mild injury and 

painful joints. 

Linus Pauling reported that Vitamin C would prevent or cure the 

common cold. There have been many studies with Vitamin C since he 

made the proposal and it seems that a lower percent of colds develop 

following the use of the vitamin than in the controls. 

My decision to experiment with the administration of Vitamin C on 

myself was largely influenced by my observations of individuals that 

lived in my section of Northeast Missouri before I graduated from high 

school. I lived in a prosperous farming community and the farmers had 

gardens and orchards for their own use. Foods that were rich in Vita¬ 

min C were regular items on the menu: tomatoes, cabbage, onions, rad¬ 

ishes, turnip greens, white potatoes, sweet potatoes, and strawberries. 

The diets were such that they were quite healthy individuals. I have 

made two statistical surveys of the people in Shelby County, where I 

lived: 1964 and 1967. More than 66 percent of the individuals who 

died during those two years had lived beyond 70 years. I knew of only 

one person who seemed to be handicapped by rheumatism. I knew him 

when he was about 40 years of age and at that time he took a proprietary 

medicine, swamp root, which contained 25% alcohol. I do not know how 

crippled he became from the arthritis but I did receive a longhand 

letter from him after his 80th birthday. 

What I am reporting today concerns experiments which I have con¬ 

ducted myself. About 5 years ago I noted that the first joints of my 

two index (forefingers) were getting larger and that it was more diffi¬ 

cult to bend my fingers. About 2 years ago I noted that I could hardly 

bend the index finger at the first joint but did not notice any pain 

in the joints. I had been taking vitamins (one per day) for several 

years. I noticed that it was painful to bend my two fourth fingers 

(little fingers) and that the little finger on my left hand was more 

painful than the little finger of my right hand. At that time I began 

to take a Vitamin C pill (500 mg) per day in addition to the one a day 

vitamin pill. I have continued that regimen slightly more than 2 years. 

At the present time I can bend the little finger of my right hand 

without pain. There is a very slight pain when I use force to bend the 

little finger on my left hand. However, when I bend it by making a 

fist, I can hardly notice any pain. 

The knuckles (joints) of my middle fingers are probably larger than 

normal and I attribute the condition to a regular farm chore, that of 

milking. My three older brothers arranged the farm duties so that at 

an early age I began milking and continued the duty until I was 18 years 

old. However, the joints of my fourth fingers (little fingers) have not 

enlarged as far as I can tell. 

Since the administration of cortisone helps to reduce the pain in 

certain cases of arthritis, one might ask whether the extra amount of 

Vitamin C in the blood system affects the production of the steroids in 

the adrenal cortex. The hypophyseal adrenocorticotropic hormone regu¬ 

lates the secretary activity of the adrenal cortex. 

I propose that the blood stream carried the adrenal cortical 

steroids to my little fingers and thus reduced the pain due to arthritis. 
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COMPARATIVE OXYGEN CONSUMPTION AND ENZYMATIC ACTIVITIES IN 

RAT MITOCHONDRIA 

G. M. Emerson and W. J. Wingo 

Department of Biochemistry 

Medical Center 

University of Alabama, Birmingham 

As reported last year at this meeting, we are engaged in an evalu¬ 

ation of the functioning of mitochondria from different rat (Emerson 

strain, Long-Evans)organs as isolated individually and studied in¬ 

dividually. We have enlarged our studies to include determination of 

the activities of five enzymes considered to be integral to different 

aspects of energy transformations and oxygen utilization within 

mitochondria of cells. Cytochrome oxidase, the key enzyme of the 

respiratory chain catalyzing transfer of electrons to oxygen; succinate 
dehydrognease, an enzyme of the citrate cycle furnishing electrons to 

the respiratory chain; beta hydroxybutyrate dehydrogenase, an enzyme 

catalyzing oxidation of an important intermediate in fatty acid cata¬ 

bolism; glutamate dehydrogenase, catalyzing a key reaction indirectly 

involved in complete oxidation of all amino acids; and glutamate 
oxalacetate transaminase, an enzyme participating in many aspects of 

amino acid metabolism. No pooled mitochondria are used—all are iso¬ 

lated from a specific rat of known age and sex, the organ and rat 

identity being preserved throughout the experiment. To date we have 

made determinations on 17 rats: ten males and seven females. Because 

such a small number poorly represent the lifespan of the rat (365 days 

of rat life is equivalent to 33 years of human life), these results are 

preliminary observations and no statement concerning significance is 

justified or implied. Liver and brain comparisons will be presented 

indicating that oxygen uptake of females shows peak activity in the age 

range 461 to 550 days in both sources of mitochondria; male brain 

mitochondria had the highest uptake in the range 11 to 100 days of age; 

a second peak occurred at 371-460 days. Liver mitochondria from these 

males did not differ in maximum oxygen consumption from 11 to 460 days; 

oxygen consumption was only half that value in the 551 to 640 days of 

age group. (This investigation was aided by Faculty Research Grants 

of the University of Alabama in Birmingham) 

STUDIES OF THE ELECTRICAL AND PERMEABILITY CHARACTERISTICS 

OF THE FROG CORNEA WITH AN INTACT GLOBE PREPARATION 

Carl N. Graves, Richard L. Shoemaker, Sue S. Sanders, and Warren S. Rehm 

Department of Physiology and Biophysics 

University of Alabama, Birmingham 

In the in vitro frog cornea, it was found that a change in K+ and 

Cl- on aqueous side produced a change in potential difference (PD) 

which was not present after epithelium was scraped. Hence KT*- and Cl- 

rapidly diffuse from the aqueous to the epithelium. In the present 

experiments, we used an intact globe preparation to determine if the 

endothelium was leaky as in the in vitro cornea. We measured the PD 

via a small agar electrode (about 0.1 cm2) which made contact with the 
tear surface via a thin layer of Ringers. Aqueous PD electrode was 
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connected to outflow and current sending electrode to posterior portion 

of globe (a current sending electrode present in agar on tear side). 

Aqueous perfused with Ringers (25 mM HC03-, 95% 02 - 5% C02) or test 

solutions (K+ replaced Na+ or S04= replaced Cl-). PD with original 

aqueous same as with Ringers (ave. 38.1 SD ± 12.6 mv aqueous positive). 

Increasing K+ or decreasing Cl- decreased PD. PD vs log K+ - 39 mv/log 

and for Cl- - 17 mv/log. The half-time for the response for low to high 

K+ or Cl changes - 2 to 3 min. In a few experiments, it appeared that 

the first K+pulse had a longer half-time than subsequent ones. Resis¬ 

tance - 2000 ohms cm2; elevation of K+ (2.5 to 80 mM) caused reversible 

decrease in resistance. Scraping epithelium reduces PD and resistance 

to essentially zero. Conclude that K+ and Cl- rapidly diffuse across 

undamaged endothelium. (NIH and NSF support). 

AN APPROXIMATE LINEAR EQUATION FOR FIRST ORDER REACTIONS 

Alan Hisey and Paul M. Hummel 

University of Alabama, University 

Most enzymes follow first order kinetics, more or less. Unless 

the initial mass of the substrate is accurately known, the usual calcu¬ 

lation of initial velocity is uncertain. When reciprocal time is plot¬ 

ted against reciprocal product a line is obtained whose average devia¬ 

tion from linearity for the first half of the reaction is less than 

0.3%. Dr. Hummel has derived an approximate equation for this curve 

for the first half period, which is: 1/x = 1/a + 1/akt (approx.), where 

a is the initial mass of substrate, x the product, k the velocity con¬ 

stant, and t the time. The slope of the line, 1/ak, gives the initial 

velocity without knowledge of either a or k, because VG = ak. Inhibition, 

as well as change in enzyme concentration, affects the slope, thereby 

offering the possibility of a simple assay of both. The depression of 

the surface tension by fatty acids in aqueous solution follows the same 

rule, the slope being determined by the molecular weights of the fatty 

acids when In akRT is plotted against the molecular weights a straight 

line is obtained which passes through the origin and has a slope of 14, 

the molecular weight of CH2, the increment. 

POTENTIAL DIFFERENCE RESPONSE OF THE IN VITRO FROG SKIN 

TO SHORT-CIRCUITING 

F. M. Hoffman, S. S. Sanders, and W. S. Rehm 

Department of Physiology and Biophysics 

University of Alabama, Birmingham 

The abdominal skin (12.6 cm2) of Rana catesbeiana was studied in 

vitro using the Ussing-Zerahn short-circuiting technique in a four- 

electrode system. Chloride Ringers, gassed with 95% 0 - 5% CO , bathed 

both sides. After establishing a stable potential difference (PD), the 

skin (av PD 78 mv) was short-circuited (SC) for 7 min. momentarily break¬ 

ing (0.5 sec) the current to obtain open circuit PD's (OCPD). The first 

OCPD, obtained 2.5 sec after SC, was about 10 mv less than the control. 

Subsequent OCPD's increased, reaching a relatively stable level (av 26 

mv above the control) within 3 min. After terminating short-circuit 

current (Isc)> the PD peaked (av 39 mv above the control) within a 
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minute and then declined toward the control value. The resistance (R = 

APD/ISC) increased and leveled off in about 3 min, and Isc increased 15%. 

In S04= medium the PD prior to SC averaged 124 mv. TheOCOD first de¬ 

creased 14 mv and then recovered to the control level. The Isc increased 

65% and R decreased during SC. The PD peaked 24 mv above the control 

after SC. After 3 min of SC the OCPD, Isc, and R were about the same 

in Cl- or S04= medium. Tentative explanation: in Cl_medium SC increases 

resistance of Cl- limbs causing a marked increase in OCPD so that con¬ 

ditions then correspond to S04= conditions. The S04~ data would indi¬ 

cate that an increased load on the Na+ transport system increases its 

potency. 

EFFECTS OF ANTITHYROID DRUGS ON HUMAN LEUKOCYTE METABOLISM 

David Lam, Billie Sue Hulsey, and Raymond H. Lindsay 

Pharmacology Research Unit 

V.A. Hospital and Pharmacology Department 

University of Alabama, Birmingham 

Human leukocytes were isolated by sedimentation through a solution 

of methyl cellulose. The cells, consisting of 95% polymorphonuclear 

leukocytes, were incubated in Hank's solution and phagocytosis initiated 

by the addition of polystyrene beads (0.81 microns in diameter). The 

antithyroid drug propylthiouracil (PTU) was concentrated in phagocytic 

cells to levels over 4 times those in resting cells. Iodide uptake 

was also increased about 10 fold in the phagocytic cells and glucose 

oxidation increased 400%. PTU appeared to decrease the phagocytic 

uptake of polystyrene beads as quantitated by dioxane extraction. In 

accord with this inhibition of phagocytosis, iodide uptake was very 

sensitive to the addition of PTU with 0.017 hg/ml reducing uptake 60%. 

PTU also inhibited glucose oxidation in resting cells but increased 

oxidation in phagocytic cells at concentrations from 0.025 - 0.5 ymoles/ 

ml and inhibited oxidation at 2.5 ymoles. Neither PTU nor iodide up¬ 

take by phagocytic cells was inhibited by perchlorate. Low concentration 

of iodide had no effect on PTU uptake but higher concentrations were 

inhibitory. PTU uptake in both resting and phagocytic cells increased 

as the concentration of PTU increased, but the ratio of PTU in phagocytic/ 

resting cells was markedly decreased. The results obtained illustrate 

that uptake of both PTU and iodide by isolated human polymorphonuclear 

leukocytes differs in several respects from uptake of these substances 

by thyroid tissue. This suggests that the mechanisms for iodide and 

PTU uptake in the leukocytes differs from those in thyroid cells. 

Since PTU is concentrated in leukocytes and produces marked effects on 

the function and metabolism of these cells, some of the toxic effects 

produced during therapy with this drug may be related to a direct effect 

on leukocytes. 

IN VIVO EFFECTS OF COLCHICINE ON MALE MOUSE MEIOSIS 

Davor A. Luketic 

The Laboratory of Medical Genetics 

University of Alabama, Birmingham 

Beneficial effects of colchicine in the treatment of gout have been 

known for centuries, and its effect in arresting dividing cells in 
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metaphase of their mitotic cycle is well recognized. Colchicine's 

effects on testicular tissue include reduction in size, cellular necro¬ 

sis, an azoospermia. The general lack of knowledge of the effects of 

colchicine on meiosis prompted this study. 

Meiotic chromosomes can be viewed with a microscope by surgically 

removing the testes, mincing the tubules, and treating them in a hypo¬ 

tonic sodium citrate solution and a fixative mixture of acetic acid- 

ethanol, and by splashing this solution on a microscope slide and 

staining. 

Colchicine given in single or multiple doses to young male mice 

was found to have significant effect on the metaphase stages of spermato¬ 

genesis. Single injections with low (0.25 mg/kg) and high (1.5 mg/kg) 

doses, caused a doubling in the number of observed spermatogonial 

metaphase stages and meiotic metaphase I and metaphase II stages. The 

greatest number was found 24 hours after treatment, with the effects 

wearing off after that time. 

Multiple daily colchicine injections with low (0.25 mg/kg) doses 

over a two-week period, caused a six-fold increase in the number of 

observed spermatogonial metaphase stages, but a decrease in the number 

of meiotic metaphase I and metaphase II stages. This indicated that 

the rate of spermatogenesis had slowed down. 

THE USE OF Q-BANDING IN HUMAN CHROMOSOME IDENTIFICATION 

Hugh T. McPhee 

The Laboratory of Medical Genetics 

University of Alabama, Birmingham 

Quinacrine dihydrochloride reacts with specific regions of the 

human metaphase chromosome to form bands which are of significant value 

in identifying chromosomes for karyotyping. When viewed through a 

fluorescent microscope, preparations treated with quinacrine dihydro¬ 

chloride stain with bands of varying intensity across the chromatids. 

Except for slight variations, the normal banding pattern is consistent 

so that Q-banding can be used as an aid in the identification of 

individual chromosomes, and in the analysis of translocation chromosome 

figures. 

Selected patients referred to The Laboratory of Medical Genetics 

who were found to have unusual chromosomal abnormalities have been 

cytogenetically evaluated by quinacrine fluorescence. The results of 

these studies have identified various chromosomal rearrangements, 

trisomies, and deletions. Representative slides of Q-banded prepara¬ 

tions are shown to demonstrate the resolution of the fluorescent tech¬ 

nique in specific identification of chromosome aberrations. The 

efficacy of quinacrine staining and the increased information available 

to the geneticist in comparison to the conventional staining methods 

are discussed. 
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EFFECTS OF METHOTREXATE ON HUMAN METAPHASE CHROMOSOMES 

Paula C. Vinson 

The Laboratory of Medical Genetics 

University of Alabama, Birmingham 

Methotrexate (MTX), a folic acid antagonist, has been suspected 

of causing damage to human chromosomes. Several chromosome breakage 

studies have been done using leukocytes from patients on long term MTX 

therapy for psoriasis. These studies have given conflicting results, 

therefore, no definite conclusion has been reached as to whether MTX 

breaks chromosomes or not. 

The present study is an in vitro study using human leukocyte 

cultures. MTX was added to cultures in varying doses ranging from 

0.1 pg to 3.32 yg per culture. The drug was added at various times 

during the cell cycle. Metaphase chromosome spreads were scored for 

gaps, breaks, and rearrangements. The mitotic index (number of mitoses 

per 1000 cells) was also determined for each culture. 

It was found that MTX inhibited mitosis at each dosage used and 

at each time during the cell cycle the drug was added. Chromosome and 

chromatid breakage was significantly above control values when MTX was 

added at 12 and 24 hours after culture initiation and increased as the 

dose of MTX increased. Therefore, MTX appears to be most effective 

in producing chromosome damage when added prior to or during the DNA 

synthesis phase of the cell cycle. 

THE EFFECT OF ADENINE ARABINOSIDE ON HUMAN METAPHASE CHROMOSOMES 

Shirley A. Wilkerson 

The Laboratory of Medical Genetics 

University of Alabama, Birmingham 

The purine nucleoside 9-$-D arabinofuranosyladenine or Ara-A, a new 

antiviral agent developed by Parke-Davis Laboratories, has broad spectrum 

activity against DNA viruses both in vitro and in vivo. Because of the 

apparent lack of acute toxicity due to the drug, clinical evaluation of 

Ara-A has been undertaken. 

To study the possible effect of Ara-A on chromosome structure, a 

total of 77 blood samples have been drawn from six patients receiving 

the drug by intravenous drip for 12 hours per day for their viral in¬ 

fection. Samples taken as early as 5 minutes after drug initiation 

revealed an increased incidence of chromosome breakage over the pre¬ 

treatment rate. The peak incidence of approximately 25% breakage (25% 

of the cells examined had one or more breaks) compared to 3% pretreat¬ 

ment occurred within 18-24 hours after initiation of therapy with a 

gradual decline in the incidence of breakage throughout the subsequent 

course of treatment. Samples taken as late as 205 days after cessation 

of therapy still revealed 9-10% breakage. 

In vitro cultures in which different concentrations of drug were 

added to leukocyte cultures at 0,2,18,30 and 48 hours into a 72 hour 

culture, also revealed increased breakage, particularly when a dose 

of 10 mg/ml was added. 

283 



Journal of the Alabama Academy of Science 

ENGINEERING 

MECHANISMS OF HUMAN AUDITORY SPATIAL PERCEPTION 

AND THEIR IMPLICATIONS ON STEREOPHONIC RECORDINGS 

James Riley Boddie 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

It is well known that interaural phase, time and intensity dif¬ 

ferences and their modulations by head movements provide most of the 

necessary cues for human localization of sound sources. The role of 

the pinna (external ear) has only recently been seriously linked to the 

localization mechanism. Binaural recording experiments in which a 

subject listens through headphones to a two channel recording made with 

microphones in the ear canals of a dummy head with removable pinna 

have shown the importance of the pinna when head movement cues are 

missing. Without the pinna the recorded sound source is usually per¬ 

ceived inside the listener's head. It has been speculated that the 

spectral coloration of the sound field by the pinna is a critical extra 

cue for making binaural recordings produce the perception of an external 

sound source. 

Listening to ordinary stereo recordings through headphones pro¬ 

duces an unnatural spatial sensation because none of the proper locali¬ 

zation cues are provided. A stereo to binaural converter has been 

devised to create a more realistic sensation but its performance is far 

from true binaural quality. An analysis of the system has shown several 

psychoacoustic faults which could prevent externalization. 

A GEOMETRIC INTERPRETATION OF THE INSTABILITY 

OF ROTATION OF A SATELLITE ABOUT ITS 

AXIS OF MINIMUM MOMENT OF INERTIA 

John E. Cochran, Jr. 

Aerospace Engineering Department 

Auburn University, Auburn, Alabama 

A geometric interpretation of the instability of minimum-moment-of- 

inertia-axis rotation of a free system of bodies, within which kinetic 

energy of rotation is dissipated, is provided. The integral of rota¬ 

tional angular moment (magnitude) and the expression for the rotational 

kinetic energy of the system, which represent a constant radius sphere 

and a variable ellipsoid, respectively, in momentum space, are used to 

show that, in the quasi-rigid case, a shrinking energy ellipsoid, corres¬ 

ponding to energy dissipation, implies such instability. A specific 

example of a system consisting of a triaxial rigid body and a point-mass 

precession damper is also examined. For this system, the energy ellip¬ 

soid "oscillates" about the system's axis of maximum moment of inertia 

and "pulsates" slightly as the mean values of its semiaxes decrease. 
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TIME DOMAIN MODEL-REFERENCE ADAPTIVE 

CONTROL DESIGN AND IMPLEMENTATION 

B. K. Colburn, J. S. Boland, III and C. L. Phillips 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

A brief survey of adaptive control literature is reviewed and 

justification given for the utility of time-domain Lyapunov-designed 

model-reference adaptive systems (MRAS). By differentiating and 

linearizing the equation of difference between the model and plant 

state vectors, a characteristic equation of the adaptive controller 

error is obtained and placed in standard form for plotting root loci. 

Root locus techniques are used to design the adaptive controller and 

to determine the characteristics of the transient error response. 

Implementation of the design technique is illustrated by a Space 

Shuttle re-entry autopilot example. Simulation results are shown to 

support the theory developed in the paper. 

THE REDUCTION OF HEMATITE POWDERS BY HYDROGEN 

UNDER THE INFLUENCE OF MAGNETIC FIELDS 

Robert E. Cooper 

Blast Furnace Division 

United States Steel Corporation 

Fairfield, Alabama 

The reduction of iron oxides is of great interest to the metallur¬ 

gical engineer because it is the first step in the production of iron 

and steel. The most useful and abundant iron oxide is hematite, Fe203, 

which can readily be reduced by the gaseous reducing agent, hydrogen. 

The reduction process requires heat, and the time required for the 

reaction to occur is critical in economic terms because of the costs 

of heating fuels. For this reason many investigators have studied the 

reduction process in an attempt to ascertain the reduction rates of 

iron oxides. It has been shown that the rates are dependent upon 

reaction temperatures, pressures, reducing-agent flow rate, physical 

properties of the oxides, and other variables. This research intro¬ 

duced a new variable, a magnetic field, to alter the reduction rates 

of hematite. 

Reduction trials were conducted in a furnace specifically de¬ 

signed for this purpose; the furnace permitted temperatures, magnetic 

field intensities, and gaseous flow rates to be controlled. The initial 

step in the investigation was to demonstrate positively that magnetic 

fields would alter the reduction rates of iron oxide powders; the ap¬ 

proach was to reduce reagent grade hematite by hydrogen with and without 

the application of a constant a-c magnetic field. The temperature, 

hydrogen flow rate, and time required for the reaction were controlled 

at a constant and equal value in each test. Effects of magnetic fields 

on reduction of reagent grade iron oxide powders by hydrogen in 15- 

minute time intervals at three temperatures were as follows: 
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Temperature Magnetic Field Intensity Reduction 

300 degrees C. 0 14 % 

500 gauss 16 

350 0 36 

500 gauss 41 

400 0 80 

500 gauss 84 

From these tests, the effects of a constant magnetic field on 

reduction rates were obvious, and the need for varying the magnetic 

field intensities became apparent. This requirement was met and the 

effects of varying magnetic fields on the reduction of reagent grade 

iron oxide powders by hydrogen at 350 degrees in 15 minutes are shown 

below: 

Temperature Magnetic Field Intensity Reduction 

350 degrees C. 0 
300 gauss 

500 gauss 

36 % 

39 

41 

From these studies the increase in reduction rates with increasing 

magnetic fields became apparent. To fully analyze this phenomenon, 

a theory proposed by C. T. Peters in Great Britain in 1972 was con¬ 

sidered. This theory predicts that a magnetic field will exert a strong 

influence on a reaction in which the parent and product species differ 

widely in their magnetic properties. In this research, the reacting 

hematite is ferri-magnetic and the product, iron, is, of course, 

strongly ferro-magnetic. In a magnetic field, the ferro-magnetic phase 

will be favored, and two possible effects will be caused by the action: 

(1) a lower transformation start temperature and (2) an accelerated 

reaction rate at a given temperature. Both of these effects were ob¬ 

served in this research. 

This simplified theory outlined above is complicated by the fact 

that the reduction of hematite to iron occurs through an intermediate 

reaction, 

hematite (FE203) to magnetite (Fe304) to iron (Fe). 

However, the reaction of hematite to magnetite will also be favored in 

a magnetic field since the magnetite has stronger magnetic properties 

than the hamatite. 

Hence, the ability to increase the reduction rates of an iron 

oxide by the application of a magnetic field has been demonstrated and 

explained by this research. 

A HIGH RATE SEEDING DEVICE FOR AERIAL SEEDING IN ROWS 

Malcolm A. Cutchins 

Aerospace Engineering Department 

Auburn University, Auburn, Alabama 

Recognizing that current forest regeneration methods are not ade¬ 

quate for achieving southern timber production requirements in the near 
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future, aerial seeding in rows offers real promise in facilitating 

mechanized harvesting. Seeding rates for such high speed regeneration 

are significantly higher than that provided by any previous method or 

device. With support of the U.S. Forest Service, a seeding device 

(patent pending) which can dispense nearly 9000 seeds per minute in 

rows has been designed and operationally tested. Seeds, after de- 

winging, are pelletized in a water soluble clay coating to form a 

nearly spherical shape. These collectively form a seed supply which 

is contained over an inverted cone supported just above a rotating 

metering plate. The plate is of near-seed-diameter thickness with 

numerous near-seed-diameter holes located circumferentially near the 

outer edge of the plate. The plate rotates just above a fixed plate 

which has several suction nozzles attached to it. These are oriented 

to "shoot" the seeds toward the desired row impact areas. Then the 

nozzle sucks the seeds (one at a time) out of the metering plate holes 

using the suction formed by low pressure air which "escapes" from a 

pressurized chamber in the nozzle through a narrow annular gap into the 

tubular opening through the nozzle. The metering plate holes then are 

refilled from the seed supply above and the process continues. Seed 

rate is controlled by the plate rotation speed. Velocities of the 

seeds can be controlled by the air pressure. Recent three-row tests 

were successful in seeding a 100-acre test site from a helicopter at 

a 40-mph airspeed with viable seeds and three nozzles. 

THE DETECTION OF BURNING COAL SPOIL EMBANKMENTS 

BY THERMOGRAPHIC TECHNIQUES 

Darry A. Ferguson 

Department of Civil and Mineral Engineering 

University of Alabama, University 

The occurrence of fires or "hot spots" in coal spoil embankments 

has been recognized as a hazard and an environmental problem for many 

years. Coal spoil, the waste product from coal mining, is composed of 

carbonaceous shale, washer rejected coal, and various other by-products 

of mining, usually yielding a product with a heating value of 5000- 

6000 BTU per pound. When stored in large quantities, the spoil has a 

tendency to heat spontaneously, and with the proper amounts of air, 

compaction, heat retention and time, these conditions may support 

combustion. 

Recent environmental studies and a recognition of the wasted heat 

energy prompted several studies on the detection of these fires in 

order to extinguish them while in the early stages. Due to the large 

number of coal spoil embankments in coal mining regions, a remote- 

sensed thermographic, aerial system was determined to be the optimal 

data gathering technique. 

Application of this aerial system verified by ground observation 

has proven an effective means to detect and monitor surface heat 

anomalies presently in coal spoil embankments. 
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OFFSHORE ALABAMA AND MISSISSIPPI: 

FUTURE TITANIUM SOURCE? 

Charles D. Haynes 

Department of Civil and Mineral Engineering 

University of Alabama, University 

The occurrence of heavy minerals in the northeastern Gulf of 

Mexico coastal regions has been known for many years. These mineral 

deposits are the result of natural concentration processes, such as 

fluvial or littoral, which segregate and accumulate minerals of den¬ 

sities greater than quartz (2.65). The most common heavy minerals of 

economic value are rutile (Ti02), ilmenite (FeTi03), zircon (ZrSi04), 

monazite ((Ce, La, Y, Th)P04), kyanite (Ai,2S105), and sillimanite 

(AJ?2Si05). These minerals represent vast sources of titanium, zircon¬ 

ium, thorium, cerium, and other rare earths and refractories. 

Recent data indicate that the United States is a net importer of 

rutile and monazite, which are minerals yielding titanium and thorium, 

respectively. A projected need for 1.1-1.26 million short tons of 

titanium are forecast for the year 2000, as opposed to a present demand 

of about 500,000 short tons per year. Kyanite is becoming a "most 

wanted" mineral, also. 

Exploration data compiled by numerous investigators reveal that 

heavy minerals concentrations as high as 20 percent exist on and around 

the barrier island system from Dauphin Island westward to Ship Island. 

If sizable reserves containing around 5 percent heavy minerals could be 

discovered in this area, then a mining industry could be developed. 

Relatively new mining techniques have been perfected which could be 

used to recover these minerals with a minimum of environmental damage. 

Processes utilizing gravity, electrostatic, and magnetic separation 

techniques could be used to refine the heavy minerals to acceptable 

levels. 

COVARIANCE ANALYSIS FOR A LARGE-SCALE DYNAMICAL SYSTEM 

Harold L. Pastrick 

Development and Engineering Laboratory 

US Army Missile Command 

Redstone Arsenal, Alabama 

Noise disturbances are inherent in all large-scale dynamical sys¬ 

tems, typically appearing as a portion of the input signal, measurements 

and/or variations in system parameters. Analysis of noise disturbance 

effects on the system has traditionally centered on the use of Monte 
Carlo techniques wherein large numbers of computer simulation runs are 

ensemble-averaged to obtain statistical performance results. A more 

modern approach computes the effects of noise by solving the covariance 

matrix Rioaati equation which is defined in terms of the system states 

and input noise statistics. When the technique is applied to mildly non 

linear systems of high order, the solution of the Riocati equation be¬ 

comes time consuming. Methods of designing an algorithm to circumvent 

this class of problems are presented and tradeoffs among alternative 

solutions are discussed. 
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DETECTION OF COMPUTER CRIME THROUGH THE 

USE OF TRACE PROGRAMS 

Retha Prophett and T. F. Higginbotham 

Department of Industrial Engineering 

Auburn University, Auburn, Alabama 

The use of both built-in and external trace systems were discussed 

in connection with the prevention and detection of computer-related 

criminal activities in banking computer centers. A practical approach 

to the problem was taken; that is, the use of such features as READY 

TRACE in IBM ANSI COBOL for built-in audit trails and the development 

of external trace programs for systems with no automatic audit trails 

were recommended. 

In addition, the use of sampling techniques in combination with 

trace programs was recommended as a method of providing an audit trail 

in real-time systems. 

AN INTEGRAL EQUATION SOLUTION FOR INHOMOGENEOUS 

ELECTROSTATIC PROBLEMS 

C. E. Smith 

Electrical Engineering Department 

University of Mississippi, Oxford 

The purpose of this paper is to present a coupled integral formu¬ 

lation for inhomogeneous electrostatic problems in terms of a free-space 

Green's function which leads to a straightforward numerical solution by 

the method of moments. The major advantage of this approach is that the 

formulation of the problem is quite simple because it can be expressed 

in terms of the free-space Green's functions, and, of equal importance, 

the approach is not limited to specific geometries, and arbitrary shaped, 

inhomogeneous problems can be analyzed with this boundary-value problem 

approach. 

This Green's function approach coupled with modern numerical analy¬ 

sis techniques has resulted in useful and quite flexible solutions for 

such type structures. To illustrate this integral equation solution, a 

two-dimensional boundary-value problem is considered which consists of 

two regions. Region RI consists of a region of homogeneous, isotropic 

dielectric material of permittivity, e , bounded by the contour c where 

c = c' + c". Region RII consists of a homogeneous, isotropic region of 

permittivity, e2, bounded by the contours c and ct including a surface 

charge source ps on contour cQ. In this case, the potential everywhere 

on cQ and c1 is assumed to be known and constant, i.e. <{>0 and <}> , re¬ 

spectively; however, neither <p nor 9j>/9n is known on c. 

In the region RI, an integral equation defined on the bounding 

contour can be formulated from Green's Theorem using a free-space Green's 

function which is a function of the potential and normal derivation of 

the potential. A related equation for Region RII can also be derived 

that is identical to that of Region I except the source ps is included 

which is simply an integral equation for Poisson's equation. 

In the class of problems solved here, it is assumed that the po¬ 

tential is known on all contours except on c and that the normal component 

of displacement must be continuous on c. If these boundary conditions 
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are enforced between these two formulations on the appropriate contours 

c' and c", then the problem can be readily solved from the limiting case 

of these integrals through the use of potential theory. In effect, the 

two formulations are employed in a manner such that the potential on 

the contour c is eliminated from the integral equation formulations, 

and the normal derivative of the potential is expressed in terms of an 

equivalent surface charge density on the contour c. Thus, the two 

dielectric problems can be represented in terms of a source, ps, and a 

surface charge density residing on the interface in a homogeneous medium 

e2 such that the potential everywhere is 

$ (x,y) 

f 

p G ds + — 
S 0 

C 

oG ds 
o (i) 

where £ = £ . 
2 0 

If the assumed mathematical model consisting of the homogeneous 

region with sources pg and a is to completely represent the two dielec¬ 

tric problems, the normal component of displacement, D, must be con¬ 

tinuous on c. Hence, another integral equation in terms of the equiva¬ 

lent surface charge density can be obtained from this continuity re¬ 

quirement from the derivatives of (1) in the appropriate region as 

0 = (ke-1) 
y 
Co 

9G 

p - ds + (ke+1) -77 + (ke-1) 
son 2 

c 

(2) 

where the limiting case, (x,y)->-c, is assumed and ke=£1/£(). 

Equation (1) and (2) have been used to solve the quasistatic TEM 

microstrip transmission lines using the method of moments. Results of 

this study for this coupled integral equations solution are extremely 

close to the computed results from variational, conformal mapping, and 

other Green's function approaches. 

UTILIZATION OF THE WIND AS A POWER SOURCE 

Robert A. Risi and John E. Cochran, Jr. 

Aerospace Engineering Department 

Auburn University, Auburn, Alabama 

Some aspects of utilization of the wind as a source of power are 

discussed, with emphasis on electrical power generation. The basic 

topics of the amount of power in the wind and the maximum amount of 

this available power which can be extracted with an "ideal" device are 

reviewed. Several types of machines which have been devised for the 

purpose of extracting power from the wind are described. The "best" 

of these non-ideal machines, for most purposes and especially for elec¬ 

trical power generation, is the propeller-type. Some comments on the 

design of propeller-type devices are made and possible means of in¬ 

creasing the amount of power which may actually be extracted from the 

wind are suggested. 
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A HEURISTIC COURSE SCHEDULING ALGORITHM 

BASED ON STUDENT ORIGINATED REQUESTS 

Christine Woodruff, Bruce Herring, and J. N. Hool 

Industrial Engineering Department 

Auburn University, Auburn, Alabama 

An interactive computer-based system of scheduling academic courses 

is discussed. The method uses student request data as basic input. It 

generates an initial schedule of courses which is examined by the 

scheduler for possible adjustments in order to minimize student course 

conflicts. Successive schedules are generated until an acceptable 

schedule is found. 

ON THE DESIGN OF A NON-POLLUTING PASSENGER VEHICLE 

Stephen E. Meyer, Lynn D. Russell, and Donald W. Sutherlin 

University of Tennessee, Chattanooga 

Environmentalists have expressed a rising concern over pollution 

problems in recent years, especially air pollution. The automobile is 

a significant contributor to this problem and,with the constant danger 

of gasoline shortages, technology has directed its efforts toward a 

less polluting mode of transportation. One feasible answer appears to 

be the electric vehicle. Not only will this type of vehicle provide 

cleaner air, but with the fuel shortage continuing to become more 

severe, the electric vehicle may make significant inroads on the 

internal combustion powered vehicle. Some automobile manufacturers, 

universities, and private concerns have spent much time and money in 

constructing electric vehicles. One major problem has been the power 

source of the vehicle. Different types of power plants have been used 

such as the fuel cell, lead-acid and silver-zinc batteries. 

The purpose of this paper is to present the results of a study 

made by members of the Senior Engineering Class at The University of 

Tennessee at Chattanooga. Various aspects of the problem are discussed 

such as the power source, the controls associated with the power source, 

the overall vehicle structure, and items that are covered by government 

standards such as the braking system and vehicle lighting. Design 

criteria are established, and a detailed analysis of various subsystems 

made in order to achieve these goals with minimum cost. The predicted 

system performance is compared to the design criteria. 

ANTHROPOLOGY 

RECENT EVIDENCES OF PRE-COLUMBIAN TRANSOCEANIC 

MIGRATIONS TO THE NEW WORLD 

Charles H. Ainsworth 

University of Montevallo, Montevallo, Alabama 

In 1961 evidence was presented by Emilio Estrada and Betty J. 

Meggars to the effect that artifacts found on the coast of Ecuador came 

from India and Japan. With this principal exception, the Bering Strait 

291 



Journal of the Alabama Academy of Science 

theory as an explanation for the inhabitation of the Ancient Americas 

has dominated the minds of the majority of professional archaeologists 

and anthropologists since the year 1900. 

Sine 1971, however, several publications have been released which 

present some interesting and provocative evidence in defense of dif- 

fusionist transoceanic contacts from the Old World to the New. As a 

result of a symposium held at Santa Fe, New Mexico, by the Society for 

American Archaeology, 24 pages were published in Man Across the Sea: 
Problems of Pre-Columbian Contacts, University of Texas Press, Austin, 

1971. The book as a whole tends to favor the idea that diffusion did 

take place. Dr. John L. Sarenson's paper is especially relevant in 

that it contains a well documented account of traits and trait com¬ 

plexes shared by Mesoamerica and the Ancient Near East. 

According to the book. The Quest for America, Praeger, New York, 

1971, the time has come to speak of diffusion without the ism. It 

reviews recent discoveries and studies and then asks where, when, how 

and how much diffusion. 

The Ra Expeditions, Doubleday, New York, 1971, spells out the 

account of the Atlantic Ocean crossing in a papyrus boat by Thor 

Heyerdahl "which shows that such a venture is and was possible." 

The Art of Terracotta Pottery in Pre-Columbian Central and South 
America by Dr. Alexander von Wuthenau, Crown Publishers, New York, 1970, 

shows that of nearly 350 illustrations, 39 are identified as "Semitic"— 

one in eight. 

Dr. Cyrus H. Gordon, chairman of the Department of Mediterranean 

Studies at Brandeis is a "Semiticist turned Americanist." His findings 

and support for Pre-Columbian contacts will probably prove to be the 

most influential thus far in this century. The book which contains the 

bulk of his work in this regard is. Before Columbus: Links Between the 
Old World and Ancient America, Crown Publishers, New York, 1971. 

Dr. Gordon's most important contribution involves Ancient Medi- 

terranean-like inscriptions found in the New World. The Metcalf stone 

was discovered near Columbus, Georgia, in 1966 and according to Dr. 

Gordon has affinities with the Aegean syllabary of the latter half of 

the second millennium B.C. represented by the Linear A and Linear B 

scripts of Crete. 

The Bat Creek inscription was found in Tennessee during a scientific 

excavation by Cyrus Thomas in 1885 but was ignored at the time. Under 

recent re-examination by Dr. Gordon, the script has been established as 

Canaanite and can be read LYHWD, "for Judea." 

The Paraiba text of Brazil was also studied by Dr. Gordon, who 

overturning a nineteenth-century philological verdict, concludes that 

it is a valid record left by Phoenician mariners landing in 531 B.C. 

ATTITUDES OF MONTEVALLO UNIVERSITY STUDENTS 

TOWARD AMERICAN INDIANS 

Charles H. Ainsworth and Peter C. Pardue 

University of Montevallo, Montevallo, Alabama 

University of Montevallo students were surveyed in 1973 with regard 

to their attitudes toward American Indians. The dependent variables 

embedded in the questionnaire were designed to tap student opinion toward 
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Indians in terms of prejudicial and discriminatory behavior. The inde¬ 

pendent variables utilized were religious affiliation and social class 

position. 

Findings indicated that student members of Methodist and Baptist 

denominations displayed the least amount of prejudice toward Indians 

while Roman Catholic, Presbyterian and students with no religious 

preference manifested the greatest amount. 

Students from upper middle class backgrounds were most likely to 

reject the views that Indians have less intelligence than Whites and 

that they tend to become alcoholics easily, whereas working class 

students were the most apt to accept them. The lower middle class 

were most prone to change residence if Indians moved into their neighbor¬ 

hood and they were also least likely to marry a full-blooded Indian. 

The working class on the other hand were the most favorable in their 

disposition to the Indian with respect to these two criteria. 

AN APPLICATION OF COMPUTER SIMULATION TO THE 

STUDY OF ACCULTURATION 

Richard D. Austin 

Jacksonville State University 

Jacksonville, Alabama 

and 

Ken M. Loo 

Washington University 

Saint Louis, Missouri 

Computer simulation has found application in sciences where the 

real world is unavailable for experimentation due to time limits, cost 

or ethical considerations. Anthropological research shares the problem 

of ethical considerations forbidding arbitrary experimentation on human 

populations with the other social sciences. 

The authors proposed that computer simulation be used for the 

testing of theories developed from real-world observation and developed 

an elementary model of acculturation both to demonstrate the technique 

and serve as a starting point for later, more advanced models. It is 

thought that such a model could find application in planning culture 

change. 

The model uses a behavioristic analysis of acculturation and allows 

chaining as well as several types of reinforcement schedules. 

MOBILE SALVAGE'73 

Bruce D. Bizzoco 

Department of Anthropology 

University of Alabama, University 

In the summer of 1973, the University of Alabama in conjunction with 

the Alabama State Highway Department conducted a program of salvage 

archaeology located at the present end of Inter-State Ten, on the eastern 

side of Mobile Bay. The director of the project was David L. DeJarnette 

and the field crew was under the supervision of Jerry Nielsen. 

293 



Journal of the Alabama Academy of Sciences 

Two sites were investigated; only lB-a-196 yielded sufficient data 

for discussion, which will add considerable information to our knowledge 

of the present area. At lB-a-196, two major cultural levels were dis¬ 

tinguished. The upper most level is post Fort Walton, possibly the 

coastal equivalent to the Alabama River Phase. The lower level appears 

as a pure Fort Walton habitation zone. 

A historic bowl and a plate tentatively identified as post Fort 

Walton period were two of the major artifacts; also present at the site 

was a large deposit of marine remains and a cooking hearth. 

Due to the possible capsuling of the site, further investigation 

is planned to shed more light on the Fort Walton period. 

EGYPTIAN COPTS IN NATIONAL AND WORLD CONTEXT: 

A COPTIC VIEW 

Nancy J. Brock 

Anthropologists and culture historians point out that Pharonic 

Egypt was quite isolated. Graeco-Roman conquest consisted of firm 

occupation and considerable cultural impact on the Mediterranean lit¬ 

toral. Deeper in Egypt the pre-existing culture persisted—changing 

slowly and even modifying the culture of the conquerors in some degree. 

As early Christianity took form in the cities of the Nile Delta, 

it was a Judeo-Greek-Egyptian religion—with more emphasis on the last 

ingredient than occurred elsewhere. When Christianity became well 

established in Egypt, it could be called Egyptian Christianity and, 

later, the Coptic Church. Enough Pharonic elements had seeped into the 

beliefs and practices of the cult to give its adherents a sense of 

continuity. 

What exactly is a Copt? Two major definitions are offered. Ac¬ 

cording to the official census of the Egyptian government, a Copt is one 

of the two million Christians belonging to the Coptic Church. A 

literate and concerned Copt would change both the meaning and the 

statistics. He would say that a Copt is one of four million descendants 

of the pharonic Egyptians who adhere to the form of Christianity estab¬ 

lished by St. Mark. 

The current situation, where Egyptian Muslim nationalists may 

choose to insist that being a Muslim is a condition for being a full 

Egyptian and where Copts would then really become second-class citizens 

in what they feel is their own homeland, poses a painful problem for 

Copts. Many of the educated urban young are emigrating. Still others 

probably have no choice; they stay, perhaps hoping that Muslim national¬ 

ism will subside enough to admit Coptic Christians as fellow citizens of 

Egypt some day. 
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AN ANALYSIS OF A LITHIC WORKSHOP 

Bascom McDonald Brooms 

Office of Archaeological Research 

University of Alabama, University 

A lithic workshop can tell us a great deal about the techniques 

applied in flaking prehistoric stone artifacts. Such a workshop was 

located in the Little Bear Creek Watershed on a Late Woodland site. 

The workshop contained over 40,000 flakes of which over eighty per¬ 

cent were the result of pressure flaking. The remaining flakes were 

produced by indirect percussion. By far, the most predominant lithic 

artifacts found in the same strata were small triangular projectile 

points which are also the result of pressure flaking. Many of these 

points were left unfinished in various stages of manufacture. From 

these unfinished and finished points and the various types of flakes 

from the workshop, we can reconstruct the techniques of manufacture. 

Unmodified lithic flakes were brought into the workshop. These 

were retouched along the edges with pressure tools. This produced 

short, deep flake scars that gave desired ridges along the edge for 

further flaking. Through pressure flaking, the flakes were shaped into 

a rough outline of the preconceived form. Fractures where previous 

flakes terminated were used to place the punch or pressure tool. The 

potential point will show many random primary flake scars that will 

erase any cortex or flat surfaces. The edges of the preforms were 

ground to give them strength. Ridges left from previous flaking were 

used to guide flakes along the edge into the midsection to thin it. 

Finally, the base was shaped with broad, shallow pressure flakes and 

the distal end was finished by very fine secondary pressure flaking. 

HOMOSEXUALITY IN A RURAL COMMUNITY 

Johnnie Brown 

Department of Sociology 

Jacksonville State University 

Jacksonville, Alabama 

Homosexuals of a southern rural community were interviewed to 

determine attitudes and practices held by the subjects. These attitudes 

were compared to attitudes held by homosexuals of other, more urban 

areas. 

Areas of strong similarity were found to be the existance of an 

incest taboo among friendship cliques: identification with a female 

figure such as the mother and strong angry feelings toward a male 

figure such as the father were cited as causal factors leading to homo¬ 

sexuality. 

Areas where members of this study differed from most statistics 

researched were that all but one subject had finished, had attended or 

were attending college. Contrary to most other studies, all subjects 

intended to engage in a heterosexual marriage eventually. Only one 

member had had any experience with hustlers. All members felt a "gay 

liberation" movement would be detrimental to homosexuals of this area. 
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ANALYSIS OF ARCHAEOBOTANICAL MATERIAL FROM 

THE BEAR CREEK WATERSHED, NORTHWEST ALABAMA 

Gloria M. Caddell 

University of Alabama, University 

Carbonized botanical material was recovered from numerous pits 

ranging in age from the Archaic to the Mississippian periods. The 

abundance of hickory nutshells in most of these storage pits implies 

that hickory nuts were of considerable importance in the diet of the 

Archaic, Woodland, and Mississippian inhabitants of the Watershed. 

Acorns and persimmon seeds appeared in pits dating from Woodland times 

but based on the quantity recovered they seem to be less important in 

the diet than hickory nuts. A Mississippian pit yielded grape seeds 

and corn in addition to hickory nuts and acorns. 

Multiple uses of hickory nuts, acorns, and persimmons by the 

Southeastern Indians are known from ethnographic literature from contact 

times. Artifacts found in association with these botanical remains 

seem to indicate that they were utilized in similar ways by the earlier 

inhabitants of the area. 

EVIDENCE OF WOODLAND CEREMONIALISM AT HUNTER STATION 

David W. Chase 

Auburn University, Auburn, Alabama 

Hunter Station is a productive Woodland shellfish gathering station 

of the Hope Hull Phase located on the south bank of the Alabama River 

north of Montgomery. 

Reconnaissance in the early spring of 1973 uncovered four large 

shell dumps associated with the Woodland component. Tests revealed a 

deeper campsite of Early Archaic provenience as well. 

Project excavation of the site began later in the spring, which 

work revealed evidence of a long period of Woodland occupation. A major 

find consisted of a mass burial of six adults, all extended. All but 

one had been decapitated and the skulls were not recovered. The one 

complete skeleton was that of a senile female. Three of the bodies had 

apparently been thrown into the pit face down. The only burial furniture 

recovered was a conch shell dipper and ocean shell beads about the wrist 

of the female. Other objects in the grave pit were several hundred 

potsherds of both Adams Plain and Montgomery Red Filmed. Several Sand 

Mountain projectile points were also found among the bones. 

A second find, also of a ceremonial connotation, was that of a 

cache pit containing 27 objects. These included: "worked" as well as 

worn hematite and silica concretions in forms of cups and shallow trays, 

two perforated silica disks, three pottery trays featuring tetrapodal 

feet, a stone sphere, and an unusual animal effigy pipe. The ceremonial 

implications of such an assemblage was most evident although its full 

meaning may never be known. The tetrapodal trays, ultimately vessel 

bases, had been smoothed along the edges to create new rims. 

In levels as deep as three feet in certain parts of the site and 

separated from the Woodland evidence by a thick blanket of almost sterile 

alluvial sand, was extensive evidence of an Early Archaic campsite. A 
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great number of scrapers (small end, side, and larger pebble bias-frac¬ 

tured type), drills and very small flake tools were found in close 

association with 23 Big Sandys, 3 Kirk Corner Notched, 3 Daltons and 

2 Decaturs, Considering all of these to be of one cultural provenience, 

it was surprising to note the presence of milling stones and metate 

type grinding stones. The latter have been regarded as later Archaic 

artifacts. 

This remarkable site has contributed much to our knowledge of 

both the Woodland the the Early Archaic life ways in Central Alabama. 

HINDU CULTURAL EXPRESSION IN SCULPTURE, 

AN ANALYSIS OF ELEMENTS OF CONTINUITY AND CHANGE 

Jane M. Christian 

Department of Anthropology 

University of Alabama, Birmingham 

There is much we can learn of trends, themes, and cognitive-expres¬ 

sive elements and pathways within a long-lived complex culture by study¬ 

ing its art forms and how they both continue and vary through time. 

These form a nonverbal channel of communication, and often are central 

to definition and expression of the cognitive and affective world view. 

They consist of meaningful codification, systematization, and presenta¬ 

tion of that view. Using linguistic techniques we can isolate and 

delineate elements of form, their systematic organization, and their 

expressed or inferred meanings. For old forms in a literate society 

such as India's, we may have contemporaneous culturally relevant written 

explications; current description and explanation of currently appre¬ 

ciated work can be elicited from living members. The problem arises 

of contemporaneous, later, or current confusion or obfuscation, or of 

cognitive diversity in the same population. Also there are cultural 

nuclei or foci, increasingly peripheral areas, and frontier and merging 

zones in terms of culture and style as seen in process or time-space 

perspective. But we can discover basic continuities meshed in the flux 

of change. These are patterns of concrete or abstract items, or larger 

relationships of such items and patterns, and trends of patterns 

through time in partially repetitive cyclic or spiralling processes, or 

in straight line themes through time. By means of the techniques of 

distinctive feature analysis, and synthesis. South Asian Hindu religious 

sculpture over five millenia is shown to exemplify these patterns and 

processes. 

ACADEMIC ACHIEVEMENT, IQ, LEVEL OF OCCUPATIONAL PLANS, AND ETHNIC 

STEREOTYPES FOR ANGLOS AND NAVAHOS IN A MULTI-ETHNIC HIGH SCHOOL 

Avery G. Church 

Department of Sociology and Anthropology 

University of South Alabama, Mobile 

The subjects were Anglo and Navaho males in the senior class in 

the spring of 1968 at Gallup High School, Gallup, New Mexico. Major 

variables and measures of them are discussed below. Academic achieve¬ 

ment was measured by grade point average and the California Achievement 
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Test, IQ by the California Test of Mental Maturity, level of occupational 

plans by a questionnaire item and the Warner, Meeker, Eells's Revised 

Scale For Rating Occupation, and the ethnic stereotypes by the semantic 

differential technique using the concepts of "the average Indian" and 

"the average white man," fifteen adjective pairs with seven places on 

each scale, and two indices for assessing evaluation and dynamism based 

on factor loadings. 

Most of the research findings were in the expected direction. The 

Anglos scored significantly higher than the Navahos in academic achieve¬ 

ment, IQ, and level of occupational plans and these variables were 

positively interrelated within each ethnic group. The appraisal of 

the average Indian was significantly higher for the Navahos than for 

the Anglos and the Anglos rated the average white man about the same as 

the Navahos on adjective pairs reflecting the evaluative factor but 

significantly higher than the Navahos on adjective pairs reflecting 

dynamism. For the Anglo students academic achievement, IQ, and level 

of occupational plans were positively correlated with indices for the 

average white man. These factors showed no clear pattern for the 

Navahos. Cultural differences and disadvantages were used to explain 

the above findings. 

NEW RADIOCARBON DATES FROM THE BEAR CREEK WATERSHED, 

NORTHWEST ALABAMA 

Eugene M. Futato 

Office of Archaeological Research 

University of Alabama, University 

The relative cultural and ceramic sequences for the Tennessee 

Valley in North Alabama were well established by the archaeological 

work cafried out in conjunction with the construction of Pickwick, 

Wheeler, and Guntersville Reservoirs. However this work was done before 

the development of radiocarbon dates. Recent archaeological salvage 

excavations in the Bear Creek Watershed, sponsored by the Tennessee 

Valley Authority will hopefully provide a number of carbon samples to 

date more precisely the established chronology. To date four samples 

from Late Archaic and Woodland contexts have been processed by Geochron 

Laboratories (GX3100, GX3102, GX3336, GX3337). 

UNIVERSITY OF LONDON EXPEDITIONS TO SANTANDER, COLOMBIA: 

1970 and 1972 

Donald P. Heldman 

Department of Anthropology/Sociology 

University of Alabama, Birmingham 

Situated between the north Colombian coastal sites of Puerto 

Hormiga, Barlovento, and Momil and that of Valdivia on the Pacific 

coast of Ecuador is the Magdalena River system. Fed by numerous tribu¬ 

taries, the Magdalena drainage is an excellent area in which to seek long 

archaeological sequences, the historical developmental periods of the 

pre-Colombian Indian. 
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The University of London conducted site surveys as well as test 

excavations of a number of sites in the Eastern Cordillera, within the 

Suarez River Valley, Department of Santander, Colombia. Results of 

two field seasons included the discovery of two cultural horizons, one 

prehistoric and the other probably that of the historic Guane Indians. 

Assemblages of both horizons include full-blown ceramic inventories. 

OBJECTIVES OF THE ALABAMA ARCHAEOLOGICAL SOCIETY 

B. Bart Henson 

Alabama Archaeological Society, Huntsville 

In December of 1972, after more than a year of detailed study of 

membership interest and the Society's long-range goals and objectives, 

the Alabama Archaeological Society adopted a new Constitution. This 

Constitution includes a list of explicit Society objectives, dedicated 

to greater emphasis on education, research, and conservation in the 

several areas of the State's archaeological heritage. The objective to 

be discussed here is: "To promote the conservation of archaeological 

sites and to favor the passage of laws prescribing to such." 

The implementation of this objective is the responsibility of a 

"Site Conservation Committee," which gathers and evaluates data on 

archaeological sites whose existance is known or considered to be in a 

critical stage. A number of remarkably significant archaeological sites 

have already been placed in this catagory and are being studied for 

possible conservation attempts. 

THE PALEO-INDIAN IN NORTHWEST ALABAMA 

Charles M. Hubbert 

Florence State University, Florence, Alabama 

Recent research at Paleo-Indian sites in Eastern North America has 

established the contemporaneity of the makers of Eastern fluted points 

with those of the Great Plains area. Data garnered from these sites 

permits hypothesis concerning the nature of the socio-environmental 

factors operative during the Late Pleistocene. 

Surface site surveys in the Tennessee Valley indicate that the 

Paleo-Indian occupation of that area was relatively dense. Fluted point 

sites can be observed to concentrate in the vicinity of certain types of 

natural geographic features. This situation provides an excellent oppor¬ 

tunity to structure a long-range program of Paleo-Indian research. 

LATE WOODLAND-EARLY MISSISSIPPIAN IN NORTHERN ALABAMA 

Ned Jenkins 

University of Alabama, University 

The 

Woodland 

McKelvey 

Subphase 

McKelvey Phase represents the local manifestation of the Late 

Period in Northern Alabama. Present data indicate that the 

Phase may be divided into a Subphase I and a Suhphase II. 

I is best illustrated by larger amounts of Mulberry Creek 
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Cord-marked and smaller villages, while Subphase II is best illustrated 

by larger amounts of McKelvey Plain, Wheeler Check Stamped, and larger 

villages. The McKelvey Phase was terminated by the appearance of Early 

Mississippian peoples and influences in Northern Alabama around 900 A.D. 

This mixture of Early Mississippian traits with indigenous McKelvey 

peoples formed the West Jefferson Phase. The West Jefferson Phase under¬ 

went further modifications as later Mississippian groups moved into 

Northern Alabama around 1050 A.D. It is guessed that West Jefferson 

groups were fully acculturated into the Mississippian life-way by 
1200 A.D. 

THE RESETTLEMENT SCHEME OF FORMERLY BRITISH AFRICAN COLONIES 

AS POLITICAL SYMBOLISM, NOT AS ECONOMIC DEVELOPMENT 

Joseph R. Kerr 

Department of Sociology 

Birmingham-Southern College 

Birmingham, Alabama 

The eight nations of Ghana, Kenya, Nigeria, Rhodesia, Sudan, 

Tanzania, Uganda, and Zambia have used the resettlement schemes for a 

wide variety of official purposes. Governmental security, relocation 

of refugees, dam projects, severe overpopulation, decreasing land fer¬ 

tility, land fragmentation, diseased-area reclamation, and the need for 

exportable crops have been official reasons for the need to resettle 

people in areas where economic productivity is greater. 

Of the forty-four projects within these eight nations only one 

has achieved its economic objective. Yet, without any greater promise 

of success, nineteen new projects have been planned. It would appear 

that the body of political symbolism theory can better explain the 

continuity of resettlement plans than can economic development. 

It is known that major inequities in national resource allocation 

have occurred. It appears that one major city, sometimes called the 

primate city, receives a disproportionate share of national benefits. 

This city can function as a showcase for foreign visitors and as the 

site for the national governmental agencies. 

It was the conclusion of this paper that the primate city receives this 

disproportionate share because of its strategically located, well 

organized groups. 

The theory of political symbolism includes the point that the less 

well organized peoples can be held quiescent by symbols when threatened 

by a crisis. Eight types of evidence were presented to support the 

conclusion that the resettlement scheme is a mechanism for developing 

and retaining rural support for the governmental leaders. The resettle¬ 

ment scheme, even while failing economically, serves as a dramatic 

symbol to less well organized citizens to demonstrate governmental 

involvement with the crisis. 
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THE BEHAVIORAL FOUNDATIONS OF ETHNIC RELATIONS: A THAI CASE 

E. Hollis Mentzer 

University of Alabama, Birmingham 

This paper attempts to explore certain basic behavioral patterns 

and attitudes which constitute dimensions of valuation, which in turn 

are a primary behavioral aspect of group interrelations. The objective 

is to demonstrate some basic dynamics in the formulation of egocentric 

and ethnocentric attitudes. Cultural values are principles for organ¬ 

izing the selection of behavioral patterns from the vast repertoire of 

possible human responses. Culturally constituted values are not the 

vague and intangible principles which "lie behind" behavior; they are 

concretely manifest in the substance of every-day living and serve, at 

this level, as the bases by which others are evaluated and judged. 

This paper explores several behavioral patterns of rural Thai villagers 

and how they are extended in judgment of other ethnic groups with which 

the Thai have had extensive historical and practical relations: Chinese 

Mon, Lao, and East Indian. 

A COMPARATIVE ANALYSIS OF ETHNIC IDENTIFICATION AS 

DEPICTED IN CHILDREN'S DRAWINGS 

Patti Mobley 

Department of Sociology 

Jacksonville State University 

Jacksonville, Alabama 

From drawings gathered in Birmingham, Alabama during October and 

November, 1973, an attempt was made to show that the attitudes of black 

people toward themselves, has changed during the past ten years. Chil¬ 

dren, both black and white of varying economic levels were asked to 

draw a person of the opposite sex than the one they had drawn earlier. 

Analysis of these drawings were based on Wayne Dennis's value hypothesis 

which said that a person will draw a figure towards which they have a 

positive attitude. However, it appears that in these drawings the 

negative, as well as the positive attitudes, are displayed. 

After analysis, it was found that both whites and blacks, males 

and females drew their own race and sex more often than not. Of all 

the children, 92.5 percent drew their own race, with 86 percent of 

the black children doing so. Of the children 78 percent drew their 

own sex. A majority, 76 percent of the children drew figures with 

smiles. According to these tests, there is an indication that self- 

concept among blacks has improved during the past decade. 

BEING BLACK MEANS: A COMPARISON OF ATTITUDES IN AN 

ALABAMA BLACK COMMUNITY 

MoWa Otito-Dnalgar and Ronald E. Mertz 

Department of Sociology 

Jacksonville State University 

Jacksonville, Alabama 

Events in the last two decades have brought about changes in the 

nature of Black militancy in some areas. Part of a survey conducted 
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in Anniston, Alabama was used to construct a Nationalism-Power scale in 

an attempt to determine if these changes are evident. In-group com¬ 

parisons were made based on sex, education and age. Findings and their 

implications are discussed in relation to earlier studies. 

THE INTERRELATIONSHIP OF CULTURE CHANGE, 

SOCIAL STRESS, AND DISEASE 

Jerome Carl Rose 

Department of Anthropology and Sociology 

University of Alabama, Birmingham 

Until recently the analysis of skeletal remains by Physical 

Anthropologists has not extensively contributed to the Archaeologist's 

understanding of cultural process. The purpose of this paper is to 

demonstrate that hypotheses generated from Archaeological data can be 

tested by the analysis of cemetery populations by the Physical Anthro¬ 

pologists. Theoretical models derived from recent research upon the 

interaction of social stress and disease are adapted to archaeological 

data concerning the transition from the Late Woodland to the Mississippian 

cultures in Illinois. The resulting hypothesis states that increasing 

cultural complexity is associated with increasing morbidity. Paleo- 

pathological and paleodemographic data derived from the analysis of 

cemetery populations support this hypothesis. 

AN ARCHAEOLOGICAL SURVEY OF THE AREA 

SURROUNDING PUERTO NARINO, COLOMBIA 

Donald Dewalt Russell, Jr. 

Department of Anthropology 

University of Alabama, University 

Problems associated with conducting an effective archaeological 

survey in a rainforest environment is the topic of this paper. The 

region involved in this study is the area surrounding Puerto Narino, 

Colombia, South America. Puerto Narino, with a population of about 

six hundred people, is located approximately five hundred meters from 

the confluence of the Loreto Yacu and the Amazon River. This area has 

an Af climate with a mean monthly temperature above 64.4°F. and a mean 

annual rainfall of between 200 and 500 cm. 

Discussed in this paper are: 1) methods used in locating sites, 

to include interviewing, direct observation, and soil Ph; 2) techniques 

employed in testing a site; 3) handling and analysis of artifacts; and 

4) environmental problems encountered. Concluding the paper are site 

reports and interpretations of information gathered in the survey. 
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EMPLOYMENT OPPORTUNITIES IN PUERTO NARINO 

Jean Brocklehurst Russell 

Department of Anthropology 

University of Alabama, University 

The occupational options available to the residents of Puerto 

Narino fall into two categories: government work and traditional 

work such as hunting, fishing, and farming. Puerto Narino, which is 

located on the Loreto Yacu, a tributary of the Amazon River, is sub¬ 

sidized by the Colombian government to show what could be called a 

"model town." The positions of police, infirmary director, elec¬ 

trician, corregidor, and general civil government workers are all 

contributions from the Colombian government. 

This paper correlates the various occupations with several 

factors: education, family background, hours worked per day, whether 

additional work was done to supplement the income, from whom training 

was learned, and at what age the children started to learn the needed 

skills. 

AN ANSWER TO ENVIRONMENTAL PROBLEMS: THE AMAZON 

C. Earle Smith, Jr. 

University of Alabama, University 

The Ticuna Indians of the tributaries of the upper Amazon from 

the Colombian Amazonas corridor into Brazil live in harmony with their 

environment. This way of life, developed over many centuries, is, 

unfortunately, now being exchanged for a monetary economy. 

All of the needs of the Ticuna are still largely met by forest 

resources. Housing is entirely the product of the forest including 

the vines which hold the component poles together and the palm leaves 

which form the roof. Even the furnishings such as the hammocks are 

made from fiber derived from palm leaves. Storage containers, and 

work implements are often locally made. Even the large pottery jars 

for fermenting masato are from the local clay. 

The river is the major source of protein and the highway for 

communication. Canoes carved from logs, paddles and the pitch for 

repairing leaks are all from forest trees. The tips of fishing spears 

are now made from metal, but they were once made from the chonta palm 

wood. 

Even the agriculture, carried on in shifting fields which produce 

only for about 18 months before abandonment, is attuned to the environ¬ 

ment. Fallowing for 15 to 20 years allows the forest to replace itself 

and the nutrients in the soil. 

If we are to solve our environmental problems, we must live on a 

similar level at which all materials taken from the environment are 

restored in the course of time. Our current practice of use without 

replacement can only lead to environmental bankruptcy. 
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AIR FORCE TRAINING FILM, "LAND SURVIVAL: ETHNIC GROUPS" (SFP 1279) 

H. Morgan Smith 

Environmental Information Division 

U.S. Air Force 

This film was produced by the U.S. Air Force in 1964 and is de¬ 

signed as an initial step in introducing the concept of cross-cultural 

contact to aircrewmen. Because of the importance of formulating fav¬ 

orable people-to-people contact in a survival situation, the film is 

primarily used in Air Force Survival Schools; however, general appli¬ 

cation of the contents of the film was soon recognized and it is now 

used by all of the armed services and a number of universities and pro¬ 

fessional groups. 

The main body of the film consists of documentary footage filmed 

in a traditional Choco "area" of the Republic of Panama. The only 

acting in the Choco Indian sequence of the film is done by an actor 

playing the part of an Air Force pilot. After receiving instructions 

in cross-cultural communication, the actor was inserted into the Choco 

"area." The Indians reacted to him and one of the three cameramen 

recorded the action. The actual film "story" was developed during the 

editing phase in the laboratory. 

The senior man of the Choco extended family group, consisting of 

3 households and approximately 3.5 people, shown in the film have had 

contact with "outsiders" and traveled extensively outside of Choco 

"territory" since 1952. As his group had increased contact with out¬ 

siders (Panamanians and U. S.), the senior Choco became more displeased 

with the way the outside males looked at the Choco women ("Como 

cazadores" - like hunters), and the outsiders were forming many 

erroneous opinions about the Choco. In discussing the Choco associa¬ 

tion and roles when dealing with other peoples, he was asked if he would 

better understand the Choco. Initially, Choco were opposed to any 

picture taking; however, in 1963 he gave permission to allow filming 

of Choco activities in the area of his immediate influence on the 

Upper Chagres River in Panama. 

The film crew consisted of a maximum of three cameramen, sound 

man, director and technical advisor. They all received instruction in 

cross-cultural contact at the United States Air Force Tropic Survival 

School before their first visit to the Choco. 

To lessen the impact of obvious physical differences the film 

crew all wore bathing suits and for the first three days filmed one 

another and gradually gained the interest and trust of the Choco. The 

film crew also joined in various activities when invited. They par¬ 

ticipated in a chicha drinking ceremony even though one of them became 

nauseated and could not keep it down. 

Thousands of feet of film were exposed and, as stated previously, 

the film was assembled during editing. It required over a year to 

complete and the Choco state the film portrays their customs accurately, 

although not completely. 

The weapons and other modern technological devices shown with their 

less advanced counterparts in the introduction are a means of depicting 

cultural differences to those having no formal training in anthropology. 

This sequence allows the audience to relate by comparing tools of the 

different culture to tools of his own culture. It is emphasized that 
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no individual homo sapiens is more primitive than another. Technologi¬ 

cal development may be primitive or less advanced; however, biologically 

humans are basically equal and the principles set forth in the film 

apply wherever peoples of differing cultures meet. 

The principles of meeting peoples of differing cultures depicted 

in this film apply at all levels of contact domestically as well as 

overseas. Since the production of the film the Choco have assisted 

the Air Force in the jungle survival phase of training at the United 

States Air Force Tropic Survival School, Panama Canal Zone. 

ABORIGINAL DUGOUT CANOES ON 

THE NORTH CENTRAL GULF COAST 

N. Read Stowe 

Department of Sociology and Anthropology 

University of South Alabama, Mobile 

Early historical accounts indicate that during the 16th and 18th 

centuries dugout canoes played a major role in aboriginal transportation 

on the North Central Gulf Coast. Archaeological evidence demonstrates 

that these boats were also widely used during prehistoric climax Miss- 

issippian times. A single C-14 date indicates that dugouts were used 

at least as early as the 14th century. 

This paper reviews early ethnographic accounts of dugout canoe 

use and construction techniques. Pertinent material in the journals 

of Narvaez, DeSoto, Penicaut, DuPratz, and William Bartram is reviewed. 

Also considered is the archaeological finds of dugouts and dugout acces¬ 

sories made by Cushing at Cedar Key on the Southeast Gulf Coast. Ob¬ 

servations are also made on seven dugouts from the North Central Gulf 

Coast that are still in existence. These boats are in the "Spanish 

Fort" Museum in Pascagoula, Mississippi, the University of South 

Alabama Archaeological Research Laboratory, the Alabama Archives, 

Montgomery, the University of Alabama Museums, Moundville and the 

Temple Museum, Fort Walton Beach, Florida. 

A STUDENT VIEW OF THREE UNIVERSITIES: 

SANTIAGO, BIRMINGHAM, TUSCALOOSA 

Copsuelo Valdes 

Latin American Studies Program 

University of Alabama, University 

Participant observation of three different universities provides 

a useful insight into those educational institutions, mainly in the 

way they function in two different societies: one highly developed, 

and the other in the process of developing. 

Birmingham and Tuscaloosa are examples of the former. Stable 

developed societies with mass education assign distinctive roles to 

their campus and university students. They are academically and pro¬ 

fessionally oriented. Students have a unique subculture that includes 

sports, fraternities, sororities and dating, that functions indepen¬ 

dently of the rest of the society. 
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In Chile, a rapidly changing country, the university is part of 

such changes, sometimes the generator itself, with its constant flow of 

criticism that professors and students openly and often violently express. 

Those who are admitted to college are a privileged group and, as such, 

cannot separate their role as students and as citizens. Moreover, there 

does not seem to exist a great gap between a student subculture and the 

national culture. In Santiago, social, economic and political pressures 

affect different age groups in the same way and with the same intensity. 

MIDDLE WOODLAND BURIAL CAVES IN THE 

HIGHLAND MID-SOUTH 

John A. Walthall 

Department of Anthropology 

University of Alabama, University 

In 1938 an archaeological salvage project was initiated in a portion 

of the Middle Tennessee Valley to be inundated by the construction of 

the T.V.A. Guntersville Dam. During this project a cave in the basin 

area was investigated and a 4 by 7 meter interior room was found to 

contain a deposit of calcined, human skeletal material some 2 meters 

deep. In association with this deposit were over 300 utilitarian and 

socio-technic artifacts formally and stylistically associated with the 

Copena mortuary complex. 

Recent investigations in this portion of the Appalachian Plateau 

Region have revealed several similar subterranean ossuaries containing 

related burials and artifacts. The cultural affiliation of these 

mortuary loci and the special distribution of these sites indicate that 

they were widely utilized during the Middle Woodland period in this 

area. Their frequency, and the comparative number of individuals 

interred within them, indicate that this type of mortuary site was as 

culturally significant, if not more so, than the more well known burial 

mound structures in the area of the Mid-South. 

THE AMATEUR ARCHAEOLOGIST AND SITE SURVEYS 

William H. Wesley 

Alabama Archaeological Society, Huntsville 

Information from various states throughout the U.S., indicates 

that archaeological sites are being destroyed at an ever increasing 

rate. It is evident from field observations that many prehistoric 

sites in Alabama are suffering from various types of damage and 

destruction. Amateur archaeologists should, as a group, as well as 

through individual effort, attempt to record known sites and preserve 

all information possible. Preservation of sites, in an undisturbed con¬ 

dition, should be encouraged, and information should be made available 

to interested individuals through publication as often as possible. 

General information on site surveys, of interest to potential 

amateur archaeologists or to professional archaeologists interested in 

the activities of amateurs, is given. 
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MINUTES 
ANNUAL BUSINESS MEETING 

University of Alabama, Birmingham 

April 6, 1974 

After Dr. John W. Kirklin's scientific lecture on Cardiac Sur¬ 

gery, the meeting was called to order by President Gudauskas. A 
motion was made by Dr. Barker and seconded by Dr. Boozer that the 

minutes be adopted. 

REPORT OF THE SECRETARY (Danice H. Costes): 

Total membership through April 2, 1974 ............ 1018 

Additions (December 5, 1973 to April 2, 1974): 

New Members .  ... 54 
Reinstated Members . .1 

Total.. . 55 

New Members: 

Sections Individual 

Biological Sciences . 11 

Chemistry . 1 

Geology.. . 1 

Forestry, Geography & Conservation. . . 1 

Physics and Mathematics . 4 
Industry and Economics . 5 

Science Education . 2 
Social Sciences . ... 5 

Medical Sciences . . 0 

Engineering . 2 
Anthropology.. 2 

Complimentary Science Clubs . 0 

Sections Unknown.. . 1 

Sub-totals: 35 

Associate Member. 1 

Total: 54 

Reinstated Members 1 

Losses (December 5, 1973 to April 2, 1974): 

Dropped 9 

Deceased 0 

Thirteen members have not paid their dues in full 

(2 Collegiate and 11 Individual) 

Total number of individuals in each section: 

Biological Sciences . 205 

Chemistry .. 86 

Geology ..   43 

Forestry, Geography & Conservation. ... 39 

Collegiate 

2 
2 
0 
0 

1 
2 
0 
1 
1 
0 

8 
0 

18 
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Physics & Mathematics 

Industry & Economics 

Science Education . . 

Social Sciences . . . 

Medical Sciences . . 

Engineering . 

Anthropology . . . . 

No section . 

TOTAL: 

. 124 

67 

53 

81 

74 

65 

36 

. 148 

. 1018 

REPORT OF THE TREASURER (Hoyt Kaylor): Period jan. 1 - Dec. 31, 1973 

RECEIPTS ACTUAL ESTIMATED 

Membership dues $3,699.00 $3,600.00 

Annual meeting 1,132.05 1,000.00 

Research grants (Refund) 55.21 200.00 

Industry contributions to AJAS Humanities 

Symposium 2,325.00 2,200.00 

Gifts 225.00 

Interest from passbook savings account 95.56 

Journal subscription 4.00 

Total net receipts for the period 7,535.82 $7,000.00 

Transfer from passbook savings to checking 

account 3,500.00 

Total receipts $11,035.82 

EXPENDITURES ACTUAL BUDGET 

Publication of Journal $6,200.00 

Printing (8 quarterly numbers) $5,462.50 

Typing of Journal copy 539.69 

Honoraria for Editor 800.00 800.00 

Assistance to AJAS 

Support 250.00 

Industry contributions to Humanities 

Symposium 2,325.00 2,000.00 

Student awards 55.00 165.00 

Research grants 150.00 400.00 

Annual meeting 

Expenses net 250.00 

Programs 567.10 600.00 

Academy of Science Award 100.00 150.00 

Speakers, officer's expenses, etc. 200.00 

Academy of Science assessment 43.75 20.00 

Operating expenses 

Office of the President 125.00 

Office of the Secretary 577.96 600.00 

Office of the Treasurer 168.58 250.00 

Office of the Editor-Newsletter 50.00 

Office of the Coordinator of Science 

Fairs 100.00 150.00 

Office of the Counselor of AJAS 

Public Relations Committee 69.75 100.00 

Supplies 53.55 200.00 
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EXPENDITURES 

Newsletter 

Chairman, Membership Committee 

Vice-Presidents (11 x $20.00) 

Total Expenditures 

Balance in checking account 12-31-72 

Total receipts 

Total expenditures 

Balance in checking account 12-31-73 

ACTUAL BUDGET 

491.15 200.00 

75.00 150.00 

28.00 220.00 

$11,607.03 $13,080.00 

778, .73 

11,035, .82 

-11,607, .03 

$ 207. .52 

First National Bank, Birmingham, Alabama, Savings Certificate of Deposit 

Value 12-31-72 

Value 12-31-73 

Jefferson Federal Svgs and Loan Assn, 

Value 12-31-72 

Value 12-31-73 

7,714.45 

8,191.30 

Birmingham, AL., Savings Certificate 

4,051.75 

4,289.79 

Jefferson Federal Svgs 

Account 

Value 12-31-72 

Value 12-31-73 

& Loan Assn, Birmingham, AL., Passbook Savings 

4,000.00 

620.62 

REPORT OF THE AUDITOR (Harold 0. Beals and Howard Clonts): 

"The auditing committee has examined the treasurer's books and 

reports. We find them to be in order." 

REPORT OF THE COMMITTEE ON PLACE OF MEETING (Reuben Boozer) : 

"The Fifty-first annual meeting of the Alabama Academy of Science 

will be held April'4 and 5, 1975, at Auburn University. Dr. Lowell 

Wilson of Auburn will chair the Local Arrangements Committee. 

After reviewing the places where the Annual Meetings were held over 

the past ten years, we decided to go South by accepting the invitation 

of the University of South Alabama for the 1976 Annual Meeting. The 

last time that the Academy met in South Alabama was 1969 at Mobile 

College. 

Dr. Eugene Wilson and Dean William A. Hoppe of the University of 

South Alabama have assured us there are adequate housing and facilities 

for the Annual Meeting and that they are looking forward to the 1976 

meeting." 

REPORT OF THE RESOLUTIONS COMMITTEE (George F. Brockman): 

"WHEREAS the Alabama Academy of Science has held its Fiftieth 

Anniversary meeting at the University of Alabama in Birmingham and has 

enjoyed the hospitality of the University, Therefore: 

BE IT RESOLVED that the Academy express its gratitude to Dr. J. F. 

Volker, President of the University of Alabama in Birmingham, and 

to the University for hosting this meeting. To Dr. Geraldine 
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Emerson, General Chairman and Coordinator of this year's meeting. 

Jack Duncan, Dr. David Greer, Special Activities Coordinator, 

Dr. John Young, Junior Academy Coordinator, and Dr. Charles 

Feazel, Gorgas Scholarship Coordinator; to the section hosts: 

Denny Bearce, George Brockman, John Carmichael, Don Grigsby, 

Bernis Hannah, Henry McCarl, Hollis Mentzer, William Niedermeier, 

Richard Shoemaker, Tom St. Pierre, and John Woodward; to the 

Faculty and Staff of the University of Alabama in Birmingham; 

and to all of the many others who contributed much to the success 

of this meeting, we the Academy members express our appreciation 

for their efforts. 

BE IT FURTHER RESOLVED that the Academy express its gratitude to 

the Sargent-Welsh Company for its continued support of the annual 

banquet. 

BE IT FURTHER RESOLVED that the Academy express its appreciation 

to those who retire from leadership this year, and especially to 

Dr. Robert Gudauskas, President, Dr. Danice Costes, Secretary, 

and Dr. Elroy Curl, Editor of the Journal. 

BE IT FURTHER RESOLVED that the Academy express its appreciation 

to Dr. J. F. Volker and to Dr. J. W. Kirklin for their presenta¬ 

tions to Academy members and guests. 

BE IT FURTHER RESOLVED that the Academy express appreciation to 

Dr. Joseph Thomas, Chairman, and to Drs. Sam Barker, Ellsworth 

Steele, and James Sulzby, members of the ad hoc Fiftieth Anni¬ 

versary Committee for planning and arranging outstanding activi¬ 

ties to commemorate the Golden Anniversary of the Academy. 

WHEREAS, during the past year the Alabama Academy of Science has 

lost two of its prominent members through death, therefore 

BE IT RESOLVED that the Academy extend its sympathy to the families 

of Dr. C. A. Basore, President of the Academy in 1949-50, and of 

Dr. E. Carl Sensenig, President of the Academy in 1963-64. 

BE IT FURTHER RESOLVED that appropriate letters together with a 

copy of this resolution be sent by the Secretary of the Academy to 

the families of Dr. Basore and Dr. Sensenig. 

WHEREAS during the past year the Alabama Academy of Science has 

lost one of its most dedicated workers through death, and 

WHEREAS this loss is shared in a special way by the Alabama Junior 

Academy of Science, who have at the same time lost one of their great 

leaders and supporters, now therefore: 

BE IT RESOLVED that the Alabama Academy of Science and the Alabama 

Junior Academy of Science jointly extend their sympathy to the 

family of Clustie McTyiere. 

BE IT FURTHER RESOLVED that an appropriate letter together with a 

copy of this resolution be sent by the Secretary of the Academy in 
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concert with appropriate representatives of the Junior Academy to 

the family of Clustie McTyiere. 

WHEREAS the Alabama Academy of Science will shortly be losing one 

of its prominent members through retirement and removal from the State, 

and 

WHEREAS this member has been a leader in the scientific community 

in Alabama for almost a quarter of a century, and during this time has 

gained national recognition and respect of his colleagues and has been 

most active in recruiting and inspiring students who for many years 

will continue the works that he has set them upon, and 

WHEREAS numerous of his friends, colleagues, and former students 

have expressed their desire that special recognition be given to him as 

a scholar and teacher, therefore 

BE IT RESOLVED that the Academy offer a salute to Dr. Asael T. 

Hansen for his researches in Anthropology, for his labors on the 

behalf of the Academy over the years, and for the special place 

that he has won in the hearts of his students. 

BE IT FURTHER RESOLVED that the Secretary of the Academy transmit 

a copy of this resolution to Dr. Hansen." 

Dr. Barker offered the following resolution, "I offer the following 

resolution: 'BE IT RESOLVED that the Academy accepts the resolutions 

as stated.'" Dr. Boozer seconded the resolution. The resolution was 

carried by a plurality of votes. 

REPORT OF THE RESEARCH COMMITTEE (Bernis 0. Hannah): 

"The Research Committee is happy to announce that the Alabama 

Academy of Science this year will make three awards for the undergraduate 

paper competition and one award for a research grant. 

These awards are as follows: 

Undergraduate Paper Competition 

Biology 

2nd Place Boron Defficiency as a Possible Cause of Cotton Yield 

Losses in Colbert & Lauderdale counties in 1973- 

Macon Landers, Florence State University 

Honorable Mention Mercury Accumulation in Tenn. Valley Mosses. 

Macon Landers & Jack S. Brown, Florence State University 

Physics & Math 

1st Place Computer Studies of Possible Habitable Planets . 

Ronald W. Blankenship, Samford University 

Research Grant 

$500 

Mormonism & Minorities in the South . 

Charles H. Ainsworth, University of Ala., Tuscaloosa" 

311 



Journal of the Alabama Academy of Science 

REPORT OF THE NOMINATING COMMITTEE (Howard Carr): 

"The Nominating Committee first expresses its appreciation to many 

members of the Alabama Academy of Science who responded to its request 

for suggested nominations to the various offices. 

The Committee herewith submits the following nominations for the 

various offices to be filled at the 1974 annual meeting: 

Elective Officers 

President 1974-75 

Reuben Boozer 

Jacksonville State University 

Secretary 1974-76 

Danice H. Costes 

Troy State University 

Board of Trustees 1974-77 

J. F. Fagan - Hunstville 

Harry Philpott - Auburn Univ. 

Howard Milling - Birmingham 

J. F. Sulzby, Jr. - Birmingham 

Section 

Biological Sciences 

Vice-President: Ellen McLaughli 

Vice-Chairman: Carl Dixon, Aub 

President-Elect 1974-75 

Tom Denton 

Samford University 

Counselor, AJAS 1974-77 

James Welker 

University of Ala. at Tuscaloosa 

Editor of Journal 1974-77 

Jack Carrington 

Auburn University 

State Coordinator of Science 

Fairs 1974-77 

George Twellmeyer 

Spring Hill College 

icers 

, Samford University 

rn University 

Chemistry 

Vice-President: Robert Head, Gadsden St. Jr. College 

Vice-Chairman: T. G. Jackson, Univ. of South Alabama 

Geology 

Vice-President: Ronald Taylor, Auburn University 

Vice-Chairman: Robert B. Cook, Auburn University 

Forestry, Geography, and Conservation 

Vice-President: Frank Himmler, Florence State 

Vice-Chairman: Eugene M. Wilson, Univ. of South Alabama 

Physics and Mathematics 

Vice-President: David Agresti, UAB 

Vice-Chairman: William Alford, Auburn 
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Industry and Economics 

Vice-President: 

Vice-Chairman: 

Science Education 

Vice-President: 

Vice-Chairman: 

Social Sciences 

Vice-President: 

Vice-Chairman: 

Medical Sciences 

Vice-President: 

Vice-Chairman: 

Engineering 

Vice-President: 

Vice-Chairman: 

Anthropology 

Vice-President: 

Vice-Chairman: 

D. Larry Davis, Univ. of Alabama 

Billy P. Helms, Univ. of Alabama 

Hollis Fenn, Florence State University 

Dan Whitson, Decatur 

George C. Whatley, Birmingham 

Charles G. Summersell, University of Alabama 

William J. Wingo, UAB 

David Greer, Auburn 

James Hool, Auburn 

Charles D. Haynes, University of Alabama 

Carey B. Oakley, University of Alabama 

Noel Read Stowe, Univ. of South Alabama 

There were no nominations from the floor. Dr. E. Carmichael moved 

that we accept the slate of officers as presented by the Nominating 

Committee. Dr. Emerson seconded the motion. The motion was carried by 

a plurality of votes. 

REPORT OF THE CHAIRMAN FOR REGIONAL SCIENCE FAIRS (G. Twellmeyer): 

"The following students are to be congratulated on winning in their 

respective Regional Fairs thereby earning the honor to represent the 

Region in the International Science and Engineering Fair in South Bend, 

Indiana at the University of Notre Dame. 

CENTRAL REGION: Steve Haugh, Banks High School 

Samford University Richard Canty, Parker High School 

EASTERN REGION: Mary Betchel, Jeff Davis High School 

Auburn University Ed Stone, Jeff Davis High School 

MOBILE REGION: Mary A. Sheldon, Foley High School 

Spring Hill College Billy Napper, Choctaw County High Schoc 

NORTH REGION: Millie Shofner, Randolph School 

Huntsville Center, UA Russell Kerl, Jr., Randolph School 
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NORTHEASTERN REGION: 

Jacksonville University 

NORTHWESTERN REGION: 

Florence State University 

Frank L. Perryman, Sylacauga High School 

George G. Bugg, Jr., Westminister 

Christian 

Lamar Lee Lanahan, Cottonwood High 

School 

WESTERN REGION: 

University of Alabama 

Susan Fredrick, Warrior Academy 

Stephen Hughes, Fayette County H.S. 

SOUTH REGION: 

Troy State University 

Kenneth Hertzag, Opp High School 

Kenneth Cranberry, Opp High School 

AJAS new officers and awards were then announced by Dr. James D. 

Welker. The "Outstanding Science Teacher Award" was presented to 

Ms. Mary Nell Gonce, Henry A. Bradshaw High School. The AJAS Out¬ 

standing Region went to the South Alabama Region. Mr. Eugene Q'masta 

and Mr. Wayne Adams are in charge of the region. 

REPORT OF THE GORGAS SCHOLARSHIP FOUNDATION, INC. (C. E. Feazel): 

"The Gorgas Scholarship Foundation announced today that it has 

selected the winner and alternates in the 1974 Science Talent Search. 

The search was held at the meeting of the Alabama Academy of Science 

at the University of Alabama in Birmingham. The winner of the cash 

award is James Mason Cummings, 2018 Cloyd Boulevard, Florence, Alabama, 

35630, from Henry A. Bradshaw High School. Teacher, Ms. Mary Nell Gonce. 

Alternates are: 

Second: Clement Patrick Cotter, 1110 Drake Avenue, S.E., Huntsville, 

Alabama, 35802, from Huntsville High School. 

Teacher, Ms. Anne Roberts. 

Third: Glenda Sue Bramlett, Rural Route 1, Hartselle, Alabama, 35640, 

from Falkville High School. Teacher, John Teague. 

Fourth: Russell Thomas Barr, 7803 Martha Drive, Huntsville, Alabama, 

35802, from Virgil I. Grissom High School. 

Teacher, Ms. Roberta A. Hill. 

Fifth: Susan Lynn King, 9004 Valley View Dr., S.E., Huntsville, 

Alabama, 35802, from Randolph School. Teacher, 

Ms. Julia Snyder. 

Sixth: Charlotte Ann Howell, 16 Howard Street, Fort Rucker, Alabama, 

36360, from Enterprise High School. Teacher, Gilbert Conn. 

Seventh: John Robert Sundback, 2403 Stratford, Decatur, Alabama, 35601, 

from Decatur High School. Teacher, Robert E. Henry 

Eighth: Cathy Anita Wells, Brookside Drive, Opp, Alabama, 36467, 

from Opp High School. Teacher, Ms. Elsie S. Spencer. 

Ninth: Carolyn Diane Laux, 2011 Woodvale Drive, N.W., Cullman, 

Alabama 35055, from Cullman High School. Teacher, 

Jerry Thomas Bishop. 
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Tenth: Catherine Lee Honeycutt, 503 S. Clinton, Athens, Alabama, 35611, 

from Athens High School. Teacher, Guy Y. McClure, 

Winners and alternates in the Gorgas contests receive offers of 

tuition scholarships to colleges and universities in Alabama for the 

study of science. The Gorgas Foundation is named for General William 

Crawford Gorgas, the Alabama physician who conquered yellow fever in 

the Fanama Canal Zone while serving as Surgeon General of the U. S. 

Army. The purposes of the Foundation are to promote interest in science 

and to aid in the education of promising students. 

AJAS AWARD RECIPIENTS (James D. Welker): 

Research Grants: 

William S. Loiry, 1003 Fremont Street, SW, Decatur (35601 

Austin High School. Sponsor: Dan Whitson 

Project: "The Effects of Carbon Monoxide on Mice" 

Grant: $100.00 for purchase of supplies and equipment needed 

Richard L. Canty, 1149 First Street North, Birmingham (35204) 

A. H. Parker High School. Sponsor: Mabel W. Phillips 

Project: "The Artificial Production of Oil and Natural Gas from 

Organic Garbage" 

Grant: $50.00 for materials necessary to construct a gas collector 

Fort Payne Times-Journal Scholarship: 

Rex Godsey, Route 1, Houston (35572) 

A.A.A.S. Award: (One year subscription to Scientific Monthly and 

Science Newsletter) 

Myra Hale, 627 11th Court West, Birmingham 

Flynn Walker, 1608 Drake Avenue, Huntsville (35802) 

Dr. Gudauskas made the following announcement: 

"Dr. J. Allen Hynek will be the guest lecturer at The University of 

Alabama, Tuscaloosa, Alabama on Thursday, May 23, 1974 in the Ferguson 

Ballroom at 8:00 p.m. The Ferguson Ballroom is located in the Ferguson 

Center. 

Dr. Hynek, Chairman of the Department of Astronomy and Director of 

the Lindheimer Observatory at Northwestern University is well known for 

his work as consultant to the Air Force on Project Blue Book, and his 

continued effort to resolve the UFO problem. Everyone is invited to 

hear this distinguished speaker." 

Professor DeVall made the following motion: "I move that the Con¬ 

stitution be amended to establish a two year term of office for section 

Vice Presidents." Dr. Barker seconded the motion. Motion carried by a 

plurality of votes. 
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Dr. Gudauskas introduced Dr. Boozer, the president of AAS, 1974-75. 

Dr. Boozer briefly outlined his objects for the Academy for 1974-1975. 

The meeting was adjourned by President Boozer at 11:50 a.m. 
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Tourism in Alabama 

THE GEOGRAPHY OF TOURISM IN ALABAMA 

Dr. Walter F. Koch 

The University of Alabama 

Tuscaloosa, Alabama 

Geographic research into the subject of outdoor recreation and 

tourism is a relatively minor field of economic geography. Since the 

inauguration of such research by K. C. McMurray in 1930, there has been 

a perceptible increase in interest among economic geographers in explor¬ 

ing the geographic aspects of the human activities related to filling 

increasing leisure hours. Since American geographers have been more 

land-use than enterprise oriented the emphasis in recreational research 

has been the development of parks, playgrounds, lakes, and other areas 

intended for outdoor activities. Among American research papers as 

compared with European studies there has been a noticeable avoidance 

of the subject of tourism—and even of the term.2 It may be that Amer- 

cans—and geographers in particular—enjoy tourist travel so much that 

they feel inhibited in their interest in the subject. It seems to be 

widely felt that anything that is enjoyable is not a worthy subject 

for serious research. At a recent meeting (Southeast Division, Associ¬ 

ation of American Geographers aboard M/S FREEPORT, Nov. 27, 1972) in 

which slides of a Yugoslavian cave were shown, a comment made was that 

the slides and the presentation were "too touristy," as if such matters 

were below the academic standards of the meeting. 

In the past ten years there has been a definite trend toward raising 

research into tourist activities to the level of respectability. Al¬ 

though there is still a widespread, and also growing, interest in out¬ 

door recreation, more and more articles are dealing with tourist activity. 

Tourism can be defined as "travel for pleasure, study, and knowl¬ 

edge." As defined, tourism is not travel to a nearby lake to go fishing, 

boating or picnicking. Those are activities better treated under the 

heading "outdoor recreation." Tourism is travel to satisfy what seems 

to be a general itch—the desire to see for oneself those "far away 

places with strange-sounding names," to be on the spot where historical 

events took place, to witness Nature's wonders, to see famous places 

that others are seeing. Tourism is really an emulative avocation. 

Places are only really important to see if others also want to see 

them. The tourist itch is a motivation that has brought economic pros¬ 

perity to Niagara Falls, Williamsburg, Virginia; the Grand Canyon, St. 

Augustine, Disneyland and San Francisco. 

In contrast to outdoor recreational areas, which have their own 

inventory of characteristics, purely tourist attractions can be grouped 

into several distinct categories. These may include (1) extraordinary 

examples of natural beauty, such as mountain peaks, canyons, caves, 

natural bridges, or waterfalls, (2) sites of famous historical events 

or homes of historical or famous persons, (3) examples of period 

architecture both old and new, such as castles, antebellum homes, mil¬ 

lionaire's mansions, Sears Tower or the Empire State Building, (4) monu¬ 

ments, such as St. Louis Arch or the Eifel Tower, (5) amusement parks, 
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such as Disneyland and its numerous emulators, (6) museums of various 

types. It is these sorts of attractions that are being increasingly 

studied. 

While tourism can be classified as "fun," it is also a serious 

economic activity. People are very willing to pay for their pleasure 

and recreation. It is this commercial aspect of tourism which makes 

it an important subject for study. No country, state or region can 

afford to overlook the potential economic value of its scenic, histori¬ 

cal or recreational tourist sites. 

The location of Alabama between the heavily populated Middle West 

and Florida along one axis and between the Atlantic Coastal Plain and 

the Southwest along another makes it ideal for the study of regional 

tourist traffic flows, destination studies, and site attractiveness. 

Tourist travel is termed Alabama's third largest industry after the 

manufacture of metal products and textiles.3 In 1970 the travel and 

tour st industry earned over $512,000,000 and provided over 67,000 jobs 

throughout the state.4 Between 1960 and 1970 tourist travel in Alabama 

increased over 78 percent while tourist expenditures increased over 114 

percent. Although most specialists in the tourist travel industry 

realistically predict a reduction in travel as a result of shortages 

and increased cost in fuels, they recommend that efforts to encourage 

short distance travel be increased to keep tourist attraction in the 

black. Eventually the high cost of gasoline will cease to be a deter¬ 

rent and the traffic flows will resume. After all, gasoline prices in 

Europe have been between 50 cents and a dollar per gallon for years 

without seriously curtailing the tourist industry there. 

According to the publications of the State of Alabama Bureau of 

Publicity and Information there are over sixty important sites in Ala¬ 

bama that are worth visiting.5 For those who are fascinated by the 

work of nature in shaping the earth, especially in more spectacular 

forms, the northeast part of the state offers numerous examples, sixteen 

of which are listed in the state brochure. The southern extension of 

the Appalachian mountains with its mixture of crystalline rock and soft 

limestone cores provides some of the most interesting sights in the 

United States. The karst topography provides several very large caves, 

such as Sequoyah Cave, Kymulga Onyx Cave and Cathedral Cavern near 

Grant in which stands what is reputed to be the world's largest stalag¬ 

mite. Russell Cave near Bridgeport, while qualifying as a significant 

natural phenomenon, is more important for its cultural features. The 

wealth of artifacts left behind by the aborigines who inhabited this 

site from time to time has made it an attraction justifying federal pro¬ 

tection. It is operated by the National Park Service as Russell Cave 

National Monument. The American Speleological Society's files in Hunts¬ 

ville list over 1,500 caves in Alabama. Many of these could someday be 

developed as tourist sites. 

Other natural features in Alabama worth seeing are the Natural 

Bridge near Haleyville, which is the longest natural bridge east of the 

Rockies, Little River Canyon, the deepest gorge in the East,6 Noccalula 

Falls in Gadsden and De Soto Falls near Fort Payne. Most of the 

natural wonders with very spectacular appearance lie on private property 
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and are run as commercial enterprises by the owners who live at or near 

the attraction. The number of people who derive income from these 

attractions fluctuates with the season, with a high incidence of tem¬ 

porary summer employment, largely in the form of students from nearby 

communities. 

The historical attractions of Alabama include examples of well- 

preserved Indian mounds and the archeological museums that exhibit 

Indian artifacts, a national military park at Horseshoe Bend on the 

Tallapoosa River where General Andrew Jackson defeated the Creek Indian 

nation in its last attempt to hold on to its traditional lands, and the 

forts that guarded the entrance to Mobile Bay, Fort Morgan and Fort 

Gaines. The zenith of Alabama’s historic importance is perhaps exempli¬ 

fied best in the state capitol building, which served for a short period 

as the national capital of the Confederate States, and the home in which 

President and Mrs. Jefferson Davis lived—now called the White House of 

the Confederacy. 

Almost every town in Alabama has a historical society that attempts 

to preserve buildings that date back at least a hundred and fifty years. 

These buildings include old taverns, post offices and wayside inns, but 

foremost among the structures being preserved or restored as potential 

tourist attractions are the antebellum mansions that symbolize the 

period when cotton cultivation made Alabama one of the richest states 

in the United States. 

There are almost two thousand buildings in Alabama that exemplify 

the elegant, stately, ornate life of the Southern aristocracy that ruled 

prior to I860.7 Not all of Alabama's antebellum homes are mansions. 

Many are cottages or modest plantation houses. Of course, many of the 

antebellum houses are not tourist attractions. There are many that are 

private homes, some are maintained as offices for historical associations 

or business establishments. One of the most beautiful mansions in Ala¬ 

bama is on the campus of the University of Alabama. It has served as 

the home of the president of the University since 1842. But several of 

the most beautiful of the old mansions have been restored and serve as 

some of the really interesting attractions that Alabama has to offer. 

Oakleigh in Mobile, Gaineswood in Demopolis, and Sturdivant Hall in Selma 

are outstanding examples of the conspicuous consumption of the Southern 

planter aristocracy. In conjunction with many of the mansions are main¬ 

tained extensive gardens featuring azaleas or camelias. The most famous 

of these are the commercially successful Bellingrath Gardens at Theodore 

near Mobile. 

In addition to those homes that are attractions entirely for their 

architectural beauty and historical symbolism, there are other places 

in Alabama that drive their tourist magnetism from the individuals with 

whom the place is associated. The most publicized home in this category 

is Ivy Green, in Tuscumbia, the birthplace of Helen Keller. As the 

locale of Anne Sullivan’s attempts to teach the young Helen in the play 

"The Miracle Worker" Ivy Green has become a mecca for many admirers of 

Helen Keller who find themselves In the northwest corner of the state. 

The Gorgas Home in Tuscaloosa is a similar attraction for those Ameri- 
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cans who are aware of the work of General William C. Gorgas, who con¬ 

quered yellow fever and enabled the Panama Canal to be built. 

An increasingly important attraction for travelers, in Alabama, 

especially blacks and foreign tourists, is the George Washington Carver 

museum at Tuskegee Institute which exhibits the contributions made to 

education especially to agricultural research by George Washington Carver. 

Tuskegee Institute also has exhibits that commemorate the work of its 

founder, Booker T. Washington. 

A well-known phenomenon in the tourist industry in recent years 

has been the establishment of large special focus amusement parks. Since 

the establishment of Disneyland in California the nation has seen numer¬ 

ous imitations spring up all over the nation. Alabama's contribution 

is the commercialization of Little River Canyon. Canyon Land Park near 

Fort Payne offers blend of amusements in a setting of spectacular 

natural beauty. Somewhat more educational is the Alabama Space and 

Rocket Center in Huntsville, which lets visitors relive the accomplish¬ 

ments of the United States in the Space program. 

The specific impact of tourist activity on a locality is difficult 

to ascertain. Statistics are normally kept only on statewide activity, 

and even these statistics are often reasonable interpretations of known 

data. For example, one statistic credited to tourist activity is tax¬ 

able sales of motel, hotel and other lodging spaces. These statistics 

do not differentiate between travelers using accommodations for business 

travel or for tourism, or other reasons to be away from home. The same 

sort of ambiguity may be noted in the use of gasoline sales to illustrate 

tourist activity. 

Many of the smaller tourist attractions in Alabama are operated in 

conjunction with other facilities, such as motels, gasoline service 

stations or restaurants. Except for those attractions which are extremely 

isolated the auxiliary services are only fair indicators of the attrac¬ 

tiveness of the site. The location of many of Alabama's attractions 

along major highway arteries suggests that a significant amount of the 

business of these establishments cannot be credited to travelers who 

have come specifically to view the tourist attraction. 

Academic research among geographers into the various aspects of 

the tourist industry in Alabama is relatively sparse. Dale Dison has 

done a study of the state park system8 and Merilyn Osterlund touched on 

tourism in her study of the land use of Bankhead National Forest. 

Continued analysis and planning of the state's outdoor recreational areas 

is occupying the time and efforts of geographers and economists at 

Auburn University, but nowhere, at present, is there any apparent 

research into individual tourist sites other than parks taking place. 

One of the best models for analysis of a tourist attraction is the 

one offered in 1966 by George F. Deasy and Phyllis R. Griess in the 

Annals of The AAG. Their article, "Impact of a Tourist Facility on Its 

Hinterland" is very helpful in providing a framework for comparison of 

data.10 Anyone interested in looking for a research topic would be well 

advised to apply the Deasy-Griess model to a specific site in Alabama. 
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The geography of tourism in Alabama is a research field that offers 

numerous opportunities. It is essential to the state that increasing 

research into leisure time expenditures be made to provide data for 

intelligent planning. It is only through foresight and planning that 

the state can derive maximum economic benefit from its present and 

potential tourist attractions. 
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A BRIEF METHOD OF MEASURING CONCENTRATION OR DISPERSION 

By David Icenogle 

Department of Geography 

Auburn University 

INTRODUCTION 

The discovery and analysis of temporal and spatial trends in the dis¬ 

tribution of population has always been one of the more important research 

areas in the field of population geography. The measurement of the amount 

of concentration, nucleation, dispersion, or scattering of population 

could be a significant contribution by population geographers to demo¬ 

graphic technique. Several measures of population nucleation and/or dis¬ 

persion have been previously devised (1). Unfortunately, these techniques 

commonly are dependent upon specific and sophisticated forms of census or 

other data which may be unavailable or inappropriate to the problem under 

consideration. 

However, a means of measuring the degree of concentration or disper¬ 

sion of a population may be devised by making use of the concept of a 

core area of dense population and a peripheral zone of sparse population, 

and using the most elementary types of data. The concept of core and 

periphery as used in this paper is perhaps rather similar to the concept 

of ecumene and non-ecumene. The ecumene has been defined as ". . .the 

portion of the state that supports the densest and most extended popula¬ 

tion and has the densest mesh of transportation lines." (2) 

The eore area is defined in this paper as the smallest contiguous 

area which can contain one-half of the population of the study area, and 

conversely, the periphery or non-ecumene is the largest area which con¬ 

tains one-half of the population. The periphery need not be contiguous. 

METHODOLOGY 

The following procedures are used to map the location of the popula¬ 

tion core and to calculate the index of concentration. First, a map on 

which the population density per square mile is indicated on each areal 

unit is constructed. In addition, data for the total population of the 

area are needed. Beginning with the area of greatest population concen¬ 

tration, for example, Jefferson County in Alabama, one develops the core 

area by incorporating successive areal units of the highest population 

density which are contiguous to the areas already incorporated into the 

high population density core. A tally is kept of the cumulative popu¬ 

lation total of the core area as well as a tally of the area in square 

miles of the units incorporated into the core. When the population 

tally of the densely-populated core equals one-half of the population 

of the study area, logically the other one-half of the population is 

located in the sparsely populated peripheral areas. The next step is to 

calculate the population density of both the core and the periphery. 

Isolated areas of high population density within the periphery, as well 

as sparsely populated exclaves within the high-density core are disregarded 

in calculating the final index of concentration, since the comparison 
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between the population density of the core and the population density 

of the periphery is the essential factor. 

In brief formula form, an index of concentration or dispersion in 

which a completely dispersed population equals an index of 100 (core and 

periphery are the same size and the same population), and in which the 

index of a completely concentrated population equals zero, would be 

written thus: 

pdp 

- x 100 = Index of Concentration 

pdc 

In which pdp equals the population density of the periphery, and pda 
equals the population density of the core. It may be seen that this 

formula could be used not only in studies of human populations, but also 

with other data having areal distribution on a civil division basis, such 

as industrial or agricultural production. 

AN APPLIED EXAMPLE 

An example of the use of such a basic index for both diachronic and 

regional population comparisons is give in the following presentation 

of changes in the degree of population concentration in the states of 

Mississippi, Alabama, and Georgia over the half-century between 1920 and 

1970. Figures 1 and 2 and Tables 1 and 2 summarize the major results of 

this study. 

It is well known that the results of any statistical study based on 

census enumeration districts are strongly biased by the variations in the 

sizes of the census districts. Frequently the source of bias is removed 

by the fitting of equal-area geometrical units in place of the unequal- 

area census units. Most often hexagonally-shaped areas have been used for 

this purpose (3). However, in the present case it was felt that the vari¬ 

ation in the size of the areal units (counties) was not great enough to 

require rectification except in the case of the state of Georgia. For 

the purposed of this paper, Georgia's 159 small counties were paired to 

form 80 quasi-counties, averaging 727 square miles each. Alabama has 67 

counties, averaging 759 square miles each, and Mississippi has 82 counties, 

averaging 578 square miles in area. The 30% variation in the average 

size of the areal units utilized in this study is not considered seriously 

to affect the results of the study. 

There were significant changes in the number of counties constituting 

the contiguous core population areas between 1920 and 1970. In Missis¬ 

sippi the number of counties contained in the densely-populated core 

decreased from 32 in 1920 to 27 in 1970. In Alabama the change was from 

24 counties in 1920 to only 16 in 1970, and in Georgia the number of 

counties in the core areas decreased from 58 (29 quasi-counties) in 1920 

to only 38 (19 quasi-counties) in 1970. 

Examination of Tables I and II will illustrate that Mississippi had 

the most dispersed population of the three states studied, with indices 

of 72.5 in 1920 and 54.0 in 1970. The concentration of population 
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in Mississippi in 1970 was only slightly greater than Alabama was in 1920 

(54.0 and 51.0), and slightly less than Georgia's was in 1920. To a 

considerable degree, this is because Mississippi has not developed a 

metropolitan center comparable to either Alabama or Georgia. 

In Mississippi the population density of the core area per square 

mile increased from 47.6 in 1920 to 66.3 in 1970, an increase of 39 per¬ 

cent, but the population density of the peripheral area increased by only 

about four percent during the fifty-year period. More significant, how¬ 

ever, is the almost complete reversal in the location of Mississippi's 

population core area, illustrated by Figures 1 and 2. In 1920 it was 

centered in the Delta area, but be 1970 there had been a definite shift 

of population towards the southern parts of the state. 

Georgia and Alabama show little movement of the core areas between 

1920 and 1970, their population cores being firmly centered on the Bir¬ 

mingham and Atlanta metropolises at both periods. However, both states 

showed significant contractions of the sizes of the core areas during the 

fifty-year time span. In Alabama the size of the core area containing 

one-half of the population of the state decreased from 17,159 square 

miles in 1920 to 11,941 square miles in 1970, for a 30 percent decrease 

in size. At the same time, the population density of the core increased 

from 68 to 143 persons per square mile, or an increase of 210 percent. 

This resulted in a change in the population index for Alabama from 51.0 

in 1920 to 30.9 in 1970. 

For the state of Georgia the core area decreased from 18,864 square 

miles in 1920 to 11,681 square miles in 1970, equivalent to a 37 percent 

decrease in the size of the population core. The population density of 

the core area of Georgia increased from 77.4 per square mile in 1920 to 

196.8 per square mile in 1970, which was an increase of 254 percent. This 

resulted in a drop in the concentration index from 47.4 in 1920 to 25.0 

in 1970. This means that in 1970 fifty percent of the population of 

Georgia was concentrated on about twenty percent of the state's land area. 

CONCLUSION 

In conclusion, the index of population concentration or dispersion 

presented in this paper would be of value as a measure of concentration 

especially for areas in which sophisticated data are lacking. As illustra¬ 

ted in this paper, the index may be used for both historical and inter¬ 

regional comparisons. It could also be used to measure the concentra¬ 

tion of quantitative phenomena other than population, such as various 

types of economic data. 

FOOTNOTES 

(1) Clarke, John I., Population Geography, London: Pergamon Press, 1965, 

pp. 28-44; Houston, James M., A Social Geography of Europe, London: 

Duckworth and Company, 1963, pp. 82-85. 

(2) Whittlesey, Derwent, The Earth and the State, New York, 1944, p. 2. 
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(3) Robinson, A. H., Lindberg, J. B., and Brinkman, L. W., "A Correlation 

and Regression Analysis Applied to Rural Farm Population Densities 

in the Great Plains" Annals of the Association of American Geogra¬ 

phers, Vol. 51, pp. 211-221, 1961. 

TABLE 1 

POPULATION CONCENTRATION IN 1920 

ITEM MISSISSIPPI ALABAMA GEORGIA 

Land Area^ 47,358 50,851 58,197 

Population 1,790,618 2,348,174 2,895,832 

Population 

Density 38.6 45.8 49.3 

Core Area^ 18,778 17,159 18,664 

2 
Core Density 47.6 68.6 77.4 

Peripheral 

Areal- 28,580 33,692 39,533 

Peripheral 

Population 896,255 1,171,268 1,451,962 

Peripheral 

Density^ 34.5 L
O

 
-D

'- 

C
O

 

36.7 

INDEX OF 

CONCENTRATION 72.5 51.0 47.4 

It 2 
In square miles. '-persons per square mile. 

Source: United States Bureau of the Census, Fourteenth Census of 
United States, 1920. Volume 1: Population. Washington, 

1921. 
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TABLE 2 

POPULATION CONCENTRATION IN 1970 

ITEM MISSISSIPPI ALABAMA GEORGIA 

Land Area'*' 47,358 50,851 58,197 

Population 2,216,912 3,444,165 4,589,575 

Density^ 46.8 67.7 78.9 

Core Area-*- 16,229 11,941 11,681 

Core Population 1,102,524 1,717,700 2,298,710 

2 
Core Density 66.3 143.8 196.8 

Peripheral 

Area-*- 31,129 38,910 46,516 

Peripheral 

Population 1,114,388 1,726,465 2,290,865 

Peripheral^ 

Density 35.8 44.4 49.2 

INDEX OF 

CONCENTRATION 54.0 30.9 25.0 

"'"In square miles. persons per square mile. 

Source: United States Bureau of the Census, Census of Population, 
1970. Volume I: Characteristics of the Population. 
Washington, 1973. 
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NOTES ON SOME AQUATIC OLIGOCHAETES 

FROM ALABAMA 

Michael S. Loden 

Department of Zoology-Entomology* 

Auburn University 

Auburn, Alabama 36830 

ABSTRACT 

Sixteen species of aquatic oligochaetes are reported from Alabama. 

These represent three families and eleven genera. This material is com¬ 

pared with previous records from other southeastern states. Environ¬ 

mental factors, including current, dissolved oxygen, and substrate, which 

were associated with naidid species, are reported. 

INTRODUCTION 

Few records of the occurrence of aquatic oligochaetes in Alabama have 

been reported. Brinkhurst (1964, 1965), Harman (1966), Harman and Platt 

(1961), and Tafaro (1967) reported several species from the southeastern 

states but none from Alabama were included in their collections. 

The environmental requirements of the family Naididae is a subject 

about which very little is known. Attempts were made to correlate cer¬ 

tain factors with the localities where species reached their greatest 

abundance. 

The majority of the oligochaetes listed in this paper were collected 

as part of the research for a thesis for the degree of Master of Science 

at Auburn University. Collections were made during 1972 and 1973. 

METHODS 

Oligochaetes were collected by several methods. Ekman dredge sam¬ 

ples were taken from several ponds on the Auburn University Fisheries 

Research Unit. Qualitative samples which consisted of bottom material, 

submerged leaf litter, leaves of submersed aquatic plants, filamentous 

algae, and other substrates were taken from additional ponds and streams. 

The separation of the worms from the collected material was performed 

visually by placing the samples in shallow porcelain pans. Whole-mount 

microscope slides of worms were prepared. Mounting media were Amman's 

lactophenol and Turtox CMC-10. 

*Present Address: Aquatic Control, Inc., P.0. Box 100, Seymour, 

Indiana 47274. 
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Naididae and Aeolosomatidae were identified using the keys provided 

by Brinkhurst and Jamieson (1971). Comparisons were made with descrip¬ 

tions in Brinkhurst and Jamieson, Brinkhurst (1964), and Harman (1966). 

Tubificidae were identified using the keys by Brinkhurst (1965, 

1968). Specimens were compared to descriptions by Brinkhurst and Jamie¬ 

son (1971) and Brinkhurst (1965). Since whole-mount slides were made, 

some anatomical details of the reproductive organs were not observed. 

Representatives of each species are in the possession of the author. 

RESULTS 

Aeolosomatidae 

This family is no longer considered in the Class Oligochaeta (Brink¬ 

hurst and Jamieson, 1971). 

Aeolosoma hemprichi Ehrenberg. Lee County, Auburn University Arbor¬ 

etum Pond; Escambia County, Conecuh River, 3 mi. S. of Pollard. 

This species has been reported from Louisiana, Mississippi, Tennessee 

and Arkansas. 

Tubificidae 

Lirmodrilus hoffmeisteri Claparede. Lee County, Pond S-3 and Farm 

Pond 1, Fisheries Research Unit of the Auburn University Agricultural 

Experiment Station; Parkinson's Mill Creek, tributary of Chewacla Creek, 

4.5 mi. S. of Auburn. 

This species is the most common tubificid (Brinkhurst, 1965). It 

was reported from Louisiana by Tafaro (1967). Specimens were found in 

bottom samples from most of the sites sampled, but reached their greatest 

abundance in an organically polluted site on Parkinson's Mill Creek. 

Litmodrilus claparedeianus Ratzel. Lee County, Farm Pond 1, Auburn 

University Fisheries Research Unit. 

Tafaro (1967) reported this species from Louisiana. 

Aulodrilus pigueti Kowalewski. Lee County, Auburn University Arbor¬ 

etum Pond. 

Brinkhurst (1965) reported this species from Georgia. 

Tubifex tubifex (Muller). Lee County, Auburn University Arboretum 

Pond. 

Brinkhurst (1965) reported that this species occurs in most states, 

and that it is uncommon outside polluted localities. 

Ilyodrilus terrrpletoni (Southern). Lee County, Pond S-3 and Farm 
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Pond 1, Auburn University Fisheries Research Unit; Auburn University 

Arboretum Pond. 

This species has been reported from Georgia, North Carolina, South 

Carolina, and Virginia (Brinkhurst, 1965). 

Naddddae 

Nads eldnguds Muller. Lee County, Moore's Mill Creek, tributary of 

Chewacla Creek, 4.5 mi. S. of Auburn; Parkinson's Mill Creek, tributary 

of Chewacla Creek, 6.5 mi. SSW of Auburn. Escambia County, Conecuh 

River 3 mi. S. of Pollard. 

This species has not been recorded previously from the Southeast. 

Specimens of this species were collected in drift nets and from 

attached algae in the streams in Lee County. In Escambia County, spec¬ 

imens were collected from submerged logs near the bank of the Conecuh 

River. 

Nads vardabdlis Piguet. Lee County, Farm Pond 1, Auburn University 

Fisheries Research Unit; Moore's Mill Creek, tributary of Chewacla Creek, 

4.5 mi. S. of Auburn. 

This species is reported from Louisiana and from the Savannah River, 

Georgia/South Carolina (Brinkhurst, 1965). 

Individuals were abundant on the submerged leaves of Myrdophyllum 
brasdldense Cambessedes in Farm Pond 1, In Moore's Mill Creek several 

specimens were collected from shallow, quiet areas where the green alga 

Spdrogyra sp. was present. 

Nads pardalds Piguet. Lee County, Moore's Mill Creek, tributary of 

Chewacla Creek, 4.5 mi. S. of Auburn. 

This species has been reported from Tennessee (Brinkhurst, 1964). 

One specimen was collected in a stream drift sample. 

Sty tarda fossulards Leidy. Lee County, Farm Pond 1, Auburn Univer¬ 

sity Fisheries Research Unit; Moore's Mill Creek, tributary of Chewacla 

Creek, 4.5 mi. S. of Auburn. 

This species has been reported from Tennessee, Florida, and the 

Savannah River, Georgia/South Carolina (Brinkhurst, 1964). 

This was the most abundant species of oligochaete among the submerged 

leaves of Myrdophyllum brasdldense Camb. and Utrdcularda sp. in the 

shallow regions of the pond from which specimens were collected. It 

was present among attached algae in the calm shallow areas near the 

edge of Moore's Mill Creek. 

All specimens collected had a distinct green coloration throughout 
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the body but lost it in culture conditions. This may have been due to 

the assimilation of photosynthetic pigments from ingested algae. 

Dero (Dero) digitata Muller. Lee County, Pond S-6 and Farm Pond 1, 

Auburn University Fisheries Research Unit; Moore's Mill Creek, tributary 

of Chewacla Creek, 4.5 mi. S. of Auburn; Escambia County, Conecuh River, 

3 mi. S. of Pollard. 

This species has been reported from Mississippi, Virginia, and Tenn¬ 

essee (Harman, 1966). 

This species was abundant in bottom samples from the ponds. In one 

pond it was the only oligochaete collected. In the stream habitats it 

was present among submerged leaf litter and decaying plant material. 

Dero (Aulophorus) furoatus (Muller). Lee County, Farm Pond 1, 

Auburn University Fisheries Research Unit; Farm pond near Smith's Station; 

Macon County, Cat Swamp at Hwy. 1-85, 3.5 mi. NW of Tuskegee. 

Harman (1966) reported this species from Mississippi, Georgia and 

Texas. 

In Farm Pond 1 individuals of this species were found in tubes of 

plant material among the submerged leaves of aquatic plants. In Cat 

Swamp this species had constructed portable tubes from Wolffia sp. which 

had been cemented together. In the pond near Smith's Station, individuals 

were present near the periphery of the jelly mass of Pectinatella magni¬ 
fied Leidy. 

Chaetogaster diaphanus (Gruithuisen). Lee County, Pond J-2 and 

Farm Pond 1, Auburn University Fisheries Research Unit; farm pond near 

Smith's Station. 

Brinkhurst (1964) reported this species from the Savannah River, 

Georgia/South Carolina. 

Specimens of this species were found among the submerged leaves of 

aquatic plants in Farm Pond 1. In the inlet to Pond J-2 specimens were 

collected from colonies of Plwnatella repens (Linnaeus). In the pond 

near Smith's Station individuals were present in the jelly mass of 

Pectinatella magnified. 

In culture conditions when one individual was touched with a metal 

probe, it crawled up the side of the container, ingested a bubble of 

air and, buoyed up by the bubble in the digestive tract, crawled along 

the underside of the surface film. This action in response to a mechan¬ 

ical stimulus is not known to have been previously reported. 

Individuals collected averaged 5 mm in length. The setae of II 

were 170-250 y long. 

Chaetogaster langi Bretscher. Lee County, Farm pond near Smith's 

Station; Escambia County, Conecuh River, 3 mi. S. of Pollard. 
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This species has been reported from Virginia and Tennessee (Brink- 

hurst, 1964). 

Specimens were collected from the jelly mass of Pectinatella mag- 
nifica in the Smith's Station pond. Those from the Conecuh River were 

present on submerged logs. 

All the specimens were small (1-2 mm). The prostomium was obtuse 

and without sensory hairs. The setae of II were 75-90 y in length. 

Pristina longiseta leidyi Smith. Lee County, Auburn University 

Arboretum Pond; farm pond near Smith's Station. 

Harman (1966) reported this species from South Carolina, Georgia, 

Louisiana, Texas, Tennessee, and Mississippi. 

Specimens from the Arboretum Pond were present among the decaying 

plant material in shallow water. Individuals from Smith's Station were 

associated with Pectinatella magnifica. 

Pristina aquiseta Bourne. Lee County, farm pond near Smith's Station. 

Harman (1966) reported this species from Arkansas and Mississippi. 

These specimens were found in the jelly mass of Pectinatella mag¬ 
nifica. 

This species has a number of variations in characters. The ventral 

setae of the specimens examined were similar to the Mississippi material 

described by Harman, with one exception: the enlarged setae were in IV 

rather than V. The hairs were without visible serrations. There were 

one hair and one bifid needle per dorsal bundle. The needle teeth were 

equal and diverging. 

DISCUSSION 

Certain environmental factors appeared to be correlated with the 

presence of certain species of Naididae. The main factors correlated 

with the presence or absence of the different species in different hab¬ 

itats appeared to be the dissolved oxygen concentration, current, and 

substrate. (Table 1) 

Stylaria fossularis appeared to prefer a high oxygen concentration 

in water which was standing or had very slight current. Worms of this 

species were present in greatest numbers among the submerged leaves of 

aquatic plants very near the surface of Farm Pond 1. Specimens of this 

species were also found associated with Spirogyra sp. in calm, shallow 

water near the edge of Moore's Mill Creek. 

Dero digitata was found only in locations with little or no current, 

but also in areas of low oxygen concentrations. Specimens were collected 

near the thermocline in one pond, and were abundant at the bases of 
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plants and from the bottom in another. In streams individuals were pre¬ 

sent among accumulations of leaf litter. Pristina longiseta leidyi and 

D. digitata were found among decaying vegetation in one pond. The 

presence of respiratory pigments in both of these species may account 

for their presence in low oxygen situations. 

Nais variabilis, another inhabitant of quiet water, was collected 

with S. fossularis near the edge of a small stream. In ponds, however, 

individuals were present in greatest numbers at depths intermediate 

to those occupied by the majority of individuals of S. fossularis and 

D. digitata. 

Nais elinguis has been reported to be tolerant of organic pollution 

(Brinkhurst, 1971). Individuals of this species were the only naidids 

collected from the zone of recovery from organic pollution of Parkin¬ 

son's Mill Creek. This species was present in other moving water 

habitats; specimens were collected from logs in the Conecuh River and 

from attached algae and associated hydropsychid nets in riffle areas of 

Moore's Mill Creek. None were found in standing water situations. 

Water meal, Wolffia sp., which covered the surface of the water in 

a swamp, was the site of a large population of D. (Aulophorus) furaatus. 
Portable tubes constructed of these plants allowed members of this 

species to float beneath the surface of the water. 

The jelly mass of the ectoproct Pectinatella magnifiaa provided 

a substrate which supported a wide diversity of naidids. The worms 

reached their greatest abundance in burrows within 10-15 mm of the peri¬ 

phery. The jelly mass apparently furnished protection from predation. 

Older burrows were lined with algae. 

Table 1 - Environmental conditions associated with populations of 

common naidid oligochaetes in Alabama. 

Species Current Dissolved 

oxygen 

Substrate 

Nais elinguis medium low-high attached algae, wood 

N. variabilis low-none medium-high plants, algae 

Chaetogaster 
diaphanus 

low high bryozoans, plants 

Dero (Dero) 
digitata 

low-none low bottom decaying 

vegetation 

D. (Aulophorus) 
furaatus 

none medium Wolffia, plants 

Pristina longiseta none low decaying vegetation 

Stylaria fossularis low-none high plants 
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RUSSIAN POLICY, 1880-1896 
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The essential problem of the pre-World War I foreign policy of the 

Social Democratic Party of Germany (SPD) is whether it actually ever had 

one. The notion (disseminated by Max Cohen1) that it did not is false. 

The genesis of this misconception derives from the theoretical dichotomy 

of a class state and a revolutionary proletarian party consecrated to its 

overthrow. Yet the facts belie this Marxist stereotype. Many years be¬ 

fore the outbreak of the great war, the SPD had achieved a systematic 

approach to the grand policy of the Second Reich. However, it is also 

trut that the evolution or emergence of the party's foreign policy was 

for long as sluggish as a lowland river. The progression from sterile 

negation to architectonic proposals was retarded by the endemic hostility 

of a large part of the German Socialists towards Prussia, the private 

preserve of the Junkers. 

Socialist animosity towards the Hohenzollern kingdom dates back to 

the Austro-Prussian War of 1866, when William Liebknecht and August Bebel 

had agitated for an alliance between Austria and the German secondary 

states against a Prussia that was variously linked to a reactionary 

Russia.2 In their efforts to raise the masses against Prussian aggran¬ 

dizement and against the whole feudal-patriarchal camp, Liebknecht and 

Bebel had been backed by Marx and Engels.3 The two former leaders had 

opposed Bismarck's program of territorial consolidation and had championed 

the existing polycentrist states system (Kleinstaaterei) as the acropolis 

of Germanic liberties.4 

By contrast, the Lassallean General German Workers' Association 

(ADAV), led by Johann Baptist von Schweitzer, had evinced sympathy for 

Bismarck's external program and had contended that it was in the inter¬ 

est of the German working class to eradicate the Kleinstaaterei. 5 Un¬ 

like Schweitzer, who as a German patriot had, in the crisis of 1866, 

conceded the primacy of foreign policy, or Engels, whose views were 

determined by changing prospects of world revolution, Bebel and 

Liebknecht had viewed the war from the internal standpoint.7 When it 

had ended, however, Bebel, at least, had had the common sense to endorse 

the conclusion of Marx and Engels that Prussia's victory would benefit 

the German proletariat by transforming the former Junker-bureaucratic 

Prussia into a component of a landlord and predominantly bourgeois 

North German Confederation.0 This sanguine perspective had encouraged 

Bebel in the North German Reichstag to abstain from, rather than reject, 

the government's request for war credits during the first phase of the 

Franco-Prussian War.9 In 1870 the Lassalleans had, for their part, again 

patriotically denounced the foe of Prussia.10 

Almost all German Socialists had accepted the view that the founding 

of the Second Reich would promote the rise of the bourgeoisie and afford 

broader scope for working class political action, both of which were 
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prerequisites for the advent of socialist society. Reconciliation with 
the Reich had also been encouraged by the universal belief that only a 
strong Germany could guarantee physical protection against a French 
desire for revenge.11 The merger of the Lassalleans and Bebel's Eisen- 
achers in 1875 at Gotha had introduced a strong nationalist element into 
the new Social Democratic Labor Party (SDAP) and paved the way for an 
understanding of the problems of national security. Unfortunately, a 
formidable obstacle had still barred the way to a modus opercmdi with 
the imperial government: Bismarck's continuing flirtations with hated 
Russia and his collaboration with her in suppressing the Poles. After 
enactment of the Anti-Socialist Law in 1878, by which the Social Demo¬ 
crats were cast into the outer darkness of illegality, it had been for 
some years impossible for the leaders of the SDAP to think unemotionally 
about foreign policy. 

Notwithstanding these impediments, public opinion gradually forced 
the leaders of the SDAP to abandon their previously unrealistic, wooden 
posture towards national defense. A four-fold growth in the electoral 
following of the SDAP-SPD12 between 1878 and 1891 aroused such hopes of 
ultimate victory through popular majority support as to effect a marked 
change in Socialist attitudes towards security. The overthrow of Bis¬ 
marck and the restoration of the legal status of the SPD aided the devel¬ 
opment of the party into a genuine mass movement, and this was the pre¬ 
condition to the emergence of a Socialist national perspective on foreign 
policy aims. Socialist leaders concluded that the SPD's traditional rev¬ 
olutionary Ostpolitik, which had been directed to the forcible overthrow 
of the tsarist empire, no longer afforded real security to the German 
people, because France was moving towards alliance with Russia. 

Not until the SPD discarded its emphasis upon a revolutionary and 
emancipatory offensive against Russia and passed over to a defensive 
strategy against her imperialist purposes did it become possible for 
the party to develop a realistic approach to the "tsarist menace." Only 
then was the party able to adopt, if not the form, at least the spirit 
of Bismarck's concept of "limited liability." In the later 1890's 
this expressed itself in terms of substituting the English for the 
former Russian partner. The SPD revealed itself to be the first party 
on the Wilhelmine stage to understand that Germany was simply not strong 
enough "simultaneously to oppose vital interests of both Russia and 
Britain" and that, if need be, "the bear and the whale" could get to¬ 
gether.13 Thereafter, the SPD sought to remove every obstacle to an 
entente with Great Britain. Putting its implacable Russophobia more 
narrowly in the service of the Reich, which it equated with European 
civilization, the SPD by 1896 emerged as the first political party to put 
itself on record as opposing the building of a high seas battle fleet 
(Sohlachtftotte). A great navy. Socialist leaders thought, would only 
alienate Great Britain and make impossible that Anglo-German alliance 
which could range the Reich with the majority in the rivalry among the 
Great Powers. 

As long as the Triple Alliance (Dreibund) had dbminated the European 
states system, the SPD had taken refuge in the belief that the Reich was 
secure. In the late 1880's Bebel had thought that the best hope of 
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averting war lay in a self-sufficient alliance among Germany, Austria- 

Hungary and Italy.14 In this combination there was no room for Bis¬ 

marck's nostaligic efforts to maintain a liaison with the all but cast¬ 

off Russian mistress. 

The new Dreibund orientation of Socialist policy hardly differed 

from that which after 1890 was pursued by Chancellor Leo von Caprivi and 

his eminence grise, Fritz von Holstein. The importance of this policy 

is, however, that it was a national, rather than a class, policy. As 

such it could not fail to appeal not only to the old Lassallean but to 

the new petty bourgeois reformist elements that were flocking to the SDAP 

in increasing numbers.15 The imperceptible nationalization of the party, 

encouraged by the advent of "state socialism" in Germany, eventually led 

the SDAP to assign priority to the "defense of fatherland" over "class 

war" and "revolution." 

By the late 1880's August Bebel, by then the "generalissimo" of the 

Social Democratic masses, had come to entertain contradictory tenets. 

He was convinced that the existing economic order, burdened with huge 

military expenditures, hamstrung by deepening class conflict, and jolted 

by recurring economic crises, was verging on a catastrophe, a "great 

collapse" (Kladderadatsch). 16 On the other hand, he had also come to 

regard the Second Empire as a shield protecting the proud accomplish¬ 

ments of the German proletariat and the unique commanding position of the 

SDAP in the international labor movement. Devoted, like almost all of 

the prominent comrades of the SDAP, to eminently Western ideals of right, 

justice and freedom Bebel may have clenched his fist, but he had kept 

it in his pocket. From Right to Left in the party, from Frohme and 

Geiser to Kautsky and Bernstein, almost all of the tribunes had come to 

realize that for all of its inadequacies the Second Empire was "the half 

loaf" that was better than none. As the Palladium of institutionalized 

liberties, universal suffrage and social insurance, the Reich had to be 

defended against the challenge of semi-barbarous Russia, given the fact 

that she posed a real threat. 

Marx and Engels had predicted, even encouraged, war with Russia,17 

whose depotism recalled Tamerlane's Khanate and whose imperialist am¬ 

bitions imperilled the cumulative cultural treasures of European civil¬ 

ization. From war they had expected the overthrow of the Romanov 

dynasty and the liberation of both the Russian masses and minority na¬ 

tionalities. 1 8 From the Russian revolution they had further expected 

shock waves to issue which would cause the existing European social and 

economic order to subside in ruins.19 Bebel had for some time linked his 

great Kladderadatsch, which might bring the Socialists to power non- 

violently, with the volcanism of a Russian revolution or a general war— 

or both. 0 In this connection he had in 1881 spoken of the "ineluctable 

nature of events and of the approaching catastrophe."21 

Social Democrats had anathematized Bismarck for his courtship of 

Russia and saw in the League of Three Emperors not the guarantor of 

general peace, which it assuredly was, but only the shackle that kept 

Poland enslaved. Entente, for them, as for Engels, had meant that Prussia 

"would be soldered to Russian policy and be unable to make a decisive 
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break with its feudal-patriarchal absolutism."22 As the spokesman of the 

party delegation in the Reichstag, Bebel in 1880 had already given an 

intimation that under certain circumstances the Social Democrats would 

support a war effort against Russia. He had declared that the greatly 

increased appropriations in the new Septennat,involving heavy indirect 

levies on the masses, would be justified only if an isolated Germany had 

to face a Russo-French combination.23 

If Socialist leaders were not, in the early 1880's, intimidated by 

the specter of Pan-Slavism,24 it was because of two things: they did 

not believe that Russia was at that time financially able to wage war; 

and they were fairly sure that Austria-Hungary and Turkey, each for its 

own Russophobic reasons, would support the Reich in any hostilities 

against the colossus of the East. 5 Notwithstanding these pledges of 

security, Bebel had told the Reichstag that in case of war his comrades 

wanted Germany to be in a position "to put armies in the field second to 

none in the world."26 Clearly, the SDAP had advertised it was, if worse 

came to worst, prepared to defend the independence and territory of the 

Reich against aggression.27 German Socialist delegates to the Wyden, 

Switzerland convention in August 1880 had corroborated this impression 

when they unanimously rejected the Berlin anarchists' condemnation of 

Bebel's declaration in the Reichstag that he expected the Social Demo¬ 

crats to join all other parties, in case of war, to drive the foe from 

German soil. 2 0 

Between 1884 and 1885 Bebel began to transfer his hopes for a "great 

collapse" resulting from a Russo-German war to a breakdown of the cap¬ 

italist system.29 Fear of the next war, which he thought would attain 

such dimensions as to enrail not only the collapse of the class state 

but of everything else, led him to re-examine the party's Ostopolitik. 30 
For his aggressive, revolutionary posture towards tsarist Russia was now 

substituted an almost paranoiac dread of "half-barbaric, despotic Russia, 

. . . the one danger to the peace of Europe."31 Decisively influenced 

by Bebel's new defensive perspective, the Social Democratic Workers' Party 

now almost wholly subordinated Polish independence to considerations of 

the security of the fatherland and no longer advocated a free Poland on 

its own merits.32 Similarly, the cause of Balkan nationalism was also 

abandoned. Bebel, Kautsky, Bernstein, Vollmar and Auer (but not Lieb- 

knecht) refused to support any independent Balkan confederation, a terri¬ 

torial guarantee of which might embroil Austria-Hungary and Germany in 

hostilities with Russia.33 

Increasingly obessed with the conviction that the next war would be 

one of universal annihilation, Bebel and Liebknecht, the foremost Social¬ 

ist foreign policy spokesmen, sought comfort in the reflection that, not¬ 

withstanding the Boulanger and Balkan crises, Russia's finances were in 

such a chaotic state that she would not be able to wage war for some 

years to come. Although Germany had no fear of Russia alone, the pos¬ 

sibility of a two-front war haunted every German. Thus Bebel worried 

lest the French, who had been permanently antagonized by the annexation 

of Alsace-Lorraine, vigorously support a Russian advance in the Balkans, 

which would set all Europe aflame. 5 Neither he nor any other leading 

Social Democrat at this time was much concerned about the dangers of 
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colonialism and imperialism,36 except for the possibility that they 

might give a new lease of life to capitalism and postpone the "great 

collapse." What Bebel was really concerned about was that in response 

to a Russian advance in the Balkans the German masses might very well 

conclude, as Karl Grillenberger put it in 1887 in the Reichstag, that 

"a war of defense had been thrust upon Germany, which would have to 

fight for survival against powerful external foes."37 

The Socialist campaign against the Russian menace became increas¬ 

ingly vituperative as SDAP leaders became certain that the government of 

the tsar was maneuvering to unleash the French army against Germany's 

western frontier while Russia concentrated on destroying the Dual Mon¬ 

archy. In a situation where Bismarck refused to play the role of a new 

Barbarossa, Bebel appointed himself the champion of all those agglom¬ 

erating forces that contemplated Russian machinations with panic. In 

late 1889 he told the Reichstag: 

If we have a hereditary enemy, it is not France but Russia — 

that barbaric land . . . which by reason of its inherent nature 

is bent on conquests in western Europe, that Russia which, due 

to its geographic position, is forced to try to expand westward 

and is simultaneously seeking to acquire mastery over the Black 

and Mediterranean seas and the Baltic as well.3 

To take out insurance in the East, Bebel in two articles in the same 

year argued that to block Russian designs upon Memel and the lower Vis¬ 

tula, the German government should seek to rebuild Poland, the natural 

buffer against Russian attack,39 and that a beginning should be made by 

granting autonomy to the Poles of Prussia.40 

With the ineluctable approach of the Franco-Russlan alliance, Bebel 

convinced himself that the Great Powers would never permit the destruction 

of Germany by France and Russia. In any case Austria-Hungary and Italy 

would side with the Reich in war against those states: "The great power 

position of Germany in the present European concert is just as necessary 

for the existence of Italy and Austria as, conversely, the great power 

positions of Austria and Italy are for Germany."41 At this time Bebel 

also thought that "in case of war England would, at very least, have to 

be benevolently neutral towards us," 2 and he wrote to Engels in 1888 

that with this "Germany will to all intents have won the war; militarily 

she will be able to handle France and Russia."43 

Bebel's solution to the Russian menace did not at the close of the 

Bismarckian era go beyond passive containment. He was content with re¬ 

liance upon the insurance of the Drei-bund. Feeling that Russia could 

not attack and Germany would not, he castigated Russian imperialist aims, 

while asserting that the Triple Alliance, the best pledge of German secu¬ 

rity, was practically indissoluble: 

Russia, whom the Right has delighted to depict as the hereditary 

friend of Germany, especially of Prussia, has, on the contrary, 

from earliest times . . . done everything to interfere in the 

internal affairs of Germany and systematically to maintain the 
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division and fragmentation of this country. . . In keeping 

with the vastness of its size and nature, Russia must now see 

to it that some day it acquire not only Turkey and hegemony 

over the Black Sea and the Bosporus and ultimately over the 

Mediterranean, but it must also strive to transform the Baltic 

into a Russian sea, which would only be possible if the Ger¬ 

man Baltic provinces were to fall into Russian hands.4** 

As long as this situation persists, I am convinced that no 

statesman in Austria, Italy or Germany can entertain the 

thought of seceding from this alliance, because if he did he 

would be exposing his country to grave danger. . . . 45 

Bebel's evident disposition at this time to regard all Europe and Tur¬ 

key,1*6 exclusive of France, as a monolith in the path of Russian imperi¬ 

alism was shared by Wilhelm Liebknecht.47 

Operating from faulty premises, Bebel was led by this prevailing 

attitude in Socialist circles to deny to Great Britain even a passive 

role in wartime: 

Gentlemen, it is obvious that England, whose Mediterranean 

interests are diametrically opposed to those of France and 

Russia, will not remain benevolently neutral, even though 

she might at the outset declare neutrality.1*8 

Doubtless the attitude of Socialist leaders was fundamentally paci¬ 

fic. It was inspired by the hardening belief that although general war 

would overthrow both the tsarist and Bismarckian empires, 9 it would, as 

Engels had predicted, "mean losses for our movement throughout Europe 

and in many countries even destroy it. . .so that after the war we 

would have to begin all over again. . . ."50 Yet in the event of a 

Russian attack upon the Reich the Social Democrats were duty-bound to 

rally to the defense of the fatherland. Bebel himself, in minor dis¬ 

agreement with Engels but in accord with the imperial government, be¬ 

lieved that "everything Russia has done ... to arm herself. . . is di¬ 

rected as much towards an offensive as a defensive war."51 He further 

believed that the general misery of the Russian masses as well as the 

chaotic state of tsarist finances might be the very things that would 

compel Russia to launch a military offensive at once:52 "For me," 

said Bebel, "it is clear that Russia will attack as soon as she can, and 

I am convinced that Russia will strike first and France will follow."53 

At the Erfurt Convention of the SPD in 1891 Bebel accordingly 

affirmed the duty of defense of country and declared that in the event 

of a Russian attack the Social Democrats "would be even more interested 

than the rulers of the Reich in resisting Russia," because Russian occu¬ 

pation of German soil would be "the biggest obstacle to all our endeavors 

and . . . would mean the ruin of Social Democracy."54 Georg von 

Vollmar, the Bavarian Socialist leader, who at Erfurt ostentatiously 

unfurled the banner of reformism, spoke in virtually identical terms: 

Just as everyone else, I, too, recognize the peril emanating 
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from Russia. Should war come, the Social Democrats . . . would 

dedicate their whole strength to eliminating this fearful in¬ 

cubus, this dreadful menace that rests not only upon the Reich 

but upon our party too.55 

These affirmations were a recognition of the truth that only by concretely 

demonstrating its love of country could the SPD expect to have a future.56 

The delicate reforms instituted by the Caprivi government and the 

spreading depression of the years 1890-93 gave the chancellor the oppor¬ 

tunity to draw the middle classes and the proletariat closer behind the 

government. Since the leaders of the SPD were certain that a general 

war would inevitably be protracted and bleed the adversaries white,57 

the former were disposed to endorse the government's peaceful foreign 

policy, which was essentially one of drift. SPD leaders abandoned all 

thought of toppling the tsarist regime by overt military attack, even if 

this meant the indefinite postponement of the demise of the European 

landlord-capitalist order. 8 Instead, the party chieftains tried to 

refute the very idea, still privately entertained by Bebel,59 of the 

nearness of hostilities.60 

As it appeared that all predictions that war would come within a 

matter of months, or at best a year or two, had been figments of the 

imagination, the SPD resumed its domestic offensive against militarism.61 

Socialist leaders vigorously opposed increased military outlays, such as 

were contained in the ministry's formidable budget of November 23, 1892, 

not only because they thought there was now no demonstrable need for such 

increases, but also because military outlays, representing more than 

eighty percent of the national budget, rested like "a boulder" on the chest 

of the German working class.62 At the Berlin Convention it was unanimous¬ 

ly resolved by the assembled Socialist delegates in 1892 that the exist¬ 

ing military system was "incapable of guaranteeing the security of Ger¬ 

many against external attack but instead constitutes a standing threat to 

international peace. . . ,"63 Enlarging on this theme before the Reich¬ 

stag the following year, Bebel argued against increases in armaments 

because under existing circumstances, with Russia economically in no 

position to go to war, the Dreibund afforded adequate protection against 

a Franco-Russian threat.6** 

Understandably, Bebel did not want to rock the boat. At this junc¬ 

ture in the fortunes of the party, war could not serve its purposes half 

as well as peace. The times were auspicious. The repeal of the Anti- 

Socialist Law in 1890, the departure of the "grim Hagen", Bismarck, the 

sharp gains of the SPD in recent parliamentary elections, and the oppor¬ 

tunities that the emeror's "New Course" opened up for constructive 

legislative work were all calculated to foster the expectation that, 

given prolonged peace, the Social Democracy would eventually rally a 

national majority to its standard. No authoritative Socialist leader 

wanted to compromise this shining prospect by dragging Germany into a 

war either to liberate the Russian masses or check tsarist imperialism. 

However, despite Bebel's ostentatious display of trust in the Tri¬ 

ple Alliance, his confidence was really waning fast. Before the Military 
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Committee of the Reichstag, he had privately said that the international 

situation had so far deteriorated that it "must sooner or later lead to 

a European war in which Germany would have to battle for survival," and 

in that event Germany and Austria-Hungary, at least, would have to oppose 

the Russian drive in the Balkans. Should the Dual Alliance emerge vic¬ 

torious, he said, "Germany would be crushed; she would lose the left 

bank of the Rhine and her Baltic provinces; then the Balkans, together 

with Constantinople, would fall like a ripe fruit into Russia's lap." 

The curious complacency that had characterized Bebel's earlier atti¬ 

tude towards the predicament of the fatherland began to vanish by 1893. 

He ceased to believe that England and Italy would out of identity of 

interest with the Reich convert any Russo-German war into a global one 

rather than acquiesce in the suppression of Germany.66 He now averred 

that England and Turkey would only interfere in a continental war after 

Germany had been beaten to her knees.67 Confronted with a Franco-Russian 

alliance, declared Bebel,". . . Germany may be crushed between two mighty 

foes and eliminated from the ranks of the Great Powers." The conclusion 

was inescapable that the fatherland "must at any cost find allies who. . . 

will be able to enter the war with the greatest possible chances of 

victory."68 

Pending a ministerial gambit towards Great Britain, the only one of 

the six great European powers still uncommitted, Bebel, Liebknecht, and 

Singer clutched at straws. They pretended that the nations, weighted 

down with huge debts and deficits, simply could not go to war.68 Bebel 

proposed a multilateral disarmament pact and establishment of an inter¬ 

national court of arbitration.70 He denounced the Sexennat (which passed 

the Reichstag, 198-127, on July 13, 1893) on grounds that military in¬ 

creases would provoke French and Russian chauvinists to demand increases 

too.72 SPD heads also admonished Caprivi and his successor. Prince zu 

Hohenlohe-SchillingsfUrst (1894-1900), to endeavor to bind the Poles to 

Germany with garlands of friendship so that they would not desert to the 

Russians in time of war.73 

A main strategem of the Social Democrats was now to put as much buf¬ 

fer territory as possible between Russia and Germany. To this end they 

propagated the notion that the Poles were "the natural allies of Germany 

and Austria" and would in the face of Russian invasion "voluntarily rise 

up against the might of the tsar.74 To this end, too. Socialist spokes¬ 

men advanced the argument that the Habsburg Empire was the great rock 

that barred the way to Russian penetration of the Balkans and central 

Europe. "Every step that Russia takes forward in the Balkan peninsula," 

wrote Bebel, "is a thrust at the heart of Austria."75 

The defeat of the Hohenlohe ministry's anti-rebellion (Umsturz) bill 

in 1895 enabled the SPD to focus more attention upon vital issues in the 

areas of imperialism, navalism and Wettpotitik. Under Bebel's clever 

guidance, the party moved resolutely towards adopting the first practi¬ 

cable alternative to Bismarck's Russian connection or Caprivi's policy of 

drift, both of which by then had failed. 

The obsession of William II and Admiral Alfred von Tirpitz with 

Weltmaehtpolitik alarmed the entire Socialist press.76 However, Socialist 
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leaders were aware of the strong popular current in favor of colonialism 

and the "white man's burden." Accordingly, since they could not bang on 

all the keys of Grosse Politik simultaneously, they generally played 

pianissimo on the colonial theme.77 They thus hoped to win understanding 

for their unyielding opposition to the construction of a high seas battle 

fleet (Sohlaohtflotte), which they believed was an altogether unnecessary 

risk. Bebel, Liebknecht, Auer, Kautsky, Singer, Mehring, Schippel, Cunow, 

Vollmar and Bernstein, irrespective of their stand on revisionism or 

colonialism, strove to unmask the purposes of vested capitalist interests 

which were unwittingly forcing Germany into the path of a typhoon.78 The 

party leadership now heavily stressed the potentially fatal consequences 

of German Flottenpolitik, which was distracting the gaze of the government 

from Europe where its map of the world ought to have been, and was inviting 

Russian aggression at several points in Eurasia.79 

Convinced that the Kaiser's Weltmaohtpolitik must entail a rapid 

deterioration of Germany's diplomatic position, Bebel in an extremely 

powerful speech before the Reichstag in 1896 sharply criticized William II, 

Hohenlohe and Foreign Secretary Baron Adolf Marschall von Bieberstein for 

grievous errors in grand policy. After disclosing his dismay over the 

foolish, or even malicious, initiative of the kaiser's Kruger telegram, 

which "betrayed a desire to provoke England,"80 Bebel assailed the Reich 

government for having in the final stage of the Sino-Japanese War jilted 

Austria and Italy and German's "half-ally", England, just to range itself 

on the side of its foes, France and Russia.81 "We are," said he, "follow¬ 

ing in the wake of Russia, which is the most fateful and perverse thing 

that can happen to us,"82 considering that it was only a matter of time. . . 

till Germany will be forced to wage a life or death struggle against 

Russia."83 Pointing out that the Romanov empire had in recent years achieved 

a territorial expansion that was "unparalleled in the annals of European 

diplomatic history,"84 he proposed—the first parliamentary leader to do 

so—that Germany ally itself with England: 

Gentlemen, ... if we are to be given a choice between England 

and Russia, plainly we would prosper far more in association 

with the former than with the latter. . . Russia has damaged 

our relations with Austria, Italy and England. . . England is 

momentarily isolated. But I fear that. . . a perceptible iso¬ 

lation of Germany has also set in, which is far worse.85 

Asserting that the 30,000,000 marks increase for naval construction, con¬ 

tained in the budget for 1897-98, would be so much gold thrown into the 

sea, Bebel demolished the illusions upon which the project of a high seas 

battle fleet rested. The most dangerous of these was that England would 

sue for Germany's friendship rather than deal a preemptive strike against 

her Sohlaohtflotte. Germany was a land power and would never be able to 

"defray the huge additional expense that would be required to tip the 

scales decisively on the seas against a first class naval power." 

Finally, he said: 

Gentlemen, I see no serious difference that would prevent Ger¬ 

many and England from collaborating. Germany has the best army 

on the European mainland; England, the largest navy in the world. 

An England and a Germany allied with each other would be a com¬ 

bination against which no other power or group of states could 

prevail.8 7 
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Axiomatic to the new English orientation of the SPD, endorsed by 

such leaders as Singer, Liebknecht, Auer, Bernstein, Kautsky, David, 

Schippel, and Bebel, and the party majority,88 was the conviction that 

Russian expansion must be halted before the tsarist empire came to weigh 

upon Eurasia like an incubus. It is this attitude that entitles the 

anti-naval, pro-English posture of the SPD to be dignified as Realpolitik. 
The incessant Socialist criticism of the idea of a big navy, always 

dismissed by Marschall von Bieberstein, Tirpitz, Bulow and Admiral 

Hollmann as being without foundation, was motivated by the fear that a 

SehZachtfZotte would conjure up another foe in a corner where there once 

had been a friend and at a time when Italy was obviously moving away 

from Austria-Hungary and the Dreibund. 88 

Social Democracy's inchoate foreign policy was neither,as East Ger¬ 

man historians maintain,80 dictated by Marxist notions, nor by stereo¬ 

typed programmatic declarations. Rather,it was inspired by a national¬ 

istic and pro-Western determination to fortify the position of the Reich 

on the supposition that it was the best available champion of the liberties 

of the German masses and the cultural values of European civilization 

against the threat posed by Russian "barbarism." German Socialist leaders 

may have disagreed among themselves as to the proper tactic to pursue to¬ 

wards global imperialist and colonial programs. Yet all SPD leaders were 

united in the verdict that Russian aggression posed a mortal peril that 

could only be exorcised by bold measures. In that category, for example, 

was Bebel's suggestion in 1899 that Germany seek entrance to the English 

house through the back door of alliance with Japan.91 

Bebel's foreign policy proposals had the undeniable merits of being 

limited, liberal and continental. If the imperial government had imple¬ 

mented them, they would have postponed general war for many years. They 

would also have liquidated the awful liabilities generated by Flotten- 
politik und Weltmaahtpolitik. The alternative to Rebel's recommendations 

was national ruin, and most Socialist leaders understood this. Thus 

Vollmar wrote in 1900: "If Germany will not be the coadjutor of England, 

she will have to stand alone against the assault of Russian imperialism,"82 

Unfortunately for the Reich, the influence of the SPD over governmental 

policy-making was minimal. This was because the party stood in unalterable 

opposition to the class state and would assume few of the duties of a 

responsible political organization. Accused with considerable justice of 

waiting for state and economic order to trip and break their necks, the 

Social Democrats were regarded by other parties with grave suspicion. The 

"Vaterlandslosengesellen"therefore, were powerless to impart to the 

imperial government the sense of urgency they felt in international affairs. 

Unable to detach the Hohenlohe and Bulow ministries from the fallacious 

assumption that the material interests of Britain would in wartime compel 

her to support Germany against Russia,82 the "shadow emperor" of the Ger¬ 

man workers was seized with despondency. Sensing the approach of a Battle 

of Doomsday, Bebel wrote: "in the next war we shall be lucky to keep 

what we now have. We ourselves. . . shall have to pay the war costs and 

may count ourselves fortunate if worse is not visited upon us."81* 
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6 7 

Letter of Bebel to Engels, February 11, 1893, BBE, No. 256, 662. 

See also the letter of Engels to Bebel, February 9, 1883, MEW, XXXIX, 

No. 16, 28-9 and 554 n. 44. 

6 8 

Bebel presented this conclusion in his speech of December 29, 1892 

in Zurich: Rede im Kasino Zurich III, 1892, Bundesarchiv Koblenz, File 

1/90-4 (12), 36-7. 

6 9 
Bebel, Die Sozialdemokratie im deutschen Reichstaq 1871 bis 1893, 

pp. 450-1. 

7 o 

VR, 9th leg. per., 2nd sess., 6th meeting, Vol. I (November 27, 

1893), 108; see further, letter of Bebel to Engels, February 28, 1893, 

BBE,No. 259, 670. 

7 1 

See Max Schippel, Sozialdemokratisches Reichstagshandbuch (Berlin, 

n. d.), p. 903 for details on the Sexennat debate. 

72 

Bebel's speech in VR (November 27, 1893), pp. 108-9. See also 

Liebknecht's speech in ibid., and his articles in Vorwarts: "Gegen Krieg 

und Militarismus," April 1, 1894; and "Der Militarismus," March 13, 1895. 

It should be noted, however, that by the mid-nineties Liebknecht's author¬ 

ity in the party had greatly waned, that he was under general attack for 

his biased editorship of the Vorwarts, not least of all by Engels (See his 

letter to Liebknecht, November 24, 1894, LBME, No. 231, 395-7), and that 

in the sphere of Socialist views on foreign policy he was far less im¬ 

portant than Bebel, Singer, Grillenberger, Auer, or even the suspect 

leader of the reformists, Vollmar. See Gerhard A. Ritter, Die Arbeiter- 
bewegung im Wilhelminischen Reich. Die Sozialdemokratische Partei und 
die freien Gewerkschaften 1890-1900 (Berlin-Dahlem 1963), p. 93. 

7 3 

See "Zur Polenfrage," Vorwarts, August 3, 1894; and October 2, 1894; 

and "Finis Poloniae," ibid., October 24, 1895. 

7 4 
"Zur Polenfrage," ibid., August 3, 1894. Only a tiny group of 

left-Socialists opposed sacrificing the Polish masses to their reactionary 

landlord-nobility merely for the sake of erecting "a buffer state against 

Russian barbarism." Letter of Ignaz Auer, Secretary of the SPD's CC, 

to Karl Kautsky, July 23, 1896. Nachlass Kautsky, IISG, File 224, No. 4/2. 

76 

See Nikolai Ovtscharenko, "Zur Herausbildung der aussenpolitischen 

Konzeption der Sozialdemokratie im Kampf gegen die imperialistische 

'Weltpolitik' an der Wende vom 19. zum 20. Jahrhundert," in Marxismus 
und die deutsche Arbeiterbewegung. Studien zur sozialistischen Bewegung 
im letzten Drittet des 19ten Jahrhundert, ed. by Die deutsche Akademie 

der Wissenschaften (East Berlin, 1970), p. 531; and Antoni Czubinski, 

Stanowisko Socialdemokracji Niemieckiej wobec Polityki Kolonialneji II 
Rzeszy w Latach 1876-1914 (Poznan, 1966), pp. 126-33. The Hohenlohe 

government, of course, retreated before the imperious will of Tirpitz and 

the emperor. See Eckart Kehr, Schlachflottenbau und Parteipolitik 1894- 
1901 (Berlin, 1930), pp. 25-6; J.C. Rohl, Germany without Bismarck: The 
Crisis of Government in the Second Reich, 1890-1900 (Berkley, Calif., 

1967). pp. 227-9; and Manfred Rauh, Foderalismus und Parlamentarismus im 
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Wilhelminischen Reich. Beitrage zur Geschichte des Parlamentarismus und 

der politischen Parteien, Vol. 47 (Dusseldorf, 1972), pp. 220-21. 

77 

Vollmar was the first Social Democrat to regard the acquisition 

of colonies by Germany as inevitable and, while advising his party to 

make the best of the situation, stress the civilizing mission of the 

Reich in Africa. See his speeches in VR, 8th leg. per., 1st sess., Vol. 

I (May 12, 1890), 45; and ibid.., 9th leg. per., 3rd sess., Vol. II 

March 18, 1895), 1568. Although eventually in the first decade of the 

next century Bernstein, Eduard David, Max Schippel, Wolfgang Heine, Hein¬ 

rich Peuss, and Gustav Noske also came to condone imperialism and colon¬ 

ialism, the majority of Social Democratic leaders followed the line of 

Bebel, who criticized abuses in colonial administration, fiscal liabil¬ 

ities resulting from ownership of colonies, and exploitation of the 

natives. Bebel also rejected the argument that secure sources of over¬ 

seas raw materials and world markets were of vital importance to the 

German workers. See H.-C. Schroder op, cit., pp. 184-5; Pierre Angel, 

Eduard Bernstein et l'Evolution du Socialisms Allemand (Paris, 1961), 

p. 166; and Erwin Dorzbacher, Die deutsche Sozialdemokratie und die 
nationale Machtpolitik bis 1914 (Gotha, 1920), pp. 72-4. See further the 

editorials in Vorwarts: "Weltpolitik," January 31, 1896; "Italien, 

Afrika und der Sozialismus," March 15 and 17, 1896; and Bebel's speeches 

in VR, 9th leg per., 4th sess., 59th meeting, Vol. II (March 13, 1896), 

1430-39; ibid., 60th meeting (March 14, 1896), pp. 1467-72; ibid., 61st 

meeting (March 16, 1896), pp. 1500-01; ibid., 62nd meeting (March 17, 1896), 

pp. 1523-24; ibid., 10th leg. per., 1st sess., 53rd meeting, Vol. II 

(March 10, 1899), 1437-39; and ibid., 54th meeting (March 11, 1899), 

1471-72. Years later at the Stuttgart Congress (1907) of the Second 

International Bebel, too, finally conceded that "under certain circum¬ 

stances colonial policy could be a civilizing work" (Compte rendu anal- 
ytique du VII3 Congres socialists international, tenu a Stuttgart, du 16 
au 24 aout 1907 ^Brussels, 19087, pp. 216-17). 

7 8 
Ovtscharenko, loc. cit., pp. 547-8; and Erich Matthias, Die deutsche 

Sozialdemokratie und der Osten, 1914-15. Eine bbersicht (Tubingen, 

1954), p. 5. 

7 9 

E.g., see Bebel's speech in VR, 9th leg. per., 3rd sess., 64th 

meeting, Vol. II (March 19, 1895), 1580-85; and "Weltpolitik," Vorwarts, 
January 31, 1896. 

8 ° 

VR, 9th leg. per., 4th sess., 39th meeting, Vol. II (February 13, 

1896(, 940. 

Ibid., P- 942. 

82 

Ibid., P- 943. 

8 3 

Ibid., P- 942. 

8 4 

Ibid., P- 944. 

8 5 

Ibid. 

86 Ibid., P- 945. 
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8 7 Ibid. 

88Milorad Drachkovitch's asseveration that Bebel's "ideas, and espec¬ 

ially the tactic he prescribed for the party, were reflected in the entire 

conduct of the latter" may be applied with certainty to the English orienta¬ 

tion he espoused. See Drachkovitch, Les sooialismes franoais et allemand 
et le probleme de la guerre, 1870-1914 (Geneva, 1953), p. 261. 

89See "Die innere Lage in den Staaten des Dreibundes," Vorwarts, 
June 15, 1895; "Die Dreibund Krisis," ibid., July 5, 1896; and Bismarcks 

Indiskretionen," ibid., November A, 1896. Bebel’s pilot assaults upon 

proposed naval increases are in VR, 4th sess., 59th meeting, Vol. II 

(March 13, 1896), 1430-9; ibid., 60th meeting (March 14, 1896), 1467-72; 

ibid., 61st meeting (March 16, 1896), 1486-94; ibid., 5th sess., 70th 

meeting, Vol. Ill (March 26, 1898), 1787-91; ibid., 10th leg. per., 1st 

sess., 6th meeting, Vol. I (December 15, 1898), 89-104. Liebknecht's 

major relevant speech is in ibid., 9th leg. per., 5th sess., 7th meeting, 

Vol. Ill (April 27, 1898), 1981-5. 

90See Gesehichte der deutsohen Arbeiterbewegung, ed. by the Institut 

fur Marxismus-Leninismus beim ZK der SED, Kapitel III (East Berline, 1966), 

pp. 147 and 173. 

91See VR, 10th leg. per., 1st sess., 120th meeting, Vol. IV (Decem¬ 

ber 12 12, 1899), 3323. Bebel's newest concept was formulated the day 

following the introduction into the Reichstag by von Billow, the State 

Secretary for Foreign Affairs, of a new bill, containing sharply increased 

allocations for the navy (Rauh, op. oit., p. 226) which conservative 

agrarian interests were expected to support in return for high tariffs on 

grain imports (Kehr, op. oit., pp. 196-9). 

92Vollmar, "Der russische Imperialismus und Deutschlands China-Aben- 

teuer," NZ, XIX (1900-01), 235. 

"interestingly enough, the English Socialist H. M. Hyndman had 

written to Bebel in 1896 that there was nothing permanent about Anglo- 

Russian antagonism: "The mistake that I think your statesmen have made 

is supposing that England must fight Russia because of conflicting inter¬ 

ests in Asia. This is not so. We can come to terms with Russia. . . ." 

See Hyndman's letter to Bebel, February 14, 1896. Nachlass Bebel, IISG, 

File 110/1-2. 

9''VR, 9th leg. per., 5th sess., 8th meeting, Vol. I (December 11, 

1897), 159. 
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INDUSTRIAL HARDWOOD RESEARCH IN NORTHERN ALABAMA 

Gordon White 

Champion International Corporation 

Decatur, Alabama 

INTRODUCTION 

Northern Alabama is situated in the transition zone between the central 

and southern hardwood forest types. The many species present the forester 

with many problems in management and regeneration, which in turn present 

the forester with many unique challenges. The USDA-Forest Service publi¬ 

cation "Important Trees of Eastern Forests" lists the following commercial 

species: five conifers, three maples, two ash, four hickories, three lo¬ 

custs, three elm, nine red oaks, two gums, and five white oaks plus walnut, 

persimmon, sassafras, mulberry, sycamore, tulip-poplar, basswood, black 

birch, sugarberry, cottonwood, and black cherry - a total of forty-nine 

species. With this array of species, not all were equally valuable and 

useful at the time the forest was cut. This resulted in a system of selec¬ 

tive cutting or commercial high-grading over a period of many years. This 

cutting practice created a host of silvicultural problems including poor 

stocking, unbalanced species mix and, often, domination of the forest site 

by scrubby undesirable trees and shrubs. Had these forests been clear-cut 

of all culls and residuals over four to five feet in height, Alabama hard¬ 

wood forest would be productive today. But Alabama hardwood forests are 

not productive! The 1971 USDA-Forest Service Survey shows our hardwood 

forests to be producing only fifty-one cubic feet per acre per year - about 

sixty percent of the estimated potential. Maximum growth requires a fully 

stocked forest, and Alabama's hardwood forests are only thirty-five per¬ 

cent stocked. 

BASIS FOR HARDWOOD RESEARCH PROGRAM 

Since 1962, more than 1,000,000 acres of Alabama hardwood forests have 

been converted to non-wood producing uses. This reduction of the hardwood 

forest base and Champion International's need for 1,400 tons of hardwood 

fiber per day is the basis for our hardwood research program. 

Our investigations include ways and means to utilize more of the ex¬ 

isting fiber, economical methods of regeneration and increased growth of 

the present resource. 

The bulk of our hardwood forests are inherently slow-growing upland 

oak-hickory. For some of these areas, conversion to pine is the only 

economic alternative. Sites capable of growing pine most profitably must 

be identified and converted to pine. The most productive hardwood sites 

must also be identified and a decision made whether to regenerate by 

natural means or plantations. Research and observations have shown that 

the only way to successfully regenerate naturally to desirable species is 

a system of complete clear-cutting. This involves removal of all culls and 

residuals above four to five feet in height. 
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RESEARCH STUDIES 

Our most immediate need on areas suitable for clearing and planting 

is to determine what species to plant in a given environment. To provide 

this information, we have established nine species-site studies on a total 

of thirty-five acres of representative upland and bottomland areas. Each 

study plot contains five rows of ten or more trees of various species 

replicated four times. The center row is the measurement row. All studies 

include loblolly pine as a common denominator, the standard for fiber 

production in the south. Test species included are sweetgum, sycamore, 

green and white ash, tulip poplar, black birch, cottonwood, water oak, 

cherrvbark oak, and exotics such as bigtooth aspen, European black alder, 

paulowia, tree of heaven and Oregon red alder. All species were hand- 

planted at eight-by-eight foot spacing, cultivated one growing season and 

fertilized at age two with four ounces of nitrogen, two ounces of phos¬ 

phorous and two ounces of potassium. One year-old stock with a minimum 

root collar of 1/A was used. 

All species except tree of heaven, paulownia, Oregon red alder and the 

oaks ranked equal to or better than loblolly pine for survival and growth 

on most sites at the end of the first growing season. A final assessment 

will be made after four growing seasons. These test will enable us to 

match species to site, compare survival and growth, and provide us with a 

measure of species compatibility on a given site. 

Plantations of hardwoods on the correct site with proper post-planting 

cultural treatment will out-produce a natural forest over a shorter time- 

span. The initial site preparation and post-planting cultural treatment 

is an extremely expensive capital investment which must be recovered as 

soon as possible. Planting the correct species on the proper site will 

produce maximum volume and shorten this recovery period. 

TREE IMPROVEMENT 

Genetically improved trees can increase productivity over unimproved 

trees by fifteen to twenty percent over a tree crop rotation. Therefore, 

we are involved in a hardwood selection and breeding program. This involves 

selecting phenotypically superior trees from natural stands, collecting 

scion material and placing it in a clone bank or seed orchard for later 

use. This preserves the desirable genes in the event the parents are lost 

to disease, insects, fire or logging. Eventually, the selected trees will 

be progeny-tested and interbred to capture and improve the qualities of 

each individual parent. To date we have made selections for sycamore, 

ash, black alder, black walnut, sweetgum and northern red oak. 

AGRI-FORESTRY 

Past efforts to plant hardwoods have nearly always failed because pine 

planting techniques were used, (e.g. minimal site preparation, non-control 

of competing vegetation, and a complete disregard for seedling source and 

size). Hardwoods are different than conifers and must be handled differ¬ 

ently. We know successful hardwood plantations require site preparation 

comparable to that needed for agricultural crops, large seedlings, correct 
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source of seed, the best genetic stock, and post-planting cultural treat¬ 

ment, including cultivation and fertilization. Both survival and maximum 

productivity are dependent on all these steps. Such operations result 

in large capital expenditures which must be compounded at six to eight 

percent annually over a crop rotation. 

LEGUMES AS FERTILIZER AND WEED INHIBITOR 

To reduce these capital costs we are investigating various legumes 

as a means of controlling weed competition, thus eliminating cultivation 

costs, and as a source of nitrogen for growth stimulation. Trials include 

crimson, yuchi, and Mississippi clovers, and nova and hairy vetch. The 

criteria for legume selection were dense cover, low profile, heavy reseed¬ 

ling, high nitrogen fixation capability, and cool-season growth that would 

not compete with the tree for moisture and nutrients. First year results 

in a 3-year sycamore plantation on a Decatur upland soil show a height 

increase over control of 286 percent for hairy vetch, 257 percent for crim¬ 

son clover, 264 percent of yuchi clover, 243 percent for nova vetch and 

260 percent for Mississippi clover. Weed suppression has been satisfactory. 

Although the initial cost for percent height-gain is higher than fertilizer, 

the cost of cultivation is eliminated, and commercial fertilizers continue 

to increased in cost and shortages are common. These facts make the use 

of legumes appear quite attractive. 

SYCAMORE RESPONDS TO FERTILIZATION 

To evaluate response and costs of fertilizer application we have in¬ 

stalled a study in a three-year sycamore plantation on an upland site. 

Treatments include nitrogen, phosphorous, and potassium in the following 

rates and combinations per acre: 1) 100 lbs nitrogen, 2) 100 nitrogen = 

50 lbs phosphate + 50 lbs potassium, 3) 200 lbs nitrogen, 4) 200 lbs nitro¬ 

gen 5) 400 lbs nitrogen + 100 lbs phosphate + 100 lbs of potassium, and 

6) control. First-year response gave a 300 percent increase in height 

over control for treatment 5 (400 lbs nitrogen + 100 lbs phosphate + 100 

lbs potassium). Treatment 1 (100 lbs nitrogen) resulted in a 250 percent 

increase in height and the cost for percent of increase would indicate 

this treatment to be the best treatment in terms of costs and response. 

ALTERNATIVES TO UPLAND OAK - HICKORY STANDS 

Most native upland hardwood stands are inherently slow-growing. Al¬ 

ternative species being investigated include such exotics as European 

black alder, tree of heaven, paulownia and eucalyptus, or the substitution 

of native bottomland species which are inherently fast-growing. Such 

bottomland species include sycamore, green ash, water oak, and black birch. 

Evidence is available that various sources (families) of the same species 

perform differently in different environments, and by trial and error we 

may find individuals that will out-produce oak and hickory on upland sites. 

These studies are mother-trees from a range of sites. The progengy are then 

tested on various sites and the winners used for future planting. 

Of the exotics, European black alder appears to be the most promising 

in planting trials. Planted on an upland site, this species varied from 
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16 feet to 24 feet in height and 2 to 4 inches in stump diameter at the 

end of the third growing season. Wood quality tests have shown black alder 

to possess considerable variation in specific gravity, moisture content, 

cell-wall thickness and cell length. This means we have considerable 

flexibility for genetic manipulation. From our planting we have selected 

17 superior individuals for breeding purposes. If crosses are successful, 

the progeny will then be tested on various sites. 

Several species of eucalyptus show promise because of their adapta¬ 

bility to wide site variations, and their extremely fast growth rate. The 

major difficulty with eucalyptus is its susceptibility to cold - especially 

to extreme temperature fluctuations common to northern Alabama. Numerous 

sources and species are being tested for cold hardiness and surviving 

candidates will be used as breeding stock. 

Other studies include growth and yield of native stands, thinning 

studies, pulping studies, and provenance tests. Obviously, a program of 

this magnitude cannot be done by a single individual or organization. 

Champion International is most fortunate to have the cooperation of various 

state universities, the Tennessee Valley Authority, and the U.S. Forest 

Service. 

CONCLUSION 

We have barely scratched the surface in our hardwood research program, 

but already these activities are generating information to better the 

management of our hardwood resource. 

Species-site studies have determined that several of the exotics are 

not suitable for northern Alabama, that European black alder, sweet gum 

and sycamore are the most productive on many of our sites, and cultivation 

and fertilization can produce a pulp crop in 10 to 15 years. 

Fertilization and legume studies have indicated that sycamore does 

respond dramatically to nitrogen. The various combinations and rates did 

provide an answer for the most profitable rate and combination on an 

upland sycamore plantation. As a result, 80 acres of sycamore were opera¬ 

tionally fertilized this past year. 

European black alder appears to be the most promising of the exotic 

trees tested thus far. On some sites it is superior to native-tree species 

Perhaps more significantly, these early studies point up the need for 

additional studies of other exotics and trials under operational conditions 
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APPENDIX 

List of Common and Scientific Names 

Aspen, Bigtooth 

Alder, Oregon red 

Alder, European black 

Ash 

Birch, black 

Cherry, black 

Cottonwood 

Elm 

Hickory 

Maple 

Oak 

Paulownia 

Persimmon, common 

Pine 

Sassafras 

Sugarberry 

Sweetgum 

Sycamore 

Walnut, black 

Yellow-poplar 

Populus grandidentata 

Alnus rubra 

Alnus glutinosa 

Fraxinus, sp. 

Be tula nigra 

Prunus serotina 

Populus deltoides 

Ulmus, sp. 

Carya, sp. 

Acer, sp. 

Querous, sp. 

Paulownia tomentosa 

Diospyros Virginia 

Pinus, sp. 

Sassafras albidum 

Celt is laevigata 

Liquidambar styraciflua 

Platnus oooidentalis 

Juglands nigra 

Liriodenchren tulipifera 
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A COMPARISON OF METHODS FOR CLASSIFYING LONGLEAF PINE 

STANDS ON A PLANT INDICATOR SPECTRUM 

Earl J. Hodgkins 

Department of Forestry 

Auburn University 

INTRODUCTION 

A "plant indicator spectrum" for the longleaf pine (Pinus palustris 
Mill. J forest of southwestern Alabama is presented in Table 1. The devel¬ 

opment and testing of this plant indicator scale has been previously re¬ 

ported (Hodgkins 1961, 1970). The basis for the scale was the association 

of understory species with site index1 of longleaf pine, but the final 

arrangement of species as given also reflects soil moisture regime, rang¬ 

ing from the most xeric at species-position 1 to the most hydric at species- 

position 24. 

In using the plant indicator spectrum or scale in the past for esti¬ 

mating the,site index of any one plot or stand, a mean "species position" 

for the plot was found in Column 2 (Table 1) and the corresponding site 

index read from Column 3. The mean species position for the plot was sim¬ 

ply the collective mean position of all the indicator species present on 

the plot. In calculating the collective mean position of all the indicator 

species present, each individual indicator species was subjectively 

weighted using a "cover degree-abundance" scale (Table 2). Thus if Plot 

"X" contained Comus florida (species-position "8") with a cover degree- 

abundance of "2", Andropogon tener (species-position "12") with a cover 

degree-abundance of "4", and Liquidambar styraciflua (species-position 

"16") with a cover degree-abundance of "1", its mean species position would 

be 

(8x2) + (12x4) + (16x1) = 11.4 

2+4+1 

and the corresponding site index estimate (Table 1, Col. 3) would be 76 

feet. In one geographic area, where there was a minimum of thick, droughty 

topsoils, the correlation coefficient for site indexes calculated in this 

way against actual tree site indexes was 0.913; in a second area, where 

about half of the plots had thick, droughty topsoils, the correlation 

coefficient was only 0.556, although significant (Hodgkins, 1970). It 

was found that the plant indicator scale underestimated longleaf site 

index where there was thick, droughty topsoil, with corrected estimates 

having to be based partially on the physical factors of the soil and the 

topography. 

This system of predicting longleaf site index by means of the plant 

indicator spectrum worked quite well for the author and his students. 

1Site index is defined here as the average height in feet of the 

dominant stand at age 50 years. 
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Table 1. Plant indicator spectrum for longleaf pine 

Species 

Queraus laevis Walt. 

Chrysobalanus oblongifolus L. 

Queraus inaana Bartr. 

Tephrosia virginiana (L.) Pers. 

Queraus stellata 
v. margaretta (Ashe) Sarg. 

Ceanothus americanus L. 

Sahrankia miarophylla 
(Dryander) Macbr. 

Cornus florida L. 

Queraus marilandioa Muenchh. 

Queraus falaata Michx. 

Queraus stellata Wangenh. 

Andropogon tener (Nees.) Kunth. 

Axonopus afinis Chase 

Prunus serotina Ehrh. 

Sorghastrum nutans (L.) Nash 

Liquidambar styraaiflua L. 

Ilex glabra (L.) A. Gray 

Nyssa sylvatiaa Marsh. 

Queraus nigra L. 

Rhexia spp. L. 

Magnolia virginiana L. 

Arundinaria teata (Walt.) Muhl. 

Aronia arbutifolia (L.) Ell. 

Xyris spp. (Gronov.) L. 

Species Longleaf 

position site index 

1 

2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

61 

63 

65 

67 

69 

71 

73 

75 

77 

79 

81 

83 

85 

83 

81 

79 

77 

75 
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except for the limitation as explained. For general use, however, it had 

the obvious disadvantage of being partially dependent on subjective esti¬ 

mates of cover degree-abundance. Subjective estimates, made through the 

use of such scales as Table 2, are often inaccurate, and there is apt to 

be overall inconsistency between different workers (Gemborys 1966). The 

advantage of the subjective estimate is of course the rapidity of acquiring 

the data, and therefore the low cost. 

Although the plant indicator spectrum (Table 1) was designed for use 

with the cover degree-abundance scale (Table 2), it was felt nevertheless 

that the former could be used for site index prediction of longleaf pine 

without the use of subjective estimates and with little or no accompanying 

increase in time or cost. One possibility involved the substitution of 

quadrat frequency weightings of indicator-species positions for the cover 

degree-abundance weightings. The hypothesis here of course is that frequency 

weightings are of the same order as cover degree-abundance weightings 

for the indicator species. A second possibility involved the use of species 

presence only, with no weightings at all of the position numbers of the 

plant indicator species present. (In the example for Plot "X" above, the 

plot mean species position would be with a corresponding 

8+12+16 = 12, 

3 
site index of 77 feet.) The hypothesis here is that the cover degree- 

abundance weightings add little or nothing to species-presence alone when 

finding an average indicator-species position for a plot or stand. This 

paper reports the results of tests of these two hypotheses. 

PROCEDURE 

In each of 30 longleaf stands in southwestern Alabama, the plant 

indicator species were inventoried in accordance with each of two pro¬ 

cedures. The first procedure involved a careful subjective notation, for 

each species present, of a cover degree-abundance value from Table 2. The 

area used for this determination was variable between stands, but always 

at least 1 acre (0.4047 ha) per stand.2 

After the "subjective" inventory was completed, the second procedure 

was applied to the same area. This involved a frequency inventory taken 

from 30 systematically spaced milacre3 quadrats. Systematic spacing rather 

than random spacing was necessary in order to make the frequency procedure 

competitive time-wise with the cover degree-abundance procedure. 

2It should be noted that the effect of plot size on the number of 

species is not a pertinent factor in this study. A mean position among 

a limited number of indicator species is being sought, not the number 

of species. Furthermore, the minimum plot size of 1 acre was always vastly 

larger than the plot size for the flattening point on a species-area curve. 

31 milacre = .001 acre or .00045 ha. The square quadrat is 6.6 x 6.6 ft. 

or 2.012 x 2.012 m. 
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Table 2. Cover degree-abundance scale used in study. 

Scale value Description 

0 The species is absent. 

1 Must hunt. Of erratic occurrence and appar¬ 

ently only one, two, or three in the plot area, 

or only one small patch. 

2 Can see from one place by looking intently, 

and can see readily by moving around. If in 

patches, must move around to find the patches. 

Less than 5 per cent cover. 

3 Abundant, easily seen from one place but less 

than 5 per cent cover. 

4 Abundant. 5-25 per cent cover. 

5 25-50 per cent cover. 

6 50-75 per cent cover. 

7 75-100 per cent cover. 
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The systematic spacing seemed statistically sound in that the individuals 

of any one indicator species invariably appeared to be randomly distributed. 

At each quadrat, each indicator species having foliage within the quadrat 

was tallied as present. From this tally, frequency was computed for each 

species (quadrats stocked divided by total quadrats) which appeared in one 

or more of the quadrats. 

The mean position of each stand on the plant indicator spectrum 

(Table 1) was then calculated by each of three methods. The first method 

consisted of calculating a weighted mean position using the cover degree- 

abundance ratings for the individual species as the weights. In the second 

method, an unweighted mean position on the indicator scale was found using 

species presence alone from the cover degree-abundance listing. The third 

method consisted of calculating a weighted mean position on the indicator 

scale using the quadrat frequency ratings for the individual species as 

the weights. The first and second methods have already been illustrated 

in the previous calculations for Plot "X". For the third method, simply 

substitute quadrat frequency values for the cover degree-abundance values 

in the first method. 

COMPARISON OF THE METHODS 

The best testing of the three methods used for obtaining the mean 

position of each stand on the plant indicator spectrum would have been 

the correlation of each respective set of corresponding site indexes against 

actual tree-site indexes. However actual tree site indexes were not esti¬ 

mated for these plots because of the considerable expense involved and 

because at least half of the plots did not have suitable tree stands for 

estimating tree-site index. Instead of testing against tree-site indexes, 

the plan called for testing the two new methods for obtaining mean stand 

positions on the plant indicator spectrum against the one old method. 

If on this basis a new method is statistically identical with the old one, 

it can be assumed that the method is equally proficient in the prediction 

of site index. If on the other hand a new method gives statistically 

different mean stand positions on the plant indicator scale than the old 

one, then the new method might be either more or less accurate than the 

old one as a predictor of site index. 

In Figure 1 the weighted mean plant-indicator positions for stands 

from the cover degree-abundance data are plotted against the weighted mean 

positions from the milacre frequency data. The line shown is the computed 

regression line. The correlation coefficient is 0.969, which is highly 

significant (significant at the 1 percent level). It thus appears that 

in the use of Table 1, the substitution of quadrat frequency weightings 

of indicator-species positions for carefully estimated cover degree- 

abundance weightings will produce substantially the same predictions of 

longleaf pine site index. The correlation in Figure 1 indicates that the 

milacre frequency procedure accounted for 94 percent of the variability 

produced by the cover degree-abundance procedure. 

In testing the second hypothesis using presence only, the weighted 

mean plant-indicator positions for stands from the cover degree-abundance 

data were correlated with unweighted mean plant-indicator positions. 

The correlation coefficient for this is 0.940, also highly significant. 
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MEAN INDICATOR POSITIONS BASED 
ON COVER DEGREE-ABUNDANCE 
ESTIMATES 

MEAN INDICATOR POSITIONS BASED ON MILACRE FREQUENCY 

FIGURE 1. Relationship between stand plant indicator means based 

on cover degree-abundance estimates, and stand plant indicator 

means based on milacre plot frequencies. 
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It thus appears that in the use of Table 1, the employment of indicator 

species positions without any weightings at all will produce substantially 

the same predictions of longleaf pine site index as with the use of cover 

degree-abundance weightings. The presence-only procedure accounted for 

88 percent of the variablility produced by the cover degree-abundance 

procedure. 

On a purely theoretical basis, it is difficult to accept that the 

mere presence or absence of an indicator species is of such outstanding 

importance while the amount of the species present is statistically 

unimportant. The only other test available (from the data at hand) which 

might demonstrate statistical significance of amounts of indicator species 

is a comparison of the two correlation coefficients. In this we hypothe¬ 

size that r=0.969, the correlation between the two sets of weighted indi¬ 

cator values, represents a whole population r, while r=0.940, the correlation 

between weighted values and unweighted values, reflects a loss due to 

omission of the weightings. The test, a t-test using Zeta transformations 

and N-3 degrees of freedom (Snedecor 1956, p. 175), indicates that the small 

difference between the two coefficients is significant only at the 10 per¬ 

cent level. 

CONCLUSIONS 

In using the plant indicator spectrum (Table 1) for the prediction 

of longleaf pine-site index, frequency from systematically spaced milacre 

quadrats can be substituted for cover degree-abundance (Table 2) for the 

prupose of weighting the plant-indicator positions. This can be done 

without change in the accuracy of site-index prediction, as judged through 

examining Figure 1, and gives a procedure which is more objective, more 

easily duplicated by various workers, and equally rapid. The substitution 

of unweighted plant-indicator positions (presence alone) for the cover 

degree-abundance weightings might give only slightly different site- 

index predictions (slightly less accurate, on a purely theoretical basis) 

than would the use of milacre frequency weightings. This procedure is the 

simplest and most rapid of the three procedures used in these tests. 
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INTRODUCTION 

The purpose of this paper is to compare the operating efficiency of 

state- and federally-chartered credit unions in Alabama. Literature on the 

subject of relative credit union efficiency by type of chartering authority 

has, with one exception, indicated that federal credit unions are less 

efficient than their state counterparts. The exception was a study by 

this author of Ohio credit unions which used a methodology different from 

that used in prior credit union studies. Since generalizations cannot be 

made on the basis of a single study in one state, the current Alabama 

study was conducted to either support or refute the Ohio findings. 

PREVIOUS STUDIES 

The first suggestion that a difference in operating efficiency exists 

between state- and federally-chartered credit unions was made in a 1966 

study of Michigan credit unions by David L. McKee.1 McKee examined the 

relative efficiency of the two groups of credit unions on the basis of 

three expense ratios and two earnings ratios. The expense ratios used 

were: the expense-to-income ratio, the expenses-per-member ratio, and the 

expense-to-shares ratio. The earnings ratios utilized were: the net earn- 

ings-per-member ratio and the net earnings-to-shares ratio. 

Federal and state credit unions were compared on the basis of the mean 

value of these ratios for each of eleven asset size categories as well as 

overall means of these ratios. On the basis of these comparisons, McKee 

concluded that: 

Generally speaking. State credit unions appear to be 

more efficient than their Federal counterparts. The 

operating ratios . . . show that State credit unions 

are generally less expensive to operate and also tend 

to produce more income. The advantage held by the 

State credit unions appears to be directly related to 

credit union size. Among the larger credit unions. 

State superiority is evident . . .2 

He suggested that, in general, the higher overall costs of federally- 

chartered credit unions could be attributed to the more stringent controls 

placed upon them by federal supervisory authorities. In addition, he 

reasoned that these federal controls are of benefit to the "amateur" 

management of the small credit union. As the credit union grows, however, 

and management becomes more experienced and professional, these same con¬ 

trols become a hindrance to the efficient operation of the organization.3 
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At the same time, a study of credit unions in Massachusetts was con¬ 

ducted by James A. Zwerneman. Using the same commonly-used measures of 

credit union performance as McKee, Zwerneman showed substantially the same 

results, although he drew no conclusions regarding relative efficiency 

from his results. 

In a study for the National Credit Union Management Association (NCUMA) 

in 1966, John T. Croteau examined the performance of the Association's 

members.5 The study involved only "large" credit unions since membership 

in NCUMA is limited to credit unions with assets in excess of one million 

dollars. 

To measure the performance of the credit unions, Croteau developed 

what he termed a "Member Benefit Index" (MBI). This index is calculated 

as the difference between and adjusted interest rate on loans and an adjusted 

dividend rate on savings.6 He ranked the credit unions in his sample in 

order of their MBI's and then divided them into ten groups of twenty-six 

credit unions. Table 1 shows the number of credit unions in each group 

by type of charter. The groups are ranked from the lowest MBI (highest 

efficiency) to the highest MBI (lowest efficiency). 

On the basis of analysis of these rankings, Croteau concluded that 

state credit unions are more efficient than federal credit unions. He 

felt that his results confirmed the findings of McKee and Zwerneman and 

accepted the reasoning that excessive federal controls tend to reduce the 

efficiency of federal credit unions.7 

In 1972, John J. Dran, Jr. reported the results of a study of relative 

efficiency of credit unions in Ohio.8 His paper rejected the measures of 

credit union efficiency used in prior studies. The expense-to-income 

ratio was shown to be based on the criterion of profit maximization which 

is not suitable for measuring efficiency in a non-profit cooperative such 

as a credit union. Both the expense-to-income ratio and the MBI were shown 

to be affected by the distribution of credit union benefits between the 

borrower and the saver groups. Since such a distribution is an internal 

political decision of the credit union and is not related to operating 

efficiency, any measure of efficiency which it affects is inadequate. 

The Ohio study compared the efficiency of state and federal credit 

unions on the basis of cost per unit of output (unit costs).9 A multiple 

regression model was constructed based upon four factors which were found 

to contribute significantly to unit costs of Ohio credit unions.10 The 

model was applied separately to data from state and federal credit unions. 

The vectors of coefficients in the two regressions equations were then 

tested for equality. No significant differences could be found between 

the coefficients in the two equations. It was therefore concluded that 

there were no differences in efficiency between state- and federally- 

chartered credit unions in Ohio.11 
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TABLE 1: Distribution of 

Increasing Order 

NCITMA Credit Unions 

of Member Benefit 

into Ten Groups 

Index 

in 

MBI Number of Credit Unions 

Group Federal State Total 

1 (Highest Efficiency) 1 25 26 

2 A 22 26 

3 11 15 26 

A 13 13 26 

5 15 11 26 

6 16 10 26 

7 9 17 26 

8 19 7 26 

9 16 10 26 

10 (Lowest Efficiency) 22 A 26 

Source: Adapted from Croteau, The Computer and the Large Credit Union— 

A New Measurement of Performance3 Table 13, p. xxvi. 
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Model Formulation ccnd Empirical Results 

The Alabama model, described as a linear multi-variable equation may 

be written as: 

C = bQ + bi fx(N) + b2 f2(A) + b3f3(T) + b4f4(E) (1) 

Where: 

C = cost per loan (the total reported expenses during the year, 

minus federal share insurance, minus savings life insurance/ 

the number of loans made during the year) 

N = the number of loans made during the year 

A = the average loan size (the dollar amount of loans made 

during the year/the number of loans made during the year) 

T - loan turnover (the dollar amount of loans made during the 

year/the dollar amount of loans outstanding at year end) 

E = loans-to-assets ratio (the dollar amount of loans out¬ 

standing at year end/the dollar amount of total assets 

at year end) 

f^ = functional form of the respective variable which was selected 

in the Ohio Study on the basis of best fit. (In all cases— 

i = 1, 2, 3, 4,--the selected functional form was logarithmic) 

The Alabama model is essentially the same model as that used in the 

Ohio study except for two minor differences. Both differences involve 

changes made in the definition of the dependent variable, cost per loan, for 

the Alabama study.12 The changes in definition were made (1) because 

between the time that the Ohio and Alabama studies were conducted, legis¬ 

lation was adopted establishing federal share insurance for credit unions 

(similar to FDIC insurance on commercial bank deposits), and (2) because 

of differences in the breakdown of the available cost data of credit 

unions in the two states. 

In the Ohio study, cost per loan was defined simply as the total re¬ 

ported expenses during the year divided by the number of loans made during 

the year. Thus, only dividends, a direct cost of the savings function, 

was separated from other costs for the credit unions. These other costs 

were all allocated completely to the lending function of the credit union 

and used in determining cost per loan. 

In the Alabama study, in addition to assigning dividends as a direct 

cost of the savings function, two other costs were also assigned to savings. 

First, the cost of federal share insurance was assigned to the savings 

function and hence eliminated from the calculation of cost per loan. 

Secondly, savings life insurance was assigned to the savings function 

rather than being included in the unit cost of the loan function. In the 

Ohio study this cost was included in the credit union's cost per loan 

only because a separate breakdown of this cost from other costs was 

unavailable.114 
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Hence, for the Alabama study, dividends, federal share insurance costs, 

and life savings insurance costs were not considered among credit union 

lending costs since they relate entirely to the savings function. All 

other costs were included in the model because they are not readily allo¬ 

cated between the savings and lending activities. This procedure is 

equivalent to considering share accounts as the equity capital input of 

the credit union and dividends, federal share insurance, and life savings 

insurance as a fair return on this input. From this viewpoint dividends 

and expenditures on federal share and life savings insurance are analogous 

to profits in other financial institutions, and hence, not appropriate 

for inclusion among total costs. 

Equation 1 is the basic structure of the model used in this study. 

Data for the model was obtained from the Alabama Credit Union League and 

consisted of 1972 balance sheet, income statement and operating data 

normally submitted to the league by its members. The sample used in the 

study was initially selected to include all credit unions in the state over 

three years old for which the required information was completely avail¬ 

able. 1 Three credit unions were eliminated from this original sample 

as not being representative of operating credit unions, to arrive at the 

sample of 155 federally chartered and 75 state-chartered credit unions 

used in the study.16 

Equation 1 was applied separately to data from the state and federal 

credit unions. The least squares estimates and the analysis of variance 

for the federal credit union sample are shown in Tables 2 and 3 respectively. 

The corresponding data for the state credit union sample are shown in 

Tables 4 and 5. It may be recalled that the four independent variables 

used in this study were selected because they were found to be signifi¬ 

cantly related to unit costs in Ohio. As shown in Tables 2 and 4 only 

two of these variables, average loan size and loan turnover, were con¬ 

sistently significant at the 1 percent level (one tailed test) when re¬ 

lated to unit costs in Alabama. 

It may also be noted by comparing Tables 2 and 4 that the constant 

term and the coefficients of each of the independent variables in the 

federal regression equation are similar to their counterparts in the equa¬ 

tion based upon state data. In order to test whether or not the vector of 

coefficients (including the constant term) of the two regression equations 

differed significantly, it may be assumed that one of the equations (say 

the federal) is the original regression equation. It is then possible to 

test whether the additional observations (of the state data) come from 

the same relationship as the original equation. For the case where the 

number of additional observations is greater than the number of parameters 

in the regression equation, this may be tested by calculating the F 

ration:17 

Q3/k 
(2) 

Q2/(m + n - 2k) 

Where: 

Q2 = the sum of the squared residuals of the federal model 

plus the sum of squared residuals of the state model 
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TABLE 2: Least-Square Estimates for the Federal Credit Union Data 

Independent Variable 

Regression 

Coefficient 

Standard t 

Deviation Value 

Log A (Average loan size) 16.9661 1.2632 13.4313a 

Log T (Loan turnover) -23.0336 2.4930 - 9.2394a 

Log E (Loans to assets ratio) - 9.4423 3.5205 - 2.6821a 

Log N (Number of loans) 1.4206 0.8048 1.7652 

Constant term -88.8754 

R2 0.6569 

Standard error of estimate 10.6122 

Number of observations 155 

Significant at the 1 percent level (one-tail test). 

TABLE 3: Analysis of Variance for the Federal Credit Union Data 

Source of Variation Degrees 

of Freedom 

Sum of Mean 

Squares Squares 

F 

Value 

Attributable to 

Regression 4 32341.80578 8085.45144 71.7949a 

Deviation from 

Regression 150 16892.82125 112.61881 

Total 154 49234.62703 

Significant at the 1 percent level 
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TABLE 4: Least-Squares Estimates for the State Credit Union Data 

Independent Variable 

Regression 

Coefficient 

Standard 

Deviation 

t 

Value 

Log A (Average loan size) 22.4710 2.8975 7.7552a 

Log T (Loan turnover) -30.0240 3.4963 -8.5875a 

Log E (Loans to assets ratio) -9.3810 7.2481 -1.2943 

Log N (Number of loans) -0.2891 1.1213 -0.2579 

Constant term -116.3370 

R2 0.6164 

Standard error of estimate 12.8188 

Number of observations 75 

Significant at the 1 percent level (one-tail test) 

TABLE 5: Analysis of Variance for the State Credit Union Data 

Source of 

Variation 

Degrees 

of Freedom 

Sum of 

Squares 

Mean 

Squares 
F 

Value 

Attributable to 

Regression 4 18483.91316 4620.97830 28.1214a 

Deviation from 

Regression 

Total 

70 

74 

11502.59366 

29986.50682 

164.32277 

Significant at the 1 percent level 
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= the sum of the squared residuals of the least squares 

model using pooled federal and state data, minus Q2 

k = the number of parameters in the model = 5 

m = the number of observations in the state model = 75 

n = the number of observations in the federal model = 155 

The F ratio will have k degrees of freedom in the numerator and (m + n - 

2k) degrees of freedom on the denominator. 

The least squares estimates for the pooled federal and state data 

are shown in Table 6. The analysis of variance for the pooled model is 

shown in Table 7. The calculation of the F ratio using Equation 2 to 

determine whether the vectors of coefficients of the two models differed 

significantly resulted in an F value of 1.6954 which was not significant 

at the ten percent level. Hence, it could not be shown that there was 

any significant difference in operating efficiency between state-chartered 

and federally-chartered credit unions in Alabama. 

TABLE 6: Least-Squares Estimates for the Pooled Credit Union Data 

Independent Variable 

Regression 

Coefficient 

Standard 

Deviation 

t 

Value 

Log A (Average loan size) 18.1931 1.1831 15.3778a 

Log T (Loan turnover) -24.9017 1.8866 -13.1993a 

Log E (Loans-to-assets ratio) - 8.0383 3.2195 2.4968 

Log N (Number of loans) 0.4798 0.6245 0.7683 

Constant term -91.3850 

R2 .6405 

Standard error of estimate 11.4483 

Number of observations 230 

Significant at the 1 percent level (one-tail test). 
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TABLE 7: Analysis of Variance for the Pooled Credit Union Data 

Source of 

Variation 

Degrees 

of Freedom 

Sum of 

Squares 

Mean 

Squares 

F 

Value 

Attributable to 

Regression 4 52547.94924 13136.98731 100.23: 

Deviation from 

Regression 225 29489.54985 131.06467 

Total 229 82037.49909 

Significant at the 1 percent level 

SUMMARY AND CONCLUSIONS 

This study compared the operating efficiency of state- and federally- 

chartered credit unions in Alabama. It was undertaken to either support 

or refute earlier fundings by this author, based upon a study of Ohio 

credit unions, that there is no difference in union operating efficiency 

by chartering authority. 

A cost model developed in the Ohio study was applied to the data from 

Alabama credit unions. The independent variables in the model, which 

had been found to be significantly related to credit union costs in Ohio, 

were output (number of loans), loan turnover, average loan size, and the 

loans to assets ratio. 

Regression equations were developed for the state and federal credit 

unions separately. Only two of the independent variables, average loan 

size and loan turnover, were found to be significantly related to unit 

costs for both groups of Alabama credit unions. The vectors of coefficients 

of the two regression equations were tested for equality. No significant 

differences could be found, at the ten percent level, between the 

coefficients in the two equations. It was therefore concluded that there 

are no differences in operating efficiency between state- and federally- 

chartered credit unions in Alabama. 

FOOTNOTES 

^avid Lannon McKee, "An Economic Analysis of Credit Unions in Michi¬ 

gan" (unpublished Ph. D. dissertation, University of Notre Dame, 1966). 

That portion of his study pertaining to the comparison of state and federal 

credit unions was later published as: "A Comparison of Credit Union 

Efficiency by Chartering Authority: The Michigan Case," The Marquette 
Business Review, XI (Winter, 1968), pp. 109-118. 
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2McKee, "An Economic Analysis," p. 145. 

3Ibid., pp. 145-146. 

4James Alvin Zwerneman, "Credit Unions in Massachusetts: A Financial 

Analysis" (unpublished Ph. D. dissertation. University of Notre Dame, 1966). 

5John T. Croteau, The Computer and the Large Credit Union — A New 
Measurement of Performance, Report to the National Credit Union Management 

Association Conference, 1966, (Cleveland, Ohio: National Credit Union 

Management Association, 1966.) 

6Croteau explains the construction of the index as follows: "Average 

personal loans and average real estate loans are added together. This 

total forms the base upon which the members pay interest. From the total 

interest on personal and real estate loans is deducted the cost of 

borrower's insurance. The remainder is the net interest cost to the mem¬ 

bers—or looked at from the other side of the desk, the net income of the 

credit union. The net interest cost divided by the average loan base 

gives the true rate of interest paid by the members. 

"Similarly, the total of the average shares and average reserves 

provides the base for the calculation of the true dividend. Reserves 

of all kinds are included since they are a part of the members' capital; 

and even if this capital is unallocated, earnings from it should go to 

the members. The 'service dividend' concept developed in the 1965 NCUMA 

Study is used—although defined a bit differently here—and actual divi¬ 

dends, plus share life-insurance, plus educational expense, comprise the 

total dividend to the members. The 'Dividend Dollars Adjusted' are 

divided by the total capital at the disposal of management and the per¬ 

centage rate that is developed is called the 'Adjusted Dividend Rate.' 

"The difference between the 'Adjusted Average Yield' and the 'Adjusted 

Dividend Rate' is the 'Member Benefit Index,' a measure of the performance 

of the credit union as reflected in the benefits which the total member¬ 

ship derives. The lower the index the better the performance." Ibid., 
pp. xi-xii. 

7Ibid., p. xxvi. 

8John J. Dran, Jr., "A Comparison of Operating Efficiency of State 

and Federal Credit Unions in Ohio" a paper presented at the Midwest 

Finance Association's Annual Meeting, April 1972, subsequently revised 

and published under the title: "A Comparison of Credit Union Efficiency 

by Chartering Authority: An Ohio Case Study" The Marquette Business 
Review, XVII (Fall, 1973), pp. 155-165. 

9The term "efficiency", as used in this study is based upon an eco¬ 

nomic concept of efficiency. The firm within an industry which can 

produce its output at the lowest average cost (cost per unit) is deemed 

the most efficient. The most difficult aspect of applying this concept 

is that of defining the output of a credit union. In the Ohio study 

(as well as the Alabama study) output was defined as the number of loans 

made by the credit union. For further details on efficiency in credit 

unions and the definition of credit union output see the latter reference 

cited in n.8 above, pp. 156-57 and pp. 157-158, respectively. 
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10The four independent variables were output, loan turnover, average 

loan size and the loans-to-assets ratio. Although economic theory stresses 

the relationship between unit cost and output (economies of scale) for 

the individual firm, when making comparisons among firms differences in 

output other than quantity differences must be taken into consideration. 

The latter three independent variables were introduced into the study 

to compensate for the fact that each credit union has a different 

"product mix" which may affect its cost per unit of output. The differ¬ 

ences in "product mix" among credit unions, which were isolated for this 

study were differences in the size of loans made, differences in the 

length of time for loan repayment (measured reciprocally by loan turnover), 

and differences in the amount of assets necessary to make a given dollar 

amount of loans (measured by the loans-to-assets ratio.) For more details 

regarding the independent variables used in this study see the latter 

reference cited in n.8 above, pp. 158-59. 

^That is, when adjusted for differences in quantity of output and 

"output mix," there were no differences in cost per unit of output between 

these two groups of credit unions in Ohio. 

12These differences are termed minor because the correlation between 

Alabama credit union costs per loan as calculated by the alternate 

definitions is .993. 

13Federal share insurance is a requirement for all federally-chartered 

credit unions and optional for the state-chartered credit unions. 

14This was due to the credit union financial reporting procedures in 

effect for state-chartered credit unions in Ohio at the time of the study. 

lsThis sample corresponded to the sample of credit unions used in 

the Ohio study. 

16The three credit unions were eliminated for the following reasons. 

One credit union was in the process of liquidating its assets because the 

firm which defined its field of membership was closing. A second credit 

union was eliminated from the sample because its associated firm had a 

lengthy layoff of a large number of the credit union's members during 

the year. The final credit union eliminated was the victim of an embez¬ 

zlement equivalent to approximately one-third of its assets. 

17J. Johnston, Eoonometrie Methods (New York: McGraw-Hill Book Com¬ 

pany, Inc., 1963) pp. 136-38. See also Gregory C. Chow, "Tests of Equality 

Between Sets of Coefficients in Two Linear Regression," Eaonometrioa, 
XXVIII (July, 1960), pp. 595-98. 
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ABSTRACT 

A description is given of the construction of a Van de Graaff accel¬ 

erator, novel in that it was made in the laboratory at low cost with a 

minimum of new materials while still incorporating modern devices in some 

components. Controlled electron beam currents ranging from 1 to 50yA at 

potential near 600 kV have been produced. The accelerator's usefulness, 

low operation cost, reliability, and variety of applications made it 

attractive to experimenters, especially those with limited budgets. 

INTRODUCTION 

For those persons concerned with accelerators and especially for those 

accelerator enthusiasts with little funds, this paper should be of consid¬ 

erable interest. Here is a description of the construction of a Van de 

Graaff accelerator made in the laboratory from surplus equipment, spare 

parts and a minumum of new materials. The intent here is not only to give 

details of a low cost "homemade" accelerator, but also to report on the 

utilization of modern devices in some of the accelerator components. 

The need for an energetic electron beam comes from current research 

in bremsstrahlung shielding. In conjunction with a limited budget, choice 

of a Van de Graaff over other accelerator types is based on an availability 

of assorted surplus equipment and on the expectation that construction 

would be relatively straight-forward. However, from the beginning, it was 

anticipated that beam focussing and control would require thoughtful design 

and careful construction. Design specifications, based on the research 

requirements, are electron energy within a range of 0.5 to 1.0 MeV, stable 

beam with a moderately small cross-sectional area, and a variable but 

controlled current extending from 1 yA to 100 yA. 

It must be mentioned that the inventor of this accelerator type, for 

whom it is named, was a native Alabamian and an alumnus of the University 

of Alabama. 

Basic Structure 

The Van de Graaff principle (1) involves the use of a corona spray 

to place charges onto a moving belt. These charges are then mechanically 

transported to a high voltage terminal shaped as a dome or sphere. Maximum 

voltages produced depend on the radius of curvature of the sphere, since 

the potential gradient at the surface of this sphere is limited by the 

field required to break down air (30 kV/cm). If this field is exceeded, 

the dome will discharge. 
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The selected aluminum high-voltage terminal is part of an army surplus 

coffee urn. It consists of the dome shaped portion of the urn with the 

holes filled in and the exterior surface sanded smooth. Radius of curvature 

of this dome is 30 cm, which results in a maximum theoretical voltage of 

900 kV. Adequate space exists inside for housing various electronic com¬ 

ponents necessary for the accelerator operation. See Figure 1 for a picture 

of the dome and the electronics inside of it. 

FIGURE 1. Photograph of dome, high voltage end of the accelerator, and elec¬ 

tronics associated with electron beam production. 

Six paper belts, each 15 cm wide, carry negative charges to the dome. 

The belts are recharged with a positive spray as they leave the dome to 

double the effective charging current. A network of needle points each 

approximately 1 cm long functions as the spray points for charging and 

discharging the belts. Belts run on aluminum pulleys with diameters of 

3 inches at the dome and 4 inches at the ground end. The 4-inch pulleys 

are driven with a surplus 1 hp electric motor at 1800 rpm resulting in 

a belt speed of 31.4 ft/sec. Charging currents up to 200 yA are attained. 

Four PVC pipes of 3.5 inches outside diameter and 1/4-inch thick walls 

support the dome horizontally. A distance of 37 inches separates the 

dome from the vertical ground plane. Air is forced through these pipes 

to prevent condensation and the resulting reduction in insulating prop¬ 

erties. Figure 2 shows the belts and insulating pipes. 
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FIGURE 2. Photograph of charging belts and insulating pipes. Glass 

accelerating tube is on the central axis. Voltage-divider 

resistors are wrapped around this tube. 

Vacuum System 

Vacuum requirement for the system is about (10 ) torr, based on re¬ 

strictions due to electron mean free paths and positive ion bombardment at 

the electron gun. The required pumping is obtained with a rotary vane 

pump and a 50 liter-sec oil diffusion pump. Use of large cross-sectional 

area tubing assures high conductance and good vacuum conditions (2). A 

surplus freon condensing unit is used to cool the diffusion pump and cold 

trap with temperatures near -20°F. 

The Electron Beam 

An electron gun with a tunsten filament is used as the electron source. 

Tungsten is chosen for the filament material because it is not as chemi¬ 

cally reactive as the more efficient BaO and StO coated filaments (3). 

Two 6V wet cell batteries serve as the power source for the electron gun. 

Filament current is controlled with an operational amplifier (A), (5) in 

order to regulate the electron emission, and an ac inverter-power supply 

provides up to 5 kV dc for the accelerating anodes of the gun. Focussing 

of the electrons in the gun is affected by small apertures and proper 

selection of anode voltages. 

The beam generated by the electron gun is accelerated as it moves 

toward the ground plane by the field of the negatively charged dome. Addi¬ 

tional focussing is provided by copper electrodes placed along the axis 

of the acceleration tube, with a spacing of 1/2 inch (6). These electrodes 

also serve to shield the beam from any asymmetric field due to charges 
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that may accumulate on the wall of the glass acceleration tube (7). Copper 

rings external to this glass tube are connected to the focussing electrodes 

which tend to provide an even distribution of voltage to the beam. A 

voltage divider consisting of 834 resistors of 22 Mf2 each is used to fix 

the potential of the electrodes. The divider is constructed by inserting 

a "string" of resistors into flexible plastic tubing and then wrapping the 

tubing around the acceleration tube (Refer to Figure 2). 

A 2m stainless steel pipe is attached to the accelerator tube to serve 

as a drift region for beam focussing and vacuum connections. After the beam 

has been accelerated, more focussing is provided by a magnetic lens (8) 

located at the beginning of the drift region. The solenoid is made of 500 

turns of #12 copper wire wrapped around the drift tube and enclosed in an 

iron cover. A power supply furnishes 0-10 A of adjustable current for the 

magnetic field, which focusses the beam onto a target 1.2 m past the end of 

the lens. Two yokes, located 1/2 m from the target, are used to adjust the 

position of the beam. 

Targets 

Both metallic and dielectric materials are used as targets in the form 

of caps to the drift tube. Insulating materials are coated with a grounded 

aluminum film to prevent surface charge accumulation from altering the 

course of the electron beam. Another target type utilizes a thin "window" 

made from 1 mil aluminum with a copper mesh backing, which allows the beam 

to pass out of the drift tube end. See Figure 3 for a picture of the win¬ 

dow in place. A switching circuit employing an integrated circuit timer 

switches various targets into the path of the beam after it passes through 

the window. 

FIGURE 3. Drift tube region of Van de Graaff with aluminum window in 

place. Vacuum system, yoke, and target switching device are 

shown. 
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Operation and Performance 

In addition to the large electric field of the dome, safety precau¬ 

tions must especially be taken for large amounts of high energy photons, 

mainly from bremsstrahlung. Flashing "warning lights" are automatically 

activated when the accelerator is in operation. The power switch is located 

at a safe distance away from the accelerator, and a lead screen with a 

viewing window is located in the target area to provide shielding for ob¬ 

servers. Ionization chambers and geiger counters constantly monitor the 

level of radiation in the vicinity of the accelerator. 

Operating costs are small. Electrical power for operation of the 

vacuum system, accelerator motor, and for recharging the batteries averages 

less than 2 kw, and it is the major continuing expense. Accelerator belt¬ 

ing is available as surplus material and replacement costs are nominal. 

CONCLUSIONS 

Construction of the Van de Graaff accelerator was, as expected, both 

straight-forward and comparatively inexpensive. Beam focussing and current 

control required considerable thought and planning, but these problems 

were solved and a relativity trouble-free system evolved. Electron energies 

up to approximately 600 keV have been obtained, and currents from 1 to 50 

pA are reached. 

Higher currents probably can be attained but high radiation levels are 

the limiting factor. Cross sectional area of the beam, as observed with 

translucent targets, is about 1 cm2. The accelerator has proven to be a 

useful and reliable tool, and it appears to offer a wide range of appli¬ 

cations. 
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EVALUATION OF STUDENT RESPONSES TO SMALL BUSINESS IMAGE: 

MEASUREMENT OF ATTITUDE CHANGE AMONG POTENTIAL ENTREPRENEURS 

Dr. John H. Davis, III 

Auburn University 

The Small Business Institute Program began in the fall of 1972, after 

the Office of Planning, Research and Analysis of the Small Business Admin¬ 

istration's central office was asked to study the possibility of develop¬ 

ing a nationwide program of counseling through university faculty and 

students.1 In the fall of 1972, Auburn University was asked to partici¬ 

pate in this program. Through May, 1974, Auburn University has accepted 

and completed three separate contracts under which a total of sixty busi¬ 

nesses have been counseled in the southeastern and southcentral region of 

the State of Alabama. It was understood by the regional office of the 

Small Business Administration and the School of Business at Auburn Univer¬ 

sity that there were three primary objectives of the counseling program: 

(1) to aid the small businessman, (2) to bring the "real world" into the 

classroom, and, (3) to improve the attitude of college students toward 

small business. 

This third objective is the subject being examined in this paper. 

The purpose of this third objective was explained by the Atlanta Regional 

Small Business Administration office to be twofold: (1) to help strengthen 

the image of small business in a period of business consolidation as evi- 

enced by large chain stores, and, (2) to interest students in small 

business as a career. It would appear that some progress is being made 

in this area as reported in Evaluations. A few years ago Harvard Univer¬ 

sity conducted a study which indicated that approximately one-third of 

its graduating class preferred small business employment over large business 

employment.2 But when students who have been involved in the Small Busi¬ 

ness Institute Program for a year were quizzed about their interest in 

small business, sixty-three percent indicated that they would like to be 

owners or managers of small businesses.3 It would appear that the program 

had kindled an interest in students in small business. However, this 

percentage response was gathered after the counseling had taken place. 

This study tested the hypothesis that students in the Small Business Insti¬ 

tute Program at Auburn University had a significant, positive change in 

their attitudes toward small business from the time counseling began to 

the time counseling ended. 

In order to effectively measure a change in attitude and in order to 

determine that, if there was a change in attitude, it might be due to the 

Small Business Institute course, both an Experimental Group and a Control 

Group was formed. As a matter of explanation, previous to the last 

1 Small Business Institute Program, Evaluations, Office of Program, 

Planning and Evaluation, Small Business Administration, February, 1974, 

p. 2. 

2Ibid.., p. 11. 

3Ibid., p. 19. 
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contract grant all counseling by students was conducted in addition to 

their normal course load. Under the last contract grant, a regular five- 

hour course was established entitled "Special Problems in Small Business 

Management." Therefore, the students enrolled in that class constituted 

the Experimental Group and students in other senior level business courses 

constituted the Control Group. All students were almost identically 

matched by sex, age, year in school, and grade point average. Both groups 

contained the same number of subjects. It was felt that each group repre¬ 

sented typical senior business students at Auburn University. A pre-test 

of the groups was conducted and the two groups were found to be similar 

at the beginning of the study, which is essential, for if the two groups 

are not similar at the beginning of the study, any changes in attitude 

that might occur could be attributed to already existing differences in 

the two groups. It is an accepted technique to use the student t-test 

for pre-test and analysis where the researcher has to use as subjects 

individuals already organized into groups.4 

At the beginning of the Spring Quarter, 1974, each group was given a 

questionnaire containing demographic data, instruction sheet, and a sem¬ 

antic differential containing twelve adjective pairs.5 Each student was 

asked to rate his or her impression of small business on the semantic 

differential scale. At the end of the quarter each student in each group 

was once again administered the same questionnaire to see if there had been 

a significant change in their attitudes. In order to test for such a 

change, student t-tests for independent samples were utilized. In order 

to test the hypothesis, each student's responses within the experimental 

and the control groups were summed and a mean calculated for each adjective 

pair as well as a group mean. This latter statistic was tested at the 

ninety-five percent confidence level to determine significant change. In 

order to designate a significant change in the tests, the t-stat must 

be 2.0 or greater. The results of these tests appear in Table I. 

Test 1 compares the experimental group (mean-1) and the control 

group (mean-2) at the beginning of the study. Test 2 compares the experi¬ 

mental group (mean-1) and the control group (mean-2) at the end of the 

study (mean-2). Test 4 compares the experimental group at the beginning 

of the study (mean-1) and at the end of the study (mean-2). 

Test 1 in Table I illustrates that at the beginning of the study, no 

significant difference existed between the control and experimental groups 

of the ninety-five percent confidence level. 

Test 2 in Table I indicates that at the end of the study, a signi¬ 

ficant difference existed between the control and experimental groups 

at the ninety-five percent confidence level. 

Test 3 in Table I illustrates that within the control group between 

the beginning of the study and the end of the study there had been no 

4Janet T. Spence et al.. Elementary Statistics (2d ed.; New York: 

Appleton-Century-Crofts, 1968), p. 145. 

5See Appendix A for a copy of the questionnaire. 
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significant change at the ninety-five percent confidence level. 

TABLE I 

Results of t-Tests for Independent Samples 

Test t-stat DF Mean-1 Mean-2 

1 1.177 54 65.036 62.286 

2 3.623 54 70.250 62.214 

3 0.027 54 62.286 62.214 

4 2.742 54 65.036 70.250 

Test 4 in Table I indicates that within the experimental group, 

between the beginning of the study and the end of the study, there had 

been a significant change at the ninety-five percent confidence level. 

Referring again to Table I, mean-1 in Test 3 is higher than mean-1 

for Test 4. Even though the two groups were similar at the beginning 

of the study, it appears that the students in the experimental group 

had a more positive attitude toward small business than students in the 

control group from the very beginning. These data seem logical as one 

would expect that only students who had an interest in small businesses 

would sign up for a small business course. 

After examining the t-stat for each adjective pair in Test 4, it 

was apparent that a very significant change had taken place in three 

adjective pairs from the beginning of the study to the end of the study. 

Table II illustrates these changes. 

TABLE II 

Adjective Pairs That Experienced a Very Significant 

Change from Beginning to End of Study 

Adjective Pairs t-stat DF Mean-1 Mean-2 

Profitable - Unprofitable 2.309 54 5.357 5.929 

Progressive - Regressive 3.428 54 4.714 5.679 

Stable - Unstable 2.903 54 4.250 5.179 
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It appears that the student's attitudes toward small businesses' 

profitability, progressiveness, and stability changed very significantly. 

A commonly voiced complaint about small businesses is that they are mar¬ 

ginally profitable, nonprogressive and somewhat unstable in sales and 

profits. This study's findings indicate that further research is needed 

in these areas. 

In summary, it appears that the attitudes of the students in the 

control group had not changed significantly over time, but that the atti¬ 

tudes of the students in the experimental group had changed significantly 

over time. This change was a positive change as observed by the higher 

mean score at the end of the course. Therefore, it can be postulated 

that the Small Business, had caused a significant positive change in 

student attitudes toward small business. This study does not answer the 

question of whether the attitude change was significant enough to cause 

students to choose small business as a career. Further research in the 

follow-up of individual students would have to be done to determine the 

answer to this question. 
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APPENDIX A 

You are being asked to describe your concept of small business by 

evaluating a set of adjective scales. A small business, for our purposes, 

is defined as a business with sales of less than $500,000 and employees 

numbering less than 10. 

First, answer the following questions and then turn the page. 

Name: _ Age: _ Grade Point Average: _ 

Sex: (circle one) 

Hale 

Female 

Class Rank: 

Junior 

Senior 

(circle one) 

Graduate 

Other 

Have you counseled small businesses before under the Small Business Admin¬ 

istration Grant: 

Have you had previous work experience: __ 

If yes, please answer relative to each job: 

Job 1 Job 2 Job 3 Job 4 Job 5 Job 6 

Length of work experience _ 

Type of work experience _ 

Big or small business _ 

INSTRUCTIONS 

On the following page you will find a set of adjective scales you are to 

use to describe your concept of small business. Here is how to use these 

scales: 

If you feel that the concept of small business is very closely related to 

one end of the scale, you should place your check-mark as follows: 

Good X ; _ :::::: Bad 

or 

Good _: _: _: _: _: _: X : Bad 

If you feel it is quite closely related to one end of the scale, you should 

place your check-mark as follows: 

Good _: X : : : : : : Bad 
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or 

Good _: _: _: _: _: X : _: Bad 

If you feel it is slightly related to one end of the scale, you should 

place your check-mark as follows: 

Good _: _: X : _: _: _: _: Bad 

or 

Good : : : : X : : : Bad 

If you feel it is neutral on the scale or that both sides of the scale 

are equal for the job, then you should place your check-mark in the 

middle space: 

Good : : : X : : : : Bad 

Using eaeh of the adjective scales below, place an X along each scale which 

best describes how you feel about your idea of a Small Business (sales = 

$500,000 or less; Employees = 10 or less) 

Challanging 

Profitable 

Interesting 

Prestigous 

Rewarding 

Personalized 

Skilled 

Satisfying 

Knowledgeable 

Secure 

Stable 

Unc ha Hanging 

Unprofitable 

Boring 

Unprestigous 

Unrewarding 

Depersonalized 

Unskilled 

Unsatisfying 

Ignorant 

Regressive 

Unstable 
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TWO-DIMENSIONAL REGRESSION FOR EQUAL-INTERVAL DATA 

Thomas R. Edwards 

Space Sciences Laboratory 

NASA, Marshall Space Flight Center 

Huntsville, Alabama 35812 

INTRODUCTION 

A topographical problem can be the fitting of a two-dimensional sur¬ 

face to a matrix of data points. The data set is represented by two 

coordinates for position and one coordinate for intensity, i.e., z(x,y). 

The fitting of an arbitrary surface to a data set can be accomplished by 

the technique of regression analysis and is completely analogous to the 

one-dimensional problem of applying least square analysis to a polynomial. 

When the data set has been prepared for a computer, the assumption 

that the spacing between data points is equal interval is usually valid. 

The validity of this assumption is based on the manner in which the data 

are converted from the continuous world to a computer-compatible format 

in either one- or two-dimensional problems. Furthermore, to apply 

regression techniques, the data set over which the regression is performed 

is assumed to be continuous. 

With these two assumptions, an alternate approach to the regression 

problem is available which avoids the time-consuming summations associated 

with establishing the normal equations and the effort involved in solving 

them. In fact, the naive logic of a weighted average with an appropriate 

normalizing factor is sufficient to obtain the same results as applying 

regression calculations and has the additional benefit of having integer 

values for the weighting and normalizing coefficients. This latter fact 

significantly affects the computer time required to do the calculations. 

The development of these coefficients has been well documented for 

the one-dimensional world.1’ 2’ 3 This paper will deal with the develop¬ 

ment of these coefficients, known as Two-Dimensional Convolute Integers, 

for two-dimensional problems and the demonstration of their equivalence 

to a regression calculation. 

Weighted Average 

A weighted average, as its name implies, allows a nearest neighbor 

interaction to affect the value of a data point at the center of a data 

mask, Eq. (1). 

m n 

z'rc(x,y) = E E C_z^.(x,y)/Norm , (1) 

i=-m j=-n 1-' 

where 

z = array of raw data points 

z' = array of weighted data points 
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ij represents a point in the (2m+l) by (2n+l) filter 

rc represents a raw data point on a surface at row r and 

column c and is the center point of the data mask 

= the weighting coefficients 

Norm = the normalizer. 

The problem now resolves itself into two aspects: (1) generation 

of the sets of C-^j's and Norm's which are equivalent to two-dimensional 

regression calculations and (2) demonstration that these coefficients 

as used in Eq. (1) provide the same results as actually doing a two- 

dimensional regression calculation. 

Two-Dimensional Regression 

Two-dimensional regression calculations are equivalent to fitting a 

polynomial surface to a set of data by the method of least squares. A 

general expression for a two-dimensional surface is 

m n 

z', = Z Z ^iixk ^Ic » i+j 5. m"*'n a surface constraint. (2) 
i=0 j=0 J 

Equation (2) represents the intensity z'^ at the point k on the surface 

of order m+n described by the regression coefficients A^^. 

Let z^ represent the actual intensity at the kth position on an 

image. Fitting the surface to the data set Zy (x,y) by the residual sum 

of squares leads to Eq. (3), 

, np 
62 = Z 

k=l ■ i0 £ Ai><vi ■0) • 

Selecting the best fit regression coefficients, 

np 

362/3A = 2 Z 
UV k=l 

(ran . . \ 
z, - Z £ A. .x^y,^ ) xl^ k i=0 j=0 ijkky k Yt = 0 . 

leads to the normal equations. 

m n np . , np 

Z Z Z A..x"+Uy,1+V = Z z.xV 
1=0 k=0 k=l k k k=l k k 

(3) 

(4) 

(5) 

where 

0<u<m, 0<v<n. 
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Matrix representation of Eq. (5) results in the more familiar form of the 

normal equations (see the Appendix for a tensor development of steps 

between Eq. (5) and Eq. (6). 

MT ' SS • A = X¥t • z , (6) 

where Z is a column vector of raw data points, np by 1; A is a column vector 

of coefficients representing the surface, nt by 1; XY is a matrix of 

cross product terms, np by nt; and 

nt = (m+n+1) (m+n+2)/2 , 

number of rows and columns in the symmetric XY ' XY matrix. 

Two-Dimensional Convolute Integers 

Definition 

Rewriting Eq. (1) in matrix form allows an identification of the 

regression coefficients, A, with the weighting coefficients, C. 

z’ = C * Z/Norm 
rc 

(7) 

(Note that C is a row vector of double subscripted elements, Z is a column 

vector of double subscripted elements, and both have np elements.)- Solving 

the normal equations for A, which is equivalent to obtaining intensity 

values on the fitted surfuce, yields 

Recognizing the similarity in form between Eq. (7) and (8) (the A's 

and Z's are both linear combinations of the Z's) permits a definition of 

the A'z in terms of the C's, 

A 
ij 

C * Z/Norm (9) 

Evaluation of the C's and Norm associated with each A^j is readily 

accomplished by applying Cramer's Rule for obtaining the A's in Eq. (6) 

and identifying the coefficients of Z as C/Norm. 
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Tuo-Dimensional Convolute Integers 

Second Order Surface 

5 by 5 Mask 

The weighting coefficients and normalizer for a second order surface 

using a 5 by 5 data mask will now be generated. 

The normal equations for the quadratic surface are 

m, n 00 01 02 10 11 20 

np £y Ey 2 Ex Exy Ex2 Ao o Ez 

2y Ey2 £y3 Exy Exy2 Ex2y A0 1 Ezy 

2y2 £y3 Ey“ Exy2 Exy 3 Ex2y2 A0 2 _ Ezy2 

Ex Exy Exy2 Ex2 Ex2y Ex3 A1 0 Ezx 

Exy Exy2 Exy3 Ex2y Ex2y2 Ex3y A11 Ezxy 

Ex2 Ex2y Ex2y2 Ex3 Ex3y Ex'* A2 0 Ezx 

uv 

00 

01 

02 

10 

11 

20 

For brevity, all summations are sums over all the raw data points k-1, np 

and m+n is constrained to be <_ 2. 

The sparse coefficient matrix for an antisymmetric mask is 

n p 0 

£y2 

Symmetric 

£y2 

0 

£y4 

o 

0 

0 

Ex2 

0 Ex2 A0 0 

0 0 A0 1 

0 Ex2y2 A0 2 

0 0 A1 0 

Ex2y2 0 A1 1 

Ex4 A2 0 

Ez 

Ezy 

Ezy2 

Ezx 

Ezxy 

Ezx2 

This leads to the following reduced matrices. 

np £y2 Ex2 
Aoo 

Ez 

Ey2 Ey4 Ex2y2 A0 2 = Ezy2 

Ex2 Ex2y2 Ex2 A 2 0 Ezx2 
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ly2 * Ao i = Ezy 

Ex2 A1 0 = Ezx 

Zx2y2 • Ai l = Ezxy 

The evaluation of matrix terms leads to the following values. 

np = (2r + 1) (2c + 1) = 25 

np np 2 2 2 

Z y[ = E \2= S £ y2 = 5 £ y2 = 50 

k=l k=l x=-2 y=—2 y=-2 

np 

£ 
k=l 

Xk = 

np 

£ 
k=l 

4 
yv = 

2 2 2 

£ £ y4 = 5 £ y" = 170 

x=-2 y=-2 y=-2 

np 2 2 

Z *1 yi - Z Z *2 y! - ioo 
k-l X-2 y-2 

Evaluation of the A0o regression coefficient by Cramer's Rule is 

E 50 50 

Ezy 170 100 

Ezx 100 170 

25 25 50 

50 170 100 

50 100 170 
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Factoring common 

the denominator 

terms 

results 

from rows 

in 

expanding 

Ao o 27 

np 

z - 
/ np 

-MS 
2 , 

zy + 
np 

z 
• 

k=l V k-i k=l 

where Norm = 175 . Recognizing that 

np 

z = 

r 

E 
c 

Z , 

zx2) 

1 ' 

t Norm, 

k=l x=-r y=-c 

and combining coefficients of like terms lead to the convolute integers 

A = ( - 13z_2_2 + 2z_2-1 + 7z_20 + 2z_21 - 13z_22 

+ 2z_ i-2 + 17z_i_! + 2 2 z_ j 0 + 17z_n + 2z_12 

+ 7z0 2 + 22z0_i + 27z00 = 22z0l + 7zQ2 

+ 2 z! _ 2 + 17zi_i + 22zi0 + 17zu + 2z12 

- 13z2_2 + 2z2-i + 7z20 + 2z21 - 13z22y - 175 

Identifying and expressing the C^. coefficients and Norm result in the 

following matrix form for Two-Diminsional Convolute Integers using a 5 

by 5 data mask on a second order surface. 

'\ -2 -1 0 1 2 

-2 -13 2 7 2 -13 

-1 2 17 22 17 2 

0 7 22 27 22 7 

1 2 17 22 17 2 

2 -13 2 7 2 -13 

Normalizer 175 

All the coefficients and normalizers associated with the various A._ 

terms can be generated in a similar fashion. ^ 
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Equivalence to Regression 

The first half of the problem has been resolved. What now remains is 

the demonstration of the equivalence of the coefficients in Eq. (1) to a 

regression calculation. For ease of computational effort, a somewhat 

trivial, though perfectly general, problem will be considered. An analy¬ 

tical surface will be used. 

The surface has no noise; the intensity z(x,y) obtained by applying 

regression calculations to such a surface is merely the value of the sur¬ 

face at the point in question. Regression calculations do not alter a 

perfect surface. Therefore, the equivalence to regression calculations 

can be shown without actually doing the regression but rather by using a 

perfect analytical surface. 

Consider the third order surface 

z(x,y) = 10 + 5x + 6y + 12xy 

+ 2x2y + 21xy2 + 54x3 

+ y3 • 

The intensity at point 0,0 is 10. Applying the two-dimensional convolute 

integers for a second order surface using a 5 by 5 mask in Eq. (1) should 

produce an intensity value at the same location of 10. The intensities 

of this surface at the 25 points in the data mask are 

Surface Intensity 

-2 -588 -133 -10 105 536 

-1 -465 -67 3 69 455 

0 -432 -49 10 69 452 

1 -483 -73 17 111 533 

2 -612 -133 30 210 704 

The product of the terms and values is 

395 



Journal of the Alabama Academy of Science 

C Z Products 
ij 

The sum of these values divided by the normalizer is just 1750 1 

175, or the value of the surface at the center point of the data mask. 

Thus, applying the two-dimensional convolute integers as indicated 

in Eq. (1) is equivalent to doing a two-dimensional regression calcu¬ 

lation. 

CONCLUSION 

An alternate approach to doing two-dimensional regression calcu¬ 

lations has been presented for those topographical problems where the 

data are formatted such that neighboring points are positioned at 

equal intervals. 

The logic of a weighted average where the weighting coefficients are 

two-dimensional convolute integers has been shown to be equivalent to 

regression. Also, the manner by which these unique coefficients are 

generated has been seen for the special case of a second order surface 

and a 5-by-5 point data mask. 

Although no physical interpretation has been given to these unique 

coefficients, they are finding a wide variety of application in topo¬ 

logy; contour mapping; optical image data processing; low-, high- and 

band-pass filtering; and false magnification. 
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APPENDIX* 

m n np 

v- . i+u j+v V' u v 
L E A-iiXk y = E zk\ yi< 

np 

ij k k •'k 

i=0 j=0 k=0 k=l 

ct 8 
Let = x yp, a third rank tensor. Consider A a second rank tensor 

n ij 

(amatrix). Now (5) becomes 

ljk^UvkAij ^iik^UvkAij ^uvkZk 

Note that this represents not just a simple matrix multiplication but a 

contraction of higher order tensors. 

Xpjk is a third rank tensor, (m+1) by (n+1) by np, and A^j^ is second 

rank, (m+1) by (n+1). Now a one-to-one correspondence can be made between 

an<^ XYqg of Eq. (9) by a reduction of the ij indices to a. 8 and k 

ar^ identical. i and j range over 0<_i<_m, 0<_j<^n, but are constrained 

by the requirement to remain on the surface defined by m+n, or i+j m+n 

surface constraint. This surface constraint allows a to be considered 

for i+j. 

Since the range of values for a is 0 £ a = i+j <_ m+n, by the simple 

rules for the summation of consecutive integer values, the number of a 

terms is nt, where 

nt = (m+n+1) (m+n+2)/2 

Having reduced the third rank tensor to the second rank tensor 

XY n, Eq. (6) evolves as the usual form of normal equations in a regression 

calculation. 

*Acknowledgment: The author wishes to express his appreciation to Randy 

Knight, Physics Department, University of Califormia Berkeley, for his 

assistance in developing the Appendix. 
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PROVISIONAL ESTIMATES OF ALABAMA'S GROSS STATE PRODUCT 

William H. Etheredge 

Manager of User Services 

University Computer Center 

Northeast Louisiana University 

Monroe, LA 71201 

One aggregate statistic frequently used to analyze the performance 

of a state's economy is Gross State Product (GSP). GSP may be calculated 

by estimating the market value of final goods and services produced or 

by approximating value added through summing the sales of Alabama firms 

less their purchases of intermediate goods. Either of these estimates of 

GSP at the state level is comparable to the gross national product concept 

used by the U.S. Department of Commerce to provide a measure for total 

national economic activity. This article explores the methodology for a 

provisional estimate of Alabama's GSP and presents such estimates for the 

period 1964 to 1972. 

The principal use of GSP has been to trace the historic relationship 

among the major income generating sectors of the state. Since these 

sectors may be linked to the national economy, fluctuations in national 

policies will have some degree of impact upon Alabama industries. Con¬ 

sequently, knowledge of these impacts and their timing is an important 

policy tool at the state level. Additionally, estimates of total final 

product by major sectors provide the opportunity to examine their inter¬ 

relationships. Accordingly, state policies on industrial development, 

land use controls, or energy regulation can be evaluated by examining 

their potential influence on the total production of each sector, and sub¬ 

sequently the state economy. Furthermore, GSP estimates are frequently 

found in personnel and bank reports as an integral component in setting 

economic tone, and in product and market growth models of private busi¬ 

nesses and public utilities as paradigm inputs. 

The necessity for a GSP estimate is reinforce when we consider what 

indices are presently available to assess economic activity. Prior omis¬ 

sion of a GSP estimate for Alabama has been partially compensated for 

by two major indicators which tend to reflect economic activity within 

the state. The first is a series on personal income published by the 

U.S. Department of Commerce and reprinted in Business Week magazine. The 

second is a composite index of production maintained by the Center for 

Business and Economic Research at the University of Alabama. The personal 

income series measures earned income plus (net) transfers regardless of 

where the economic activity occurs and consequently the series may be 

interpreted as the end result after the forces generating income or pro¬ 

duction have occurred; the industrial index is designed to weigh aggregate 

movements in industrial components only. Thus a need exists for an estimate 

of total output which combines the income generating forces from all sectors. 
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METHODOLOGY 

The method employed here in the derivation of GSP estimates is essen¬ 

tially a modification of the procedure used by Kendrick and Jaycox (1969). 

The GSP estimate constructed for Alabama follows the value added approach 

by summing the payments to resources in three sectors of the state's 

economy; namely, farm, private nonfarm, and government. Of these three, 

the farm sector's value added is the most readily determinable. It is 

calculated by subtracting the total current farm expenses from the total 

dollar value of farm output (refer to TABLE 1). Since data are available 

this determination of gross farm product (GFP) is termed direct. 

Gross government product (GGP) is defined by the U.S. Department of 

Commerce as the compensation of government employees (which includes mili¬ 

tary personnel). The lack of a minor component in the compensation of 

governmental employees at the state level, supplements to wages and sal¬ 

aries, necessitates the use of an estimating procedure. Consequently, 

GGP at the state level is calculated by incorporating in the K-J method 

a refinement due to L'Esperance, Nestel, and Fromm (1969). L'Esperance 

and his colleagues suggest that the contribution of federal, state, and 

local government in a state should be calculated by the following equation: 

GGP 

Income Originating in 

State and Local Governments 

State and Local Governments 

Wages and Salaries 

Alabama State and 

X Local Government 

Wages and Salaries 

Income Originating in 

Federal Government 

Federal Government 

Wages and Salaries 

Federal Government 

X Wages and Salaries 

in Alabama 

The equation circumvents the omission of the supplement figure by using 

national coefficients; the rationale is that the coefficients will inflate 

Alabama's wages and salaries by the amount of supplemental compensation. 

In passing, it is important to note that GGP is primarily a direct cal¬ 

culation since only the minor component supplements to wages and salaries, 

is estimated. 

Once GGP and GFP have been derived at the state level, we need the 

gross product determination for the private nonfarm sector. Owing to the 

lack of income-originating data, this determination, unlike the GFP and 

GGP determinations (except for the minor supplemental estimate), is 

accomplished through an indirect procedure. The first step is to decom¬ 

pose the sector into seven major industries (refer to TABLE 2), so that 

national coefficients can be applied on a single industry basis. This 

procedure generates a more precise estimate of the sector's gross product 

inasmuch as the major industry differences between the Alabama economy 

and the national economy are taken into account. This, of course, is in 

contrast to the alternative of applying one national coefficient to the 

entire sector. The algorithm for effecting an industry's gross product 
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originating (GPO) is identical for each industry with the exception of 

manufacturing; manufacturing requires an extension and will be discussed 

separately. In either case, a national coefficient is applied to income 

received by persons within the state participating in the industry's 

production in order to generate an income-originating value. Once this 

is obtained, a similar procedure is invoked to compute capital consumption 

and indirect business taxes for the industry. The algorithm for calcu¬ 

lating gross product orignating for an industry is summarized symbolically 

as follows: 

10 
— X PI 
_T s 

10 
s 

CC 

_X 0 = CC 

10 
n 

IBT 
n 

10 
n 

X 10 
s 

IBT 
s 

10 + CC + IBT 
s s s 

GPO 
s 

10 equals income originating, PI equals participation income, CC equals 

capital consumption, IBT equals indirect business taxes, GPO equals gross 

product originating and the subscripts s and n denote a state value and a 

national value, respectively. Although this method assumes that the 

economic structure of Alabama resembles that of the nation, studies in 

Nevada, Georgia, North Carolina and Maryland, to mention a few, have indi¬ 

cated that this procedure yields reasonable estimates of GPOs. Neverthe¬ 

less it should be pointed out that the procedure may systematically under¬ 

estimate true product for a "low wage" state and, conversely, consistently 

overestimate true product for a "high wage" state. 

The calculation for the manufacturing GPO incorporates not only the 

previous algorithm, but also an extension attributed to Kendrick and 

utilized by niemi (1971). In order to eliminate the influence of the 

national coefficient, this extension weights the algorithmic GPO estimate 

by the following ratio: 

(VAs/LPg) / (VAn/LPn) 

VA represents value added, LP represents dollars allocated to labor payroll 

and the subscripts s and n retain their previous meanings. TABLE 2 

summarizes the calculations for the 1972 GPO estimates. The desired GSP 

estimate is the sum of these GPO's, GFP and GGP estimates. These computa¬ 

tions are also shown in TABLE 2. 
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RESULTS AND CONCLUSIONS 

Having obtained the GSP estimate for 1972, simple replication pro¬ 

duces the estimates for the previous years. TABLE 3 depicts the GSP 

estimates, and also reflects the structure of Alabama's economy for the 

period 1964 to 1972. From TABLE 3 and TABLE 4, the Alabama economy looks 

both stable and healthy. This stability is exemplified by ranking the 

Alabama industries in each year according to their percentage contribution 

to GSP. Then we may note that the distribution of ranks would be constant 

from 1964 to 1972 with manufacturing ranked first and mining ranked last. 

In fact, the only sector which has suffered a substantial decrease in 

its percentage contribution is the farm sector which accounted for 4.8 

percent of GSP in 1964 and only 3.4 percent in 1972. The major portion 

of the farm industry's share seems to have been redistributed to the 

service industry, which recorded an increase of 1.0 percentage point. 

Collectively Alabama's gross product for the period rose consistently 

from a low of 7526.4 in 1964 to 14424.1 millions of current dollars in 

1972. Alabama's share of GNP increased slightly from 1.19 percent to 

1.25 percent. 

Validity Considerations 

The statistical precision or reliability of these GSP estimates can¬ 

not be determined. Yet, we can certainly consider the plausibility of 

such figures. In validating Alabama's estimates the results were compared 

with the personal income series, GNP, the Center of Business and Economic 

Research's production index, and Alabama retail sales; any direct conflicts 

might imbue doubt in the validity of the estimates. No such conflicts 

were disclosed, but perhaps even more significant was the close corres¬ 

pondence (TABLE 5) between the Center's industrial production index and 

the GPO estimates for the manufacturing industry. Recall that GFP and 

the wage and salary component of GGP were calculated directly; thus the 

supplemental compensation component of GGP and the industries GPOs' are 

the only figures estimated. The L'Esperance method of calculating GGP is 

believed to produce a value very close to the actual one. If this is 

true, the major source of error in the GSP figure is the manner in which 

the GPO's were calculated. Considering this argument, the fact that the 

GPO for the largest industry is in line with the industrial production 

index substantially reinforces the validity of the estimates. Although 

we cannot say that these investigations are exactly exhaustive or con¬ 

clusive, we certainly can state that no evidence was uncovered which 

would lead to the rejection of these estimates as implausible. 
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TABLE 1. GROSS FARM PRODUCT OF ALABAMA 

(in millions of current dollars) 

1972 

VALUE OF TOTAL FARM OUTPUT 

1. Cash Receipts from Marketings 919.8 

2. Value of Home Consumption 21.6 

3. Gross Rental Value of Dwellings 80.6 

4. Net Rent to Nonfarm Landlords -0.8 

5. Net Change in Inventories 0.5 

6. Total (1+2+3-4+5) 1023.3 

INTERMEDIATE PRODUCTION EXPENSES 

7. F eed 238.0 

8. Livestock 45.3 

9. Seed 17.7 

10. Fertilizer and Lime 61.6 

11. Repair and Operation of Equipment 86.2 

12. Miscellaneous Operating Expenses 86.6 

13. Total (7+8+9+10+11+12) 535.4 

GROSS FARM PRODUCT (6-13) 487.9 

Source: U.S. Department of Agriculture, Economic Re¬ 

search Service, Farm Inacme State Estimates, 
1959-1972, Supplement/August 1973. 
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TABLE 4. 

COMPARISON OF GROSS NATIONAL PRODUCT 

AND GROSS STATE PRODUCT 

1964 - 1972 

(in millions of current dollars) 

YEAR GNP GSP GSP/GNP 

1964 632400 7526 .0119 

1965 684900 8187 .0120 

1966 749900 9035 .0120 

1967 793900 9634 .0121 

1968 864200 10537 .0122 

1969 930300 11344 .0122 

1970 977100 11995 .0123 

1971 1055500 13061 .0124 

1972 1155200 14424 .0125 

Source: U.S. Department of Commerce, Bureau of Economic 

Analysis, Survey of Current Business. 
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