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Some Strength Properties Of 

1 he Cahaha C oal Measures 

Robert M. Cox, Jr., and Phillip E. Deering 

School of Mines, University of Alabama, University 

INTRODUCTION 

The two basic methods of extracting coal in underground mines 
are the Room-and-Pillar and the Longwall. The efficient design 
of either of these mining systems requires a knowledge of the 

, physical strength characteristics of the coal and enclosing rock, and 
the state of stress in the rock mass. 

The state of stress at the mine level is usually assumed to result 
from the superincumbent rock load and the Poisson’s Ratio of the 
rock which produces partial confinement. The theory of elasticity, 
and the techniques of photoelasticity have been applied in the past 

■ and have resulted in considerable knowledge concerning the stress 
concentrations to be expected around various shaped openings 
under certain load conditions (1). The actual application of the 
theory has been hampered by the lack of knowledge of the true 
rock properties and the actual stress condition present in the mine 

l area. 
This paper is concerned with the partial results of research di¬ 

rected toward the determination of rock properties necessary for 
mine design. Tests were conducted on core specimens taken from 
diamond drill holes in the southern portion of the Cahaba Coal 
Field. 

The Cahaba Coal Field is located south and southeast of Bir- 
] mingham and is roughly bounded by Shades Mountain on the west 

and Highwav 31 on the east to Montevallo and West Bloeton on 
the south (2). The coal field consists entirely of coal measures of 
the Pennsylvanian age. 

The seam of particular interest was the Helena. The Helena 
seam outcrops to the north and reaches a depth of approximatelv 

\ 1300 feet toward the south. The various rocks tested in this in¬ 
vestigation were: coal, sandstone, conglomerate, and shale. To date, 
tests have been conducted on the cores taken from the three drill 
holes (H-C, H-D, H-J). 

31 MATERIALS AND METHODS 

Rocks for practical purposes can be considered to behave elasti¬ 
cally except that they are subject to creep over a long period ot time 
and are usually not isotropic. 
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There are, at present, no standardized test procedures for deter¬ 
mining the properties of rocks. The U.S. Bureau of Mines has at¬ 
tempted to set up guide lines (3), but the state of knowledge con¬ 
cerning rock behavior under load is still being developed and new 
techniques are developed frequently for determining various rock 
properties. 

The following is a list of the properties determined and a brief 
description of the test procedure employed. 

Density and Porosity were determined using a Russell Tube. 

Compression Strength was determined using samples with a 
length of diameter ratio between 1:1 and 2:1. The ends were lapped 
to produce small parallel surfaces within .001 inches. The specimens 
were loaded at a uniform rate of 100 lbs/sec until failure. The com¬ 
pressive strength was calculated by 

C = P/A 

where C = compressive strength, psi. 
P = load at failure, lbs. 
A = cross section area, sq. in. 

The angle of failure was also recorded. 

Tensile Strength was determined by the Brazilian Tensile Test. 
A disk was subjected to a compressive load along a diameter, and 
failed in tension along the load diameter. The tensile strength of 
the specimen was calculated by 

T = 2P/7rDt 

where T = tensile strength, psi. 
P = applied load, lbs. 
D = diameter of disk, in. 
t thickness of disk, in. 

Elastic Constants were determined by static and dynamic meth¬ 

ods for comparison. 
Young’s Modulus and Poisson’s Ratio were determined statically 

using SR-4 strain gages (4). The rock specimens were prepared 
similarly to those for compressive strength tests. Two strain gages 
were then attached to the specimen oriented in the vertical and 
horizontal directions. The load was applied and the strain meas¬ 
urements taken at incremental loads of 5,000 lbs. until failure oc¬ 

curred. 
The dynamic elastic constants were determined by sonic meas¬ 

urements of the resonant frequency type (5, 6). An Electro Sonome- 
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ter was used to vibrate the specimens in one of the fundamental 
modes, and the resonant frequency determined. The longitudinal 
and torsional resonant frequencies were determined and the values 
of Young’s Modulus, the Modulus of Rigidity, and Poisson’s Ratio 
were calculated bv the following formulas: 

(Longitudinal) E = 
16LWF2 

TTgD2 

(Torsional) G = 
16LRWF2 

7TgD2 

Poisson’s Ratio P = 
E(Long) 

2G 

Young’s Modulus, psi. 
Modulus of Rigidity, psi. 
Poisson’s Ratio 
resonant frequency, eps. 
length, in. 
diameter, in. 
weight, lbs. 
gravitational constant (386.4 in/sec2), 
shape factor 

RESULTS AND DISCUSSION 

Strength Properties 

The results of the compression tests performed on each tvpe of 
rock are shown in Table 1. The compressive strength for each 
material has been given as the mean of a number of tests (7). The 

TABLE 1. Compressive Strength Data 

Hole No. No. Samples Mean S.E. (1) a( 2) 8 (3) 

Sandstone H-C 6 21,113 715 66° 14° 
H-D 8 21,535 475 64° 19" 
H-J 9 22,569 808 61° 12° 

Conglomerate H-D 4 16,787 458 64° 19° 
Shale H-C 2 8,567 786 44° 14° 

H-J 7 12,172 430 45° 12" 

Coal II-C 3 2,331 230 51° 14" 
H-D 1 1,750 47° 19° 
H-J 1 2,724 58° 12" 
All 5 2,294 196 51° 

(1) Expected error of mean. 
(2) Angle between shear-plane and horizontal. 
(3) Deviation of core specimen from a line _|_ to the bedding plane. 

where E = 
G - 

P = 
F = 
L = 
D = 
W = 

g = 
R = 
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orientation of the shear-plane of failure is also given. From Table 
1 it can be seen that the compressive strength of each type rock 
varies only slightly from hole to hole. This suggests that it might 
be possible to determine an average value for each rock to be used 
in future mine design work. This statement may be altered when 
more data are available. 

The results of the tensile tests are shown in Table 2. The tensile 
strength for each rock also seemed to be fairly constant from hole 
to hole. This suggests that an average value could be used as men¬ 
tioned above. 

The compressive and tensile strengths were used to plot ap¬ 
proximations of Mohr’s failure envelopes for each of the rocks 
(Fig. L) to determine if it would be possible to predict the rock 
strength under triaxial loading conditions, based on information 
obtained from uniaxial tests. One approximation was assumed to 
be the tangent to the Mohr’s circles in compression and tension. 
A second approximation was drawn, based on the angle of the 
shear-plane failure («). The equation for the envelopes, assuming 
a straight line relationship is 

t = C -f- (t tan (\> 

where r = shear stress 
C = cohesion 
it = compressive stress 

(t> = angle of envelope with horizontal (internal friction). 

The Mohr’s envelopes for the sandstones showed the values of 
the angle of internal friction (</>) to be approximately 61 based on 
the tangent envelope and only 37° based on the angle of shear plane 
failure. The conglomerate also varied similarly. This could suggest 
that the cement matrix of the conglomerate, which is actually the 
same as the sandstone, controls the final failure even if the strength 
of the conglomerate is lower. A discussion of the mode of failure 

is given later. 
The Mohr’s envelopes for the shale were almost identical for 

the samples from both holes. The tangent envelopes gave values 

TABLE 2. Tensile Strength Data 

Hole No. No. Samples Mean S.E. 8 

Sandstone H-C 17 1,413 47 14° 
H-D 17 897 44 19° 
H-J 7 1,512 28 12° 

Conglomerate H-D 3 743 79 19° 

Shale II-C 4 928 142 14° 
H-J 11 1,175 116 12° 
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for the angles of internal friction of 52° and 54° respectively. The 
envelopes based on the shear plane angle were horizontal with a 
valve of 0° for <f>. This would indicate that the strength under con¬ 
finement would be a constant function of the confining stress. 

No tensile strengths were available for the coal, therefore, only 
the approximation of Mohr’s envelope, based on the angle of the 
shear-plane failure, could be plotted. Plots for the coal samples 
from each drill hole were made and compared. The angle varied 
from 4° to 21° and averaged about 12°. From the plots, it could 
be assumed that the strength of the coal under confinement would 
be the function of a slowly increasing variable times the confining 
stress. 

Triaxial tests would probably show the Mohr's envelopes to 
curve to the right. The results of other investigators (8, 9) con¬ 
cerning the Mohr's envelopes for rocks have shown the envelopes to 
be curved and the angle 4> to be variable with confining stress. At 
any rate, the approximate envelopes based on the angle a for the 
rocks woidd be of great value in projecting the expected strength 
of a rock under the lateral confinement which would usuallv be 
expected to exist under most mining conditions. 

Static Elastic Constants 

To date, static strain tests have been conducted on 4 specimens 
of coal, 4 specimens of sandstone, 3 specimens of shale. The curves 
for the sample of the same rock were plotted on the same figure for 
comparison (Fig. 2). 

The coal samples showed a fairly close agreement. If the initial 
consolidation at low stresses and the plastic flow prior to failure 
were eliminated, the plots for all four samples gave a Young’s 
Modulus of approximately .55 x 106 psi. The agreement is very 

FIGURE 1. Typical Mohr’s failure envelope. 
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FIGURE 2. Typical stress strain plot. 

good considering that the samples are from 3 different drill holes. 
This suggests that it may be possible to assume the Young’s Modulus 
constant for the entire mine area. 

The shale sample showed even better agreement than the coal. 
The Young's Modulus was determined to be approximately 3 x 10H 
psi below a stress of 8,000 psi. Above 8,000 psi, there was very 
definite plastic flow before failure occurred. This stress condition 
would have to be avoided and a stress of 8,000 assumed as the 
failure point. 

The sandstone samples showed a very good agreement with an 
approximate 5 x 10fi psi Young’s Modulus. The samples all failed 
violently as suggested by the curves (See Fig. 2). A stress condi¬ 
tion approaching failure should be avoided. 

An example of the plots of lateral strain vs. vertical strain from 
which Poisson’s Ratio was determined is shown in Figure 3. 
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Only 3 curves were available for the coal because of a strain 
gage failure during one test. The three samples showed a rather 
wide scatter for Poisson's Ratio with an approximate average of .2 
for the group. The curves were not too straight, suggesting that 
Poisson's Ratio may be a function of stress level and that the coal 
is not entirely elastic. 

The plots for shale showed much better agreement with an 
average Poisson’s Ratio of approximately .2 for the group. The 
Poisson's Ratio remained fairly constant even above the vertical 
strain level of 2,000 micro-inches indicated as the transition point 
in the Young’s Modulus plots. 

The four samples of sandstone showed an almost identical trace. 
However, the Poisson’s Ratio varied with the stress level and in¬ 
creased as the stress level increased until failure occurred. This 
indicates plastic deformation in the lateral direction that was not 
shown in the Young’s Modulus plot. This phenomenon will need 
further study before a conclusion can be drawn. 

In general, from the above comparisons, it can be assumed for 
practical purposes that the static elastic constants are the same for 
each rock tvpe throughout the mine area. 

Dynamic Elastic Constants 

Dynamic tests are by necessity conducted on specimens with a 
length to diameter ratio greater than 3 and over 8 inches long. 

Table 3 contains the values obtained for the dynamic elastic con¬ 
stants. The static constants have been included for comparison. As 
can be seen, the dynamic value corresponds fairly well with the 
static values. However, no definite conclusions can be drawn as of 
now because of lack of sufficient data. 

The dynamic Poisson’s Ratio was highly variable and cannot be 
accepted as a true value. The value of dynamic Poisson’s Ratio is 
dependent on the values of Ed and Go and a one percent error in 
frequency used to calculate either Ed or Gd reflects as a 25% error 
in Hd. 

Further dynamic tests will have to be conducted before any 
conclusions can be drawn. However, it should be emphasized that 
the static and dynamic values are not necessarily representative of 
the same load conditions. 

Mode of Failure 

The mode of failure of brittle materials such as rocks is con¬ 
siderably different from that for ductile materials. 
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SHALE 

H-G-A = ® 
H-J-10= * 

£u Cu-'N/in) 

FIGURE 3. Typical lateral vs. vertical strain plot. 

The failure of a cylindrical specimen of rock in compression can 
vary from complete shear-plane failure, as would be expected, to 
complete axial cleavage fracture (10). Axial cleavage fracture is a 
phenomenon unique for brittle materials that results from the de¬ 
velopment of tensile stresses in a direction perpendicular to the 
applied compressive load. The presence of this tensile stress caused 
the specimen to fail in tension along planes parallel to the direction 
of the applied compressive stress at a load less than that necessary 
for the development of complete shear-plane failure. Most of the 
samples tested to date have failed as a combination of shear-plane 
failure and axial cleavage failure. One specimen failed with a fully 
developed shear cone at a stress of 28,000 psi. Two specimens ex¬ 
hibited complete axial cleavage failure at stress of approximately, 
12,000 psi. The other specimens exhibited a combination failure at 
values from 19,GOO psi to 24,000 psi. 

The same factors that cause axial cleavage failure in compression 
specimens are responsible for the failure of the tensile specimen in 

the Brazilian Test. 
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TABLE 3. Elastic Constants 

Sample Es E„ G„ fJ-a 

Sandstone H-J-24 
H-J-26 3.32 .11 

5.09 2.52 .01 

H-T-28 5.28 2.22 .19 
It-1-29 4.82 .32 6.47 3.06 .05 
H-J-D 5.59 .27 
H-D-4 4.69 .36 
H-D-5 5.31 .36 

Shale H-T-10 
H-J-A 

3.35 
2.35 

.24 

.12 
H-J-20 
H-C-A 3.53 .17 

2.17 .99 .10 

Coal H-C-l .60 .17 .18 .08 .13 
H-C-2 .53 .27 
H-D .27 .11 

Es = Static Young’s Modulus 

yU,s = Static Poisson’s Ratio 

E(l = Dynamic Young’s Modulus 

G(i = Dynamic Modulus of Rigidity 

fxa = Dynamic Poisson’s Ratio 

The phenomenon of axial cleavage failure in rock specimens has 
been attributed to the variations in friction between the ends of the 
specimen and the loading machine platens. It has been thought 
that high friction forces would cause shear plane failure whereas 
the absence of friction would result in vertical splitting at lower 
stress. However, specimens tested bv the authors with steel-capped 
ends have also exhibited axial cleavage failure. This suggests that 
it may be a distinct property of brittle materials that will require 
further investigation before an acceptable explanation can be de¬ 
veloped. 

It was of interest to note that the failure planes of the conglom¬ 
erate samples in both tension and compression passed through the 
conglomerate pebbles. This indicates that the strength of the 
cementing matrix is actually the same as the sandstone, and woidd 
explain the apparent strength difference between the sandstone and 
conglomerate (Tables 1 and 2). One specimen of conglomerate 
actually failed along a plane that missed the pebbles and indicated 
a strength in tension comparable with the sandstone. 

The pebbles of the conglomerate were made up about 50-50 of 
quartz and shale with a few coal pebbles. 

CONCLUSIONS 

(1) The compressive and tensile strengths for each rock lor 
practical purposes can be considered constant within the' mine area. 
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(2) The elastic constants can be considered the same for each 
rock type within the mine area if under the same stress level. The 
values of the elastic constants are variable with the stress level. 

(3) The mode of failure in compression is dependent upon 
several factors and usually occurs as a combination of shear-plane 
failure and axial cleavage fracture. 

(4) The strength of the conglomerate is dependent on the 
strength of the pebbles within it. 

(5) Approximations of Mohrs envelopes based on the angle of 
shear failure should be applicable for practical purposes for estimat¬ 
ing strength under confinement provided an adequate safety factor 
is used. 

It should be remembered that these conclusions are temporary 
and subject to modification as additional data become available. 

This type of information should be of value in designing safe 
roof spans and pillar dimensions in Room and Pillar Panels and 
predicting roof behavior in Longwall operations. 
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Refinement Of Grains Of I .o>v C arfion Steel By 

Annealing In A Magnetic Field1 

Roman Skorski2 

Department of Metallurgical Engineering 

University of Alabama, University 

INTRODUCTION 

It is sometimes claimed that the annealing of a material can 
influence the mechanical properties of steels (2, 3, 4). These claims 
have not been generally accepted or recognized. In order to con¬ 
centrate on one aspect, this paper considers only the possibility of 
the refinement of grains resulting from magnetic annealing. A 
theoretical calculation based on classical and quantum mechanical 
considerations has already been stated to the effect that the an¬ 
nealing above and below the Curie point causes a refinement of 
the grain size (4). Above the Curie point this effect is the result 
of short range ferromagnetism. Until now, there has not been suf¬ 
ficient experimental work conducted to test the validity of the 
theory. 

MATERIALS AND METHODS 

The materials used for this investigation were Armco Iron and 
plain carbon 1018 and 1040 steel, in the form of 3mm diameter rods. 

The design of the furnace used has been described in a previous 
publication (3). 

Samples were annealed at temperatures above and below the 
Curie point for fifteen minutes both with and without a constant 
magnetic field of 700 oersteds. A constant field was chosen to limit 
the results to one variable. With this in mind, only a temperature 
above the Curie point (800° C) was reported in this investigation. 

RESULTS AND DISCUSSION 

The difference in grain size of the Armco Iron specimens an¬ 
nealed in a constant magnetic field as compared to that treated 
normally was very evident (Fig. 1). The same results were ob¬ 
served in the 1018 steel (Fig. 2). In the higher carbon 1040 steel, 
a much smaller difference was detected for the fifteen minute an¬ 
nealing time. 

1 Research sponsored by the Army Missile Command — Huntsville, Ala¬ 
bama. 

2 I am grateful to Mr. Joseph Klein, graduate student in the Department of 

Metallurgical Engineering, for his assistance in preparing the metallographic 

examination of the samples for this article. 
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Lower specimen was treated in a 700oe field. Note the difference in grain size. 
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The reason for the refinement can be considered to be an in¬ 
crease in surface tension induced bv the magnetic field (4). Surface 
tension can be defined as, considering a sphere, 

P = (t r0 where cr = surface energy, 
r0 = radius of the sphere 

Consider the attraction force between opposite poles of a magnetic 
dipole of length, L, and with magnetic charges, P 

Magnetic moment, m, of the dipole is: 
M = PL_ 1 

mechanical moment of the dipole is: 
N = MH_ 2 

Hence, the force, F, of the moment, N, is 
N PLH 

F = — =- = PH 
L L 

The induction of the pole with charge, P, at distance, r, from its 
center is: 

P 

-brr2 
4 

On the other hand, the induction R = /aH where ^ is the magnetic 
permeability, a magnetic field HP induced by a magnetic pole with 
the charge P is: 

5 

Hence, the force of attraction between two poles of opposite signs 
as it is in a ferromagnetic bar is: 

o 

47rr2ja 

This corresponds to the Coulomb law. 

When the two magnetic poles approach so that their centers coin¬ 
cide, the work done is: PPIL. Hence, the energy, W, in the mag¬ 
netic bar is: 

W = RHSL_ 7 

Where, S is the surface of the magnetic poles. Since, SL is the 
volume of the ferromagnetic bar therefore, the magnetic energy 
density, E, in the bar is: 

E = BI4 8 

Hence, the force F = PH = BPIS = /aIPS 9 

From this, one finds the tension caused by the magnetic field on the 
surface of the magnetic poles of the magnetic bar is 
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Temp. Time Field Magn. Etchant 
800’C. 15 min. 700oe 500 X 2% Nital 

FIGURE 2. Photomicrograph of 1018 steel annealed for 15 minutes at 800 C. Th 
small grain size is seen in the specimen annealed in a magnetic field of 700oe. 



Refinement of Grains 17 

Pm = 
H H2S 

S 
/LiH2 10 

Since the intensity of the magnetic field is a square term, the direc¬ 
tion of the field is of no consequence. Therefore, the effect of the 
magnetic field on ferromagnetic grain is the apparent increase of 
its surface tension bv the component ;aH2, and the total surface 
tension is: 

Pt = — + MIR _ __----- 11 
ro 

Hence, the annealing of ferromagnetic grain in a magnetic field 
allows the formation of a new grain size with a diameter n smaller 
than the diameter ro (corresponding to the absence of a field). 

Concisely: 

Pt = — =— + /HI2_ 12 
ri ro 

which shows that n < ro_13 

The fact that grain refinement is observed above the Curie point 
as well as below can be interpreted in terms of short-range mag¬ 
netism and is, therefore, consistent with theory. The noticeable lack 
of difference in grain size of the 1040 steel is probably due to the 
increased carbon content which slows the reaction time. Longer 
annealing times would produce the same difference as observed 
in other materials (3). 

CONCLUSIONS 

The refinement of grains in steel and Armco Iron by nse of a 
magnetic field during annealing has been found possible. Experi¬ 
mental proof has been found to substantiate the theoretical con¬ 
siderations to the effect that the decrease in grain size results from 
the apparent increase in surface tension attributed to the magnetic 
field (4). 
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Geography — Physical Or ( ullural 

H. D. Hays 

Department of Geology and Geography 

University of Alabama, University 

It might possibly be that a better title for this paper would be, 
GEOGRAPHERS, WHERE ARE WE GOING? For a number of 
years, geography as an academic discipline has been undergoing 
some rather drastic changes. Mt my of these changes have been 
needed and there is still room for improvement. Much of the 
change that we have seen taking place over the last twenty years 
has been the deemphasis in physical geographic training and an 
increasing amount of research and academic work in cultural 
phases, and especially in regional and area studies. Any time two 
or more geographers get together, discussions develop as to where 
geography is going, how professional geographers should be trained, 
what backgrounds are best at the undergraduate level, and even 
reach the point of heated arguments as to what is geography. 

In general, most geographers being trained at the undergradu¬ 
ate level, and to a considerable extent at the graduate level, are 
being taught generalities. This had led many undergraduates to 
ask, “What can I do when I graduate?” Of course the obvious 
answer has often been, “What can you do with a degree in English 
or History or Philosophy? This of course is an evasion of the 
question — because with proper undergraduate training there are 
now numerous positions that can be successfully filled by geo¬ 
graphers. It is apparent however, that we need to give the under¬ 
graduate more specialized training in specific areas, and to fit the 
academic program to the demands of employing agencies. Then as 
demands change so should we change the curriculum. At the present 
time, there seem to be two areas of greatest demand for personnel, 
one is for physically oriented geographers and the other is in the 
field of regional planning. 

For many years, geographers going on to graduate school had a 
background in geology, biology, or possibly botany. During the 
1920’s, more and more students were entering graduate school in 
geography with social science degrees, and this trend has continued 
to the present time. At the University of Alabama our graduate 
students have undergraduate degrees in history, political science, 
sociology and mathematics, as well as geography. This usually 
means that the student finds it necessary to pick up certain under¬ 
graduate courses as background for graduate work. This has tended 
to cause graduate students to steer away from physical and quantita- 
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tive course work. Most departments are, at the present time, geared 

to train students in either the physical or cultural aspects of geog¬ 

raphy, and in some cases the departmental offerings are such that 

he may specialize in either direction. Due to the many discussions 

that have come up over this in the past several years I thought it 

might be interesting to take a look at some factual information and 

find out if possible just what colleges and universities are offering 
in the way of course work, what subjects graduate students are 
using for theses or dissertation research, in what fields jobs are 
available, and what kind of training is desired by the hiring agencies. 

In gathering this information, I made use of three principle 
sources. (1) Jobs in Geography (JIG), published monthly by the 
Association of American Geographers, (2) the Professional Geog¬ 
rapher (PG, another AAG publication), and (3) the Directory of 
College Geography of the United States (DCG), published jointly 
bv the southeastern division of the AAG and the University of 
Kentucky. From these sources I was able to obtain some rather 
interesting information regarding academic training, research, and 
jobs available. I will be the first to admit that this is a rather in¬ 
volved subject. However, the information in these three publica¬ 
tions is factual information and cannot be classified as heresay. 

First let's look at the research being done by graduate students 
in the United States and Canada. This information was taken from 
the Nov ember issue of the PG from 1963 through 1965, which listed 
all dissertations completed during those three years in the United 
States and Canada. The total number of accepted doctoral dis¬ 
sertations listed was 63 in 1965, which includes 55 at U.S. univer¬ 
sities and 8 at Canadian institutions. Out of the total number of 63, 
seventeen were written on some phase of physical geography, (cli¬ 
matology, glaciology, geomorphologv, physiography, plant geog¬ 
raphy, soils, etc.). Forty six dissertations were written on either 
regional, cultural, economic, or statistical subjects. Of the seven¬ 
teen dissertations written on some physical phase, five were written 
at Canadian universities, or five out of eight of the Canadian dis¬ 
sertations were on some physical geographic subject. Going back 
to the PG for November of 1963, I found that of 75 dissertations 
listed, 14 were of a physical nature, of this total 13 of the 75 were 
Canadian, and 6 of the Canadian dissertations were physical. In 
the PG, November 1964 there were 72 Ph.D. dissertations listed as 
complete, one was Canadian and it was physical. There were a total 
of 10 physical projects out of the total of 72. The total number of 
dissertations for the past three years has been 207, with 41 written 
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on some aspect of physical geography or about 20 percent over the 
three-year period. 

Next, let us consider for a moment the job possibilities in geog¬ 

raphy. I am including teaching in colleges and universities, indus¬ 

trial and commercial, government and research positions. This 

particular area is obviously the most difficult about which to obtain 
factual information or to get a really representative picture. I felt 
that the JIG would at least give some pattern as to demand in 
various fields. I have used the November, December, and January 
issues of |1G rather than go back several months or years, because 
I felt that this was up to date information. In these three issues 
there were listed 153 different job openings in the field of geogra¬ 
phy. This did not include Federal fobs listed under Civil Service 
registers, of which there are many, many more, nor jobs with the 
Aeronautical Chart and Information Service. 

Out of the 153 different job offerings listed, 123 were in college 
or university teaching, and 30 were in government research, in¬ 
dustry and commerce. I have divided the teaching positions into 
five rather broad categories, i.e., 1. physical (including climatology, 
biogeography, physical elements, meteorology, and earth science), 
2. resource use, urban and regional planning, conservation, 3. eco¬ 
nomic and quantitative methods, 4. cartography, photo interpreta¬ 
tion and mapping, and 5. regional, cultural, political, historical, etc. 
There were obviously some listings which were difficult to fit into 
a particular category or which could be included under more than 
one division, these cases were divided as evenly as possible under 
different categories. 

O 

First under the heading of physical geography there were 45 
job listings in the teaching profession and 5 job listings under non¬ 
teaching categories; secondly, there were 22 teaching and 17 non¬ 
teaching jobs under planning, land use and conservation, for a total 
of 39. Most of the non-teaching jobs in this category were in city 
or regional planning. In the third division, economic and quantita¬ 
tive geography, there were 10 teaching and 2 non-teaching jobs. In 
cartography, air photo interpretation and mapping there were 13 
teaching and 4 non-teaching jobs, in regional and cultural geo¬ 
graphic job listings there were 33 teaching and 2 non-teaching jobs. 
Looking at these figures it is quite obvious that we are not training 
enough geographers in physical methods or planning. Approxi¬ 
mately 40 percent of the job listings in the last three months were 
in physical, and only 20 percent of the Ph.D.s in the past three years 
had enough interest in physical geography to do their dissertation 
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in this field, and about one-fourth of this total was done in Canadian 
universities. The table below was compiled from information taken 
from the PC, 1963, 1964, 1965. 

Dissertation Areas for 1963, 1964, 1965 

1963 1964 1965 Total 

Physical Geography 14 10 17 41 
Economic & Quantitative 21 21 16 58 
Urban 8 7 8 23 
Land Use 21 18 14 53 
Political, Regional, 15 9 8 32 
Historical, Etc. 

79 65 63 207 

In some cases it was difficult to decide under which division a 
thesis topic should be placed, therefore an effort was made to divide 
those of a questionable nature on as even a basis as possible be¬ 
tween their possibilities. 

After a perusal of the graduate research being carried on, I next 
turned to the undergraduate instruction. Information was obtained 
from the 1964-65 edition of the DCG. An attempt was made to 
divide course material on the same basis as research. This was 
found impractical due to the large volume of courses carried under 
different names or titles. In order to come up with some reasonable 
statistics, I divided the United States into seven geographic regions: 
West Coast, Rockv Mountain, Great Plains, Great Lakes and Mid¬ 
west, Southwest, Southeast, and Northeast. Within each region I 
picked one, most often two, and sometimes three colleges or uni¬ 
versities in each state which offered a bachelors degree in geog¬ 
raphy. The purpose of this breakdown was to determine if there 
was any relationship between graduate research as was done in 
various geographic regions and undergraduate training. 

Distribution of Undergraduate Courses by Subject and Region 

Photo 
Region & Number 

of Colleges Courses Physical Urban & 
Planning 

Economic 
& Regional 

Interpreta¬ 
tion & 

Cartography 

West Coast 11 66 (6) 24 (2.1) 192 (17.1) 19 (1.7) 
Rocky Mtn. 11 38 (3.7) 13 (1.1) 109 (9.9) 3 (.27) 
Great Plains 4 31 (7.7) 5 (1.2) 34 (8.5) 4 (1) 
Great Lakes and Midwest 20 129 (6.4) 51 (2.5) 276 (13.8) 26 (1.3) 
Southwest 7 13 (1.8) 5 (.71) 43 (6.1) 3 (.42) 
Southeast 19 97 (5.1) 44 (2.3) 264 (13.8) 23 (1.2) 
Northeast 16 68 (4.2) 20 (1.2) 151 (9.4) 12 (.75) 

Totals 88 442 (5.0) 
25% 

162 (1.8) 
10% 

1069 (12.1) 
60' { 

90 (1.0) 
5% 

Total courses 1763 
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The information on courses taught includes both undergraduate 
and graduate level courses. It is immediately apparent that there is 
considerably less course work and time devoted to physically ori¬ 
ented subject matter than to cultural and regional material, and 
there is very little time or course work devoted to planning courses, 
either urban or regional, where there is at the present time a great 
demand for trained personnel in federal, state, municipal and pri¬ 
vate planning agencies. Furthermore, under the various newlv 
organized government poverty and “Great Society programs, there 
is going to be an ever increasing number of job openings in various 
aspects of planning for which geographers are, or should be, well 
suited through proper training. This same situation holds true for 
geographers with a strong background in physical and systematic 
geography. The many new federal programs relating to water re¬ 
sources, highway development, urban renewal, recreation, wild 
river studies and others, can all make use of geographers with a 
good physical background as well as those with Land Use studies. 
It might be that we should make some attempt to reorient our 
strength in course work, both undergraduate and graduate, along 
these lines. It may be true that this is only a passing phase, and 
may well change within a few years, but nevertheless, at the present 
and for the foreseeable future this is where young geographers are 
Lroing to find employment within the profession. 



Mobile Harbor 23 

Mobile Harbor: Problems Of Internal Improvement 

During I be Ante-Bellum Years1 

Alma B. Weber 

Department of Economies 

University of Alabama, University 

The history of Mobile, Alabama, is inextricably interwoven 
with that of the bay and harbor on which the city is located, and 
with the history of the intricate system of rivers which forms a con¬ 
necting link between the rich hinterland and the world of trade 
and commerce beyond. This fine harbor is itself possessed of cer¬ 
tain major advantages. It is land locked, therefore its ships are af¬ 
forded a greater degree of protection than are the ships at Galveston, 
Pensacola, or even at New Orleans. Also, Mobile is easily accessible 
to ports of Europe, as well as to those of South America and the 
Caribbean area. Furthermore, the system of island waterways 
fanning out from the harbor into Alabama and neighboring states 
is surpassed in potential mileage by only two in the United States, 
the Mississippi-Missouri system and the Columbia. 

Mobile has, however, throughout its history been faced with 
major difficulties, for the inland waterways have required a tre¬ 
mendous amount of work in order to be made navigable, while the 
harbor is shallow and a great deal of dredging has been necessary 
to deepen existing channels and to solve the problem of shoaling 
at the mouth of rivers. Two bars have been especially troublesome 
— those formed at the mouth of Dog River and at Choctaw Pass 
(11,31). 

Within a few years after Alabama had achieved statehood. 
Mobile had become the seat of commercial activity for all of South 
Alabama, an area that included counties as far northward as Shelbv, 
Tuscaloosa, and Fayette, and all counties to the South, for their 
outlet was the Alabama River system through the port of Mobile. 
Although the Alabama, the first steamboat in the state, built at St. 
Stephens, met with engine failure it was soon followed by the 
Boston-built Mobile (1819) which left the city of Mobile bound 
for Tuscaloosa but was stopped at Deiuopolis because of strong 
seasonal currents in the Warrior River (32). Soon after, this regular 
service opened rapidly from Mobile as new steamboats were added 
on the Alabama, Tombigbee and Warrior Rivers, and vessels plied 
regularly between Mobile and coastal and foreign ports (7). People 

1 The author acknowledges with appreciation the financial assistance of the 

University Research Committee (University of Alabama) which made this 
report possible. 
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in the interior of Alabama began to count on Mobile as a port of 

supply for dry goods, groceries, hardware, and also as an outlet for 

their products of farm and forest. 

At the same time, however, counties of northern Alabama were 

becoming closely tied to Mobile’s rival port — New Orleans, for 

they found it necessary to market by way of the Mississippi River 

system. The state has, indeed, always found it diffeult to be united 
economically or even politically as a result of the great highland 
barrier that separates the northern and southern sections. During 
the formative period as well as later in an attempt to offset this 
divisive influence repeated efforts were made to connect the two 
river systems, first by canals, as early as 1823, and in the I830’s 
by railroads (1, 24, 34). Such plans were favored by both sections 
of the state, for northern counties were compelled not only to sell 
through New Orleans, but to bring imports through ports as far 
away as Savannah and even through Charleston, while counties in 
the southern and central parts of the state would have found it 
less expensive to buy western flour, pork, and whisky directly from 
Tennessee rather than by way of New Orleans and thence up 
through Mobile. 

Early plans for connection by canal vanished because chartered 
companies were unable to raise sufficient capital, and plans of the 
Federal government to develop a southern system of navigation 
involved tremendous expenditures. The country generally was be¬ 
ginning to oppose public expenditures for internal improvements, 
and by the late 1830’s Alabama, along with most sections of the 
country, was turning its attention to the development of rail¬ 
roads (25). 

Nevertheless, economic and commercial interests in Mobile were 
deeply concerned with the problem of obtaining better river and 
harbor facilities, and onlv seven years after Alabama had become 
a part of the union, leaders were urging the federal Congress to 
grant aid in removing obstructions in rivers and harbors. On March 
6, 1826, Senator Edward Lloyd from Maryland (4) representing 
the committee on commerce presented a resolution directing an 
inquiry into the expediency of making an appropriation for the 
removal of obstructions and improving the bay and harbor of 
Mobile (26). The report cited difficulties encountered, stating that 
after entering the harbor, “vessels drawing over 7 feet of water 
are compelled to ascend Spanish River, over shoals and mud flats 
. . . to about ten miles above; then beat down in the opposite direc¬ 
tion.” Furthermore, he continued, they must, “in winter remain at 
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anchor between Dog River and the channel, subjected to heavy 
charges for lighterage” (26). The report continued to state that 
all of this might be avoided, or “in a great measure alleviated by 
clearing out the channel and removing the obstructions in the 
Western or Choctaw Pass of the River.” In the opinion of the 
harbor master and warden of the port, “based on an actual survey 
the work could be completed for not more than ten thousand 
dollars’ (26). The first grant was made in this year. 

The growing importance of the southern seaport to the economy 
of the section was also indicated, for Congress was informed that 
Mobile was “the principal if not the only port, of the fertile and 
rapidly increasing State of Alabama, and the emporium from which 
a great part of the supplies, not onlv of the State but of West 
Florida, were received, and whither their valuable produce of 
cotton is directed.” The same committee also noted that “with the 
rising consequence of Mobile, Treasury returns have increased 
nearly seven fold in five years” (27). 

Of major importance to the development of internal improve¬ 
ments in Alabama was the work of the Twentieth Congress, for 
on May 23, 1828, an act was approved to grant to the State of 
Alabama 400,000 acres of unrelinquished and appropriated lands 
for the purpose of improving navigation of the Tennessee, Coosa, 
Cahawba and Rlack Warrior rivers (35). 

It was section seven of this act that was to be used for many 
years thereafter as an argument in favor of Congressional aid for 
any improvements on the waterways mentioned in the act, for it 
provided that “said rivers when improved as aforesaid, shall remain 
forever free from toll for all property belonging to the government, 
and for all persons in their service, and for all citizens of the United 
States, unless a toll shall be allowed by Act of Congress.”2 On March 
2, 1829, Congress made another appropriation for improvements at 
Mobile Harbor, this time for $20,000 (36). 

Many times in the years to come it was to be noted by future 
petitioners that by this act Congress had virtually closed the door 
to any improvements by the State since private interests would not 
be likely to seek charters that, if granted, would permit no financial 
return from tolls. Nor could the State itself exact any tolls In 
which it might repay itself for outlav in making improvements. 

Some additional monies were provided by Congress for work 

2 One example of this may he found in the annual report of Captain A. N. 

Damrell, the U.S. Engineer in charge of rivers and harbors ai Mobile for mam 

years (5). 
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on the Tennessee River in 1831 (37) but after that no further pro¬ 
visions were made for the improvement of Alabama’s waterway - 
river or harbor — until 1834. In its second session the Twenty- 
second Congress granted, for improving the harbor at Mobile by 
removing the bar at Choctaw Pass, the sum of ten thousand dollars 
(38). Alabama was not mentioned, however, in the rivers and 
harbors act of 1836 (40), but the following year grants were made 
totaling ten thousand for placing buoys in the harbor and for the 
erection of a lighthouse on Sand Island, opposite Mobile Point (41). 
The same year Congress appropriated fifty thousand dollars for im¬ 
proving the harbor at Mobile by removing the bar of the Choctaw 
Pass and Dog River bar. Provisions was also made for erecting a 
marine hospital at Mobile. Additional lighthouses and buoys were 
provided for Mobile harbor in 1838. In the same year Congress also 
voted another fifty thousand dollars to be used for improvements 
at Dog River and Choctaw Pass (42). 

For several years thereafter Congress, reflecting general public 
opposition to such expenditures by the federal government, made 
no grants for rivers and harbors, and very few for any internal im¬ 
provements.3 However, in 1844 an act was passed which provided 
for improvements of “certain rivers and harbors,” but Alabama was 
not one of the states included. During the late 1840 s the sessions 
of Congress were occupied with matters pertaining to the Mexican 
War and affairs in Texas, and there seems to have been little at¬ 
tention given to matters of any internal improvements (28, 29). 

Commercial interests at Mobile were, however, persistent in 
their appeals to the federal government, and in April 1840 the Com¬ 
mittee of Commerce of the blouse of Representatives attached a 
report to a bill recommended by that committee. This report was 
in reply to a joint petition that had been submitted to Congress by 
citizens of Mobile and the Alabama legislature, and is remarkably 
similar to petitions that were to be sent to Congress from the Board 
of Trade, the Cotton Exchange, the Chamber of Commerce, and 
later sessions of the Alabama legislature until the end of the nine¬ 
teenth century. The same two obstructions were persistently trou¬ 
blesome, those at Dog River and Choctaw Pass, and it was repeat- 
edlv noted that any vessels deep enough to venture out into the 
ocean found it necessary, because of these obstructions, to anchor 
some twenty miles down the bay from Mobile, and to discharge and 

3 An article published some years later reviewed changing attitudes during 

the nineteenth century toward the constitutionality of Congressional appropria¬ 

tions for internal improvements (8). 
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receive cargoes by lighters. This entailed great expenses and much 
potential profit was lost to merchants and planters, while cargoes, 
especially cotton were damaged to the extent that merchants in 
London and other foreign ports preferred goods shipped from New 
Orleans (12, 13). 

The Congressional committee on commerce in 1846 reported 
that although thev recognized the growing importance of Mobile, 
and that although shipments were great, and that the harbor was 
obstructed, vet they were unwilling to make appropriations for the 
improvements contemplated, “until correct and accurate surveys 
were made” (28). Although the committee did go on to recommend 
an appropriation, Congress failed to make such a grant at this time. 
Provision was made in 1852 for $50,000 to be spent in removal of 
obstructions at both Dog River and Choctaw Pass, with additional 
amounts provided for buoys and beacons amounting to nine thou¬ 
sand dollars (43). Again in 1854 the Alabama legislature sent a 
strong petition to Congress, one in many respects similar to that 
of eight years before. It was observed that not only had these ob¬ 
structions interferred with the trade of Mobile, but that as a result 
revenues of the federal government had been greatly diminished 
through loss of direct importations. In a memorial from the Legis¬ 
lature of Alabama, it was stated that estimates of the cost and plans 
for removing the obstructions had already been sent to Congress. 

This estimate was evidently one which had been submitted in 
December 1853 by the Department of Engineers to the War De¬ 
partment and transmitted over the signature of Jefferson Davis, 
then Secretary of War, and was for a channel depth of 16 feet at 
mean low tide and was designed to admit ships drawing 17 feet 
at mean low tide. The suggestion was also made that Spanish River 
and a branch of Mobile River at Pinto Island be closed up, for it 
was believed that this work would help to keep the channel open.4 
The report also predicted that the opening of the Mobile and Ohio 
railroad within a few years would bring about a change in the char¬ 
acter of trade at Mobile, and would put the port on a more favorable 
footing with New Orleans, New York and Boston.5 

4 This seems to have been the beginning of a controversy between advo¬ 

cates of the dredging method, employed by the United States engineers, and 

a method of scouring recommended by Albert Stein, a hydraulic engineer of 

international reputation. The controversy was to be resumed after the Civil 

War and was to continue until 1872 (29). 

5 In post Civil War years, however, changes resulting from railroad connec¬ 

tions were found to be disappointing, for freight was carried to New Orleans 

for shipment abroad, rather than from Mobile. This was because obstructions 
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Attached to this petition of the State legislature was one from 
the citizens of Mobile. On January 17, 1854, a general town meet¬ 
ing was called in Franklin Hall, with John Forsyth,* * 6 editor of the 
Mobile Register serving as chairman, to consider memorializing 
Congress on the vital subject of harbor improvements. The petition 
had been prepared by a committee headed by Charles C. Langdon, 
mayor, and other leading citizens, including Albert Stein, the emi¬ 
nent hydraulic engineer, who was for some twenty years to play a 
major role in a bitter controversy regarding the best method of 
obtaining a permanent channel of sufficient depth to accomodate 
ocean going vessels (10, 30). The local press observed that the 
memorial included strong arguments in favor of the constitutionality 
of internal improvements at Federal expense, and that Southern 
Democrats were now defending what was, at that time, generally 
considered a favorite Whig doctrine (15). 

It was soon to become evident that Albert Stein disagreed 
sharply with the United States Engineers as to the best method 
of obtaining permanent harbor improvements. In a letter to the 
Mobile Advertiser in May 1854, Stein reported that he and a “party 
of public spirited citizens had made a trip up the Mobile River in 
an effort to see just what obstacles existed, and then to discover their 
proper remedy (16). 

Stein, who claimed that his method had been successfully em¬ 
ployed on the Clyde and Weser rivers, and in the harbor at New 
Orleans (19), urged that the only permanent remedy was the scour¬ 
ing method. He contended that dredging was only a temporary 
measure, whereas, by forcing the current into its normal channel, a 
scouring force would eventually “give a proper direction to the line 
of current, ' and the current would carve out its own channel (16). 

The proposed Harbor Bill which had been the subject of numer¬ 
ous petitions from the State and City, had included an appropriation 
of $100,000, but, although it had narrowly passed Congress, it was 
not even supported by Mobile’s own Representative, Philip Phillips, 
and was vetoed by President Franklin Pierce (17). 

Citizens of Mobile then determined not to wait for Federal aid 
but to put their “own shoulders to the work, either by private effort, 
city subscription, or both combined (18). As such steamers as 
the Black Warrior changed their destination to other ports, gen- 

in Mobile Harbor made it necessary to send cargoes to the lower harbor by 

lighterage (33). 
6 Forsyth, long time editor of the Mobile Register, born in Georgia, Prince¬ 

ton graduate, served as minister to Mexico for two years, and was a Jacksonian 

Democrat (10). 
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erallv New Orleans, citizens of Mobile resolved to arouse them¬ 
selves to assure their commercial prosperity (18). 

Local merchants, in their enthusiasm for Stein’s method raised 
a sum variously reported as $25,000 to $30,000 and placed it at the 
disposal of Stein (6, 9, 31). John King was employed to carry out 
the project of closing up the pass between Pinto and Blakeley Is¬ 
lands in order to give greater force to the main channel from Mobile 
River. King, however was arrested after an affidavit had been 
sworn to by E. B. Hall and a warrant had been issued by Circuit 
Judge Charles W. Rapier. Section 1209 of the Alabama Code made 
the obstruction of navigable waters a misdemeanor. King was bound 
over to the court. The Board of Revenue Commissioners, to whom 
the case was referred, however unanimously approved the work 
of King and recommended that he be authorized to proceed with 
completion of the work according to plans previously adopted (17). 

Although Congress had failed to pass the Harbor Bill the previ¬ 
ous year, work of the Government Engineers was still under way, 
and in February Captain Ledbetter, in charge of Harbor facilities 
at Mobile, was quoted in the local press as having stated that recent 
dredging operations carried on by the United States Engineers, 
rather than the work of Stein, were responsible for the increase in 
depth of two feet over Dog River bar. The observation was made 
that Choctaw Pass was indeed filling up, rather than being made 
deeper, and the implication was clear that Stein’s method might be 
responsible (20). Since Choctaw Pass was the main passage to the 
Mobile wharves, this posed a major problem to commercial interests. 

Again in 1856 the local press urged Mobilians to send petitions 
to Congress praying for appropriations for improvements at Mobile 
Harbor. No reference can be found at this time to the work of 
Albert Stein. In spite of petitions that were sent to Congress, how¬ 
ever, Mobile was not included in the list of appropriations for in¬ 
ternal improvements in 1856 (21). In 1857 Congress failed to pass 
a general bill for improvement of rivers and harbors.7 

The next efforts of Mobilians to improve harbor facilities seem 
to have been at the State level, and a bill was introduced by Percv 
Walker which resulted in heated controversy throughout the closing 
months of 1859 (23). The bill was eventually amended to meet 
the approval of Mobilians, and was passed by the House on Feb¬ 
ruary 13, 1860, (22) and by the Senate a few days later (2, 3). The 
measure, however, required the approval of Congress, which was 

7 It should be noted, however, that William E. Martin stated that Congress 

made an appropriation of $20,833.08 for Mobile Harbor, a relief claim (12). 
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never given. Therefore Mobile Harbor was to wait almost a decade 
for further improvements, as war and reconstruction intervened. 
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Influence OI Some Ions Of Naturally Occurring 

Products On Gastric Secretion In I lie Frog 

Kama! S. Yackzan and C. H. Clark 

Department of Physiology and Pharmacology 

Auburn University, Auburn, Alabama 

INTRODUCTION 

The effect of Gymnema sylvestre fractions on gastric secretion 
in the in vitro gastric mucosa of the frog, Rana pipiens, or the guinea 
pig, Cavia porcellus has been reported elsewhere by Yackzan (1964, 
1965). The previously reported results indicated that one or more 
fractions of the plant Gymnema sylvestre depressed the rate of acid, 
II1, secretion in the gastric mucosae of the above mentioned animal 
species. Further work revealed that the aqueous extract in certain 
concentrations may not always suppress acid secretion. This contra¬ 
diction to the earlier findings suggested the possibility of a new vari¬ 
able. The purpose of this study was to learn something of the role 
of the potassium ion which occurs naturally in Gymnema sylvestre 
in influencing acid rate secretion in the frog. 

O O ^ 

In this introductory note a clarification of nomenclature and the 
terminology used for various fractions of the plant may be ap¬ 
propriate. Hooper ( 1887, 1889) in his early chemical investigation 
of the extract of the leaves of Gymnema sylvestre gave the name 
gymnemic acid to a brownish black aggregate of resinous substances 
which he precipitated from an alcoholic aqueous extract of the 
plant by acidification. This precipitate is of unspecific nature and 
possesses antisaccharine properties. The term gymnemic acid is 
used to designate the physiologically active principle. In this text 
the following may be noted: crude extract and aqueous crude ex¬ 
tract refer to similar unspecific chemical substances, namely gym¬ 
nemic acid. Purified crystalline material and powder refer to similar 
unspecific chemical substances namely the purified gymnemic acid 
or its sodium or potassium salt. The isolation of gymnemic acid in 
this form has been reported by Warren and Pfaffmann (1959). The 
salt occurs naturally in the leaves in the form of potassium salt, 
Hooper (1889), and may be extracted in water. In the text the term 
drug will be used to refer to the unspecific active principle in anv 
of the above forms. 

MATERIALS AND METHODS 

The gastric mucosa was held between two chambers as shown 
in Figure 1. The fluids bathing the mucosa were designated as 
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FIGURE 1. Diagram of in vitro gastric mucosa studies. C: calomel electrodes; G: 
glass electrode. G and electrode C on secretory side are connected to pH stat. VTV: 
vacuum tube voltmeter; Am: microammeter; M: gastric mucosa; E: Current-sending 

electrodes; Pb: lead disc. Pb acetate agar adjacent to Pb disc; layers of agar made 
of secretory solution and nutrient solution extend from Pb acetate agar to dotted 
lines. Secretorv and nutrient solutions between dotted lines and stomach. (From 

Rehm 1962.) 

nutrient or secretory depending upon whether they were on the 
nutrient or secretory side of the mucosa. The nutrient side was 
bathed with cold blooded Ringer’s solution which contained more 
than one anionic species. The secretory solution had the same 
cation concentration but differed from the nutrient solution in the 
anionic species, the chloride ion being the only anion. The fluids 
to which 95% oxvgen and 5% carbon dioxide were continuously 
added were made to flow by the mucosa and to bathe it adequately. 
The volume of the fluid in each chamber was about 10 ml. This 
volume was adjustable. For further details the reader is referred 
to the papers by Rehm (1962), Davies (1948), and Crane et al 
(1948). 

The fractions from Gymnema sy l vest re containing the active 
principle were either a crude extract or a purified crystalline ma¬ 
terial from it. These fractions were added on the nutrient side of 
the membrane to a gastric mucosa actively secreting acid. The 
membrane was then rinsed as needed. The species used was Rana 
pipiens. 

RESULTS AND DISCUSSION 

Recent results show that the aqueous extract in certain con¬ 
centrations may not always suppress acid secretion. In view ol 



34 Journal of the Alabama Academy of Science 

the report by Harris, Frank, and Edelman (1958) that acid secre¬ 
tion is influenced by the potassium ion, K+, it was reasonable to 
expect that this ion might be causing the deviation from the earlier 
results. Harris and coworkers (1958) found an inverse propor¬ 
tionality between potassium concentration, on the nutrient side of 
the mucosa in the chamber, and the potential difference and a 
direct proportionality between acid secretion and potassium. The 
results of the experiments in this laboratory appear to agree with 
those of the above investigators that an increase in potassium con¬ 
centration on the nutrient side of the gastric mucosa enhanced acid 
secretion (Fig. 2). The results of Harris and coworkers (1958) 
may be compared with those reported in Figure 2, namely that 
increasing the K+ concentration on the nutrient side of the gastric 
mucosa up to 9 milliequivalents per liter enhanced acid secretion. 
A concentration of 20 milliequivalents of potassium per liter or 
above caused acid secretion to decrease in this study (Fig. 2). 
When the concentration of naturally occurring potassium was in¬ 
creased in the aqueous extract, increased acid secretion did not 
always occur. 

The effect of potassium in the plant extract on the potential 
difference and on the short circuit current of the mucosa is not 
well understood. Harris and Edelman (1960) showed that an in¬ 
crease in K+ on the nutrient side of the gastric mucosa of the frog 
resulted in a fall in its potential difference, current flow, and re¬ 
sistance. These parameters in this studv were depressed by the 
purified crystalline material which may be used as the sodium or 
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FIGURE 2. The effect of the potassium ion on gastric secretion when added to the 
nutrient side of the gastric mucosa. Note the increase in acid secretion. Note also 
that increasing the potassium concentration to 20 milliequivalents per liter or above 
decreased acid secretion in this experiment. Other parameters have been omitted 

(see text). 
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potassium salt. The membrane resistance may show an increase. 
In work of this type sodium did not appear to influence gastric 
secretion. It is necessary to elucidate the structure of gymnemic 
acid before a definitive role for potassium may be assigned or under¬ 
stood. To date no exact quantitative studies could be made on the 
active principle whether in the form of a salt as in the extract or 
in the crystalline material. The latter, crystalline gymnemate, 
whether in the form of potassium or sodium salt, in concentrations 
of about 0.05% suppresses acid rate by about 50%. It may be noted 
that the effect of the active principle is cumulative. Addition of 
the extract or the powder within intervals of 5 to 10 minutes adds 
to the biological effect of this drug. It is difficult to determine 
if this effect is due largely to changes in iso-osmotic conditions. Con¬ 
tinuous drug addition leads to total suppression of the acid rate. 

Figure 3 shows the effect of crystalline gymnemate on acid rate 
secretion in confirmation of earlier findings. In this experiment the 
crystals were in the form of sodium salt. The percent suppression 
of the acid rate varies from one sample to another and in different 
animal species (Yackzan, 1964). This may be due to the biological 
activity contained in the leaves or to extraction techniques. It 
appears that the active principle responsible for suppression of 
acid secretion is bound to the potassium ion. This ion may have 
some separate influence on gastric secretion, but this investigation 
did not provide evidence for this. Variation in this product and 
in the yield of the purified material has made the finding of an 
optimum dose difficult. As a result, irreversible suppression of the 

EFFECT OF POWDERED GYMNEMA 

®= 0.5 CC. GYMNEMA SOLUTION, 5.0 MG./0.5 C G. 

@= 0.5 CC. GYMNEMA SOLUTION, 5.0MG. / CC. 

FIGURE 3. The effect of the powdered Gyninema (sodium gymnemate) on gastric 
secretion, when added to the nutrient side of the mucosa. Other parameters have 
been omitted (see text). 
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acid secretion which usually results may be due to an overdosage of 
the purified crystals of the active principle, gymnemic acid, as 
shown in Figure 3. Such irreversible action may not result normally 
when the aqueous crude extract is used. 

In addition to the possible role of the potassium ion, other fac¬ 
tors which might contribute to the variation in mucosal effect in¬ 
clude: (1) oxidation or hydrolysis of active material, and (2) foam¬ 
ing resulting from membrane aeration. The latter, in addition to 
reducing the time of contact with the mucosa, may enhance de¬ 
activation of gymnemic acid by enhancing the former. 

Despite the uncertainty of origin of the newlv detected variable, 
namely the cation, K f, and its effect on acid secretion, it is believed 
to be essentially of lesser magnitude in its biological effect when 
compared to the acidic fraction, the anion, gymnemate, of this nat¬ 
urally occurring drug. 

The assistance of Mr. Richard L. Shoemaker, University of Alabama Medi¬ 

cal Center, Birmingham, in various aspects of this research is greatly appre¬ 

ciated; also the technical assistance of Mr. Charles E. Branch and Mr. Charles 

M. Buchanan is hereby acknowledged. 
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Some free Amino Acids Of Young Cliick Embryos 

Myrtle D. Alexander and Charles E. Keys 

Florence State College, Florence, Alabama 

INTRODUCTION 

Although a great deal has been published about amino acids 
present in the avian egg (Romanoff and Romanoff, 1949), and in 
specific organs at later stages of development of the chick embryo 
(Needham, 1963), little has been found in the literature about 
the content of free amino acids in embryos at most of the stages 
covered bv this study. Deuchar (1963a) has published some data 
on free amino acids in 48-hour chick embryos. The purpose of this 
research was to studv chick embryos at approximately 24, 30, 40, 
and 54 hour stages of incubation to determine qualitatively by 
chromatographic methods the free a-amino acid content, and to 
note any changes in occurrence of an acid in successive stages. 

MATERIALS AND METHODS 

Procedures for the work were as follows. Eggs were incubated 
to obtain embryos of the four desired stages of development. Thin- 
laver chromatogram (TLC) sheets were used with one-dimensional 
solvents only, as the temperature control necessary for two-dimen¬ 
sional methods was lacking. For this reason also Rf values were not 
computed, as distance of solvent advance is related to temperature. 
Much of the published material on paper chromatography that 
applies to free amino acids can be closely followed when using thin- 
laver chromatography on silica, such as preparation of material, 
solvents, and detection. Ascending chromatography, used in this 
research, was especially recommended for quick analysis of a num¬ 
ber of samples. Sources most frequently consulted for chromato¬ 
graphic procedures were Block, Durrum, & Zweig (1958) and Bren¬ 
ner, Niederwieser, and Pataki (1965). 

Methods of preparing the embryonic material for TLC are out¬ 
lined below: 

1. Care was taken to keep the incubated egg from being turned, 
since the embryo normally floats to the top. An “X” pencilled on 
the top simplified the matter. When several sets were incubating 
at one time it was helpful to mark the time and date started as well 
as time and date for removal. 

2. The blunt end of the egg was punctured to release air and 
allow the embryo to drop. This left a space above the embryo which 
permitted removal of shell without injury to the embrvo. 
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3. The shell was punctured carefully at the top and pulled away 
with tweezers until a hole approximately 2x/2 cm. in diameter was 
open above the germinal disc. The shell and shell-membrane were 
removed together. If the shell-membrane were removed after the 
shell has been removed, the membrane may fall and adhere to the 
embryo causing tearing and loss of the embryo in attempts to re¬ 
move the membrane. 

4. A filter paper ring approximately 1 cm. inside diameter, de¬ 
pending on age of embryo, was dropped over the embryo location. 
The paper ring adhered to the embryonic membranes. 

5. A puncture was made at the outside edge of the ring with 
iris scissors and the membrane was cut around the paper ring. 

6. The paper ring and adhering membranes were firmly grasped 
with tweezers so that the point of the tweezers remained on the 
paper, and the object gentlv transferred to a watch glass of distilled 
water. 

7. Under a dissecting microscope the somite pairs were counted 
or other characteristics denoting embryonic age were noted, and 
one edge of the paper ring cut through with small scissors. 

8. The embryo was cut out with iris scissors (care being taken 
to remove all yolk), and transferred by dropper to a fresh watch 
glass for washing and additional trimming if necessary. It was then 
transferred to a test tube fitted with a teflon-tipped homogenizing 
pestle. As little water as possible was transferred with the embryo. 

9. When the desired number of embryos was collected in a 
minimum of distilled water (approximately 0.5 ml.) the embryos 
were homogenized using Tri-R Stir-R equipment. 

10. Eastman ehromagram sheets, Type K301R2 without fluore¬ 
scent indicator, were removed from a chromodesicator cabinet and 
the silica gel scraped off in parallel lines forming ten columns 2 x 20 
cm. This was to prevent sideways spreading of amino acids. Amino 
acid abbreviations, date, and embryo age were pencilled lightly at 
the top of the columns. 

11. Nine known a-amino acids and one embryo aliquot were 
spotted 3 cm. from the bottom on each sheet, using an estimated 
one microliter per spot. Several aliquots were put on each embryo 
spot with drying between applications. For this experiment two 
sheets of TLC were used at every test to secure comparisons with 
18 of the 23 known a-amino acids found regularly in proteins. 

12. After room drying, the sheets were placed nearly vertical in 
stainless steel racks in battery jars and tightly covered. The solvent 
was 2 to 3 cm. deep and the sheets were 1 cm. deep in it. Each 
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batten' jar was lined with desk-blotter paper to absorb solvent and 
produce a uniformly saturated atmosphere. 

13. When the solvent was approximately 2 to 3 cm. from the 
top of the sheets the racks were removed and the solvent front 
marked. The sheets were dried and sprayed with ninhydrin. 

14. Upon drying the colored spots were circled for comparing 
position of known acids with embryo spots, thus providing a perma¬ 
nent record if colors faded. 

RESULTS AND DISCUSSION 

Sixteen chromatograms were run with aliquots of various known 
a-amino acids for comparison with the embryo aliquot in two solvent 
systems: (1) butanol:glacial acetic acid:water, 4:1:5, and (2) 
ethanol:water, 70:30. The butanol solvent gave clearly negative 
results on isoleucine at 30 hours of incubation, and the ethanol 
solvent gave the same results for histidine at that stage. Further 
chromatographic analysis of these was not done. 

In each of twenty-five additional analyses by TLC, the 18 known 
a-amino acids in Table 1 were compared with aliquots of homo¬ 
genized embryos in the four stages of incubation. The use of nine 
solvent systems listed in Table 2 was attempted but some solvents 
proved unsatisfactory and were discarded before completion of 
analysis in all four stages. Solvents were made up in 500 to 600 ml. 
amounts and the ratios are all v/v. 

TABLE 1- a-Amino Acids Used For Comparison With Embryo Amino Acids 

1. Arginine 
2. Cystine 
3. Glutamic acid 
4. Glycine 
5. Leucine 
6. Lysine 

7. Methionine 
8. Phenylalanine 
9. Threonine 

10. Tryptophan 
11. Valine 
12. Tyrosine 

13. Alanine 
14. Proline 
15. Cysteine 
16. Aspartic Acid 
17. Serine 
18. Asparagine 

TABLE 2. Solvent Systems Used For TLC Detection of a-Amino Acids in 
Chick Embryos 

1. Butanol—glacial acetic acid—water (4:1:5) 
2. 96% Ethanol—water (70 ml.:30 ml.) 
3. n-Propyl alcohol—water (1:1) 
4. Phenol—water (1:1) (Unsatisfactory) 
5. Phenol—water (3:1) (Unsatisfactory) 
6. Methylethylketone—Pyridine—glacial acetic acid—water (70:15:15:2) 
7. t-Butanol—glacial acetic acid—water (15:3:2) 
8. n-Butanol—glacial acetic acid—water (1:1:5) (Unsatisfactory) 
9. 96% Ethanol—28% ammonia (70:30) 
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TABLE 3. Summary Of TLC Analysis To Determine The a-Amino Acids Present 
In Young Chick Embryos 

a Amino Acids Present Not Detected Inconclusive 

Essential to Chick Growth: 

1. Arginine X 
2. Cystine X 
3. Glutamic acid X 
4. Glycine X 
5. Leucine X 
6. Lysine X 
7. Methionine X 
8. Phenylalanine X 
9. Threonine X 

10. Tryptophan X 
11. Valine X 
12. Tyrosine X 

Non-essential to Chick Growth: 

13. Alanine X 
14. Proline X 
15. Cysteine X 
16. Aspartic Acid X 
17. Serine X 
18. Asparagine X 
19. Histidine X 
20. Isoleucine X 

Of the first 18 acids in Table 3, analysis indicated that 7 wets 
present as free amino acids in the embryos tested. They were: 

Arginine 
Glutamic acid 
Lysine 
Alanine 
Aspartic acid 
Serine 
Asparagine 

Results for cystine and cysteine were not conclusive. Chromato¬ 
graphs of the other nine acids did not indicate the presence of these 
acids in the embryo. It may be that these amino acids occurred in 
amounts too small to be detected by our techniques. However, the 
concentration of the aliquots of embryo homogenate was increased 
with no difference in results. 

It was surprising that leucine was not found since it has been 
identified by other investigators (Keys and Barnes, 1960, and 
Deuchar, 1963 a, 1)) in embryos of this age, and it comprises 18% 
of egg proteins; more than twice as much as any other amino acid 
(Romanoff and Romanoff, 1949). Deuchar (1963a) identified 
glveine, threonine, valine and tyrosine in the free amino acid pool 
in 48 hour chick embryos. However, Deuchar’s work did not indi¬ 
cate that serine, asparagine, and arginine were present as free amino 
acids in contrast to the results indicated above. 
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One purpose of the investigation was to note changes in occur¬ 
rence of these acids at successive stages of development. No such 
trends were noted except in the case of alanine, which was not de¬ 
tected in several cases at the 54 hour incubation period. 
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Unemployment And Vocational Education 

Charles W. Langdon 

Samford University, Birmingham, Alabama 

Fiscal Approach to Reducing Unemployment 

In the early 1960’s there was much talk by economists of the 
need to reduce unemployment to four per cent. At that time unem¬ 
ployment was hovering between five and six per cent, and anything 
over six per cent was considered serious. In fact, a country could 
be classified as a distressed area under the Area Redevelopment 
Act if it had over six per cent unemployment for a limited length 
of time. So the great goal of the Federal government was to reduce 
unemployment to the magic number of four per cent. 

The one favorite method of reducing the unemployment rate 
in the Soaring Sixties has been through fiscal policy. This has 
boiled down to a practice of maintaining high government spending 
and incidentally of incurring deficts. (Since President Kennedy’s 
first deficit of $3.8 billion in 1961, deficits have continued to the 
present fiscal year). A contributing factor to the deficit after 1964 
has also been a substantial income-tax cut in that year. Partly as 
a result of Federal government fiscal policy, the current expansion 
is in its 65th month, as of July, 1966, second only to the prosperity 
of the World War II period. 

A statement from the Joint Economic Committee of the 87th 
Congress (5) expressed the prevailing sentiment of the fiscal ap¬ 

proach as follows: 

In an expansion period of any duration, the unemployment rate should 

eventually approach the earlier full employment neighborhood of 4 per cent. 

Since the unemployment rate reached 3.7 per cent in the 62nd 
month of the expansion, one might think that this was a time for 
national jubilation. We have reached our goal, but is it a time for 
great satisfaction? It would not appear so when one considers that 
this is close to being a wartime economy with what may be the 
beginning of a period of spiraling inflation. In addition the nation 
still has a large body of hard-core unemployed, with, paradoxically, 
labor shortages in many skills. 

Our position is not to condemn fiscal policy in toto. The position 
taken here is that fiscal policy is but one method of creating full 
employment. But fiscal policy will not bv itself close the gap. All 
jobs will not necessarily be filled as a result of having an expanding 
economy. It is not as simple as this quote by the Joint Economic 
Committee (5) would make it out to be. 
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. . . Many of the jobs in expanding activities like trade, services, and gov¬ 

ernment do not require extensive training but can be filled by individuals 

possessing onlv moderate amounts of formal education and skill. ... If the 

employers do prefer teenagers or women, displaced industrial workers will find 

themselves at the back of the hiring queue. . . . 

Let us examine this statement. First, it is stated that “many jobs 
do not require extensive training. , . .” It is certainly true that 
there are still plenty of machine-tending dial-watching jobs. But, 
this is a period that might be called a “research revolution,’ or a 
second industrial revolution (7). Therefore, it is a time when 
the number of machine-tending jobs is declining. Contemporaneous 
to this we are experiencing a population explosion, which means 
that more jobs have to be created for a growing supply of labor. 
The result is a growing number of unskilled workers available for a 
reduced number of unskilled jobs. At the other end of the scale, 
we see a greater demand for skilled jobs. The following table shows 
the change in composition of unskilled, semiskilled and skilled 
workmen in the steel industry between 1954 and 1964 (8): 

Skilled 
Semiskilled 
Unskilled 

1954 
Per Cent 

Distribution 

27.8 
48.8 
23.4 

100.0 

1959 
Per Cent 

Distribution 

30.2 
48.9 
20.9 

100.0 

1964 
Per Cent 

Distribution 

32.2 
48^9 
18.9 

100.0 

This shows that the percentage of semiskilled jobs in the steel 
industry remained almost constant. However, the percentage of 
unskilled jobs shrank in 10 years by 4.5 per cent, while the percent¬ 
age of skilled jobs rose 4.4 per cent. 

The second part of the above statement indicated that these 
jobs “can be filled by individuals possessing only moderate amounts 
of formal education and skill. ...” Of course, what a “moderate” 
amount of formal education is, would require some interpretation. 
But, it would seem that many millions of Americans do not even 
possess a minimum amount of ability necessary to take training. 
Consider these statistics: In the United States, the median years 
of school completed by persons 25 years of age and over is 10.6. 
The figure for the South is 9.6, and the figure for Alabama is 9.1 
(4). It was reported in the 1960 census that 8.3 per cent of Ameri¬ 
cans had completed less than five years of school. The equivalent 
figure for Alabama was 16.3 per cent. This percentage included 
9.4 per cent of the whites, and 36.0 per cent Negroes (4). 

Although the 1960 census states that only 2.4 percent of Ameri¬ 
cans are illiterate, it would appear there is a considerable gap be- 
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tween this educational accomplishment and the poor performance 
of many job aspirants. Edgar May wrote in “The Wasted Ameri¬ 
cans’' (6): 

Personnel managers in major industries are learning that the school grade 

a man said he completed does not mean that he can do work at that level. 

More and more companies are giving prospective employees basic reading and 

writing tests, many of which do not go beyond the elementary or early high 

school level. The scores often startle personnel experts. In Massachusetts the 

personnel director of a large corporation told me: 

'We have been testing for about ten years. We give simple spelling and 

arithmetic tests to all high school graduates who come in here and frankly we 

are surprised at the number who can’t pass. I’d give you the exact figure, but 

some time ago one of our men mentioned the high rate of failures, and it 

raised such a hob in the community that we decided it would be better if we 

kept them confidential.’ 

Many of these people who are functional illiterates are the same 
ones who become the hard-core unemployed. (Functional illiterates 
incidentally are defined as people who cannot read well enough to 
do fifth grade work). Why do people end up being functionally 
illiterate? The answer is that they become hopeless failures in our 
school system and eventually drop out. What is the cause of the 
dropout? This is difficult to put one’s finger on but there are 
probably four causes; the individual, his parents, the neighborhood 
environment and the school system. As the Committee for Eco¬ 
nomic Development pointed out:1 

Education is a cumulative process, the result of a combination of activities 

going on simultaneously and successively in a person’s life. Deficiencies in the 

educational process also tend to cumulate. Children whose home and neigh¬ 

borhood environments provide inferior or negative educational experience also 

get inferior education in school. The same factors that make the home and 

neighborhood environment inferior — notably poverty — also operate upon the 

school system. Also the effect of the environment of the child — on his physical 

health and mental attitudes — weakens his ability or motivation to learn at 

school. Thus, even though in many poor districts of cities school expenditures 

per child are well above the national average, the educational result tends to 

be inferior. Similarly, those who receive inferior education in their earlier 

years are more apt to drop out early and tend also to receive inferior schooling, 

work experience, and on-the-job training later. 

Before going into the shortcomings of our educational system, 
consideration of two statistics on school dropouts is in order. 

(1) Thirty five per cent of those who enroll in high school fail 
to finish (1). 

1 Committee for Economic Development. Raising Low Incomes Through 

Improved Education. September, p. 22-23. 1965. 



45 Unemployment and Vocational Education 

(2) Between 1960 and 1970 it is projected that 7.5 million 
people who enter the labor force will not have finished high school.2 

Although the rate of dropouts is only about half of what it was 
30 years ago, demands of industry for more trainable apprentices 
are vastly greater. 

Faults of U.S. Education System 

Perhaps the biggest criticism of the EhS. education system is 
that it has not kept pace with changing economic and social condi¬ 
tions. The President’s Advisory Committee on Labor-Management 
Policy stated:3 

The requirements for general education prior to vocational and professional 

training have not kept pace with the shift in job opportunities. 

The required tvpes of vocational and technical training and retraining are 

often not available. 

There has been an inadequate liaison among school systems, industry and 

government with respect to future job requirements, and in fact there is insuf¬ 

ficient information about the nature of such jobs. 

Perhaps the greatest culprit of the educational system is the 
practice that requires all students to take a purely academic curricu¬ 
lum through high school. This is sometimes called the “college 
prep” course, because it prepares the student for college and pro¬ 
fessional training. The academic curriculum is fine for the student 
who wants to prepare to be a lawyer, doctor, journalist, scientist or 
just a general arts major. But, there are many primary and secon¬ 
dary school pupils for whom English, math or science is pretty 
much of a bore. This may be because their interests lie elsewhere, 
because they are slow learners, or because of a general lack of 
motivation. Perhaps a vocational or occupational curriculum should 
be available to rekindle lagging interest. The following authority 
stated this eloquently:4 

Vocational educators argue that no one learns without interest. Many 

young people of high school age — particularly those who do not do well in 

academic subjects — are primarily interested in going to work and earning 

money. Some have already developed an interest in a particular occupation. 

When students come from a family neighborhood background in which books 

and intellectual activities have a small role, it is often impossible for schools to 

2 U.S. House of Representatives, Committee on Education and Labor, Hear¬ 

ings on Title V —A of H.R. 300 and H.R. 4955, 88th Congress, 1st session 

March, April, 1963, p. 86. 

3 Report from the President’s Advisory Committee on Labor-Management 

Policy. Automation. Washington, D.C., January 11, p. 3. 1962. 

4 National Manpower Council. A Policy for Skilled Manpower, pp. 176- 

177. Columbia University Press. September, 1955. 
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capture their interest through the traditional curriculum. For all these reasons, 

it is argued, the school can best enlist the enthusiasm of many students by 

centering their studies about an occupational goal. Only in this way will it be 

possible for high schools to hold the two-fifth of all students who now drop 

out before graduation. Moreover once the student’s interest in purely occupa¬ 

tional training has been captured, it is then possible to extend his motivation 

into related courses such as mathematics and science, and sometimes into gen¬ 

eral education courses which had formerly seemed to have no connection with 

life. 

Recommended Action 

The academic curriculum should not he abandoned. Every 
student, before he leaves school, should be able to read, write and 
speak effectively; plus the ability of calculate. When the student 
should make the transition from the academic to the vocational 
curriculum would depend pretty much on the individual. As we 
shall see later, some slow learners should be allowed to phase into 
a vocational curriculum as early as the seventh or eighth grades. 
James B. Conant, ex-president of Harvard University, expressed his 
ideas on academic versus vocational education this way (2): 

First and foremost, vocational courses should not replace courses which 

are essential parts of the required academic program for graduation. Second, 

vocational courses should be provided in grades 11 and 12 and not require 

more than hall the students time in those years; however, for slow learners 

and prospective dropouts these courses ought to begin earlier. 

Many feel that the European system is more sound when it 
comes to vocational education. Under this system the neophyte 
craftsman is separated at about the age of 14 or 15 from the few 
who are destined for higher education. The future tradesman then 
continues in school briefly, for a year or two in vocational training; 
“but by fifteen or sixteen he enters apprenticeship, which lasts 
four or five years, sometimes supplemented by evening courses in 
school . . . then as he approaches his majority, he is formally ac¬ 
cepted as a journeyman.’5 The way in which a craftsman reaches 
his ultimate goal of journeyman in America is quite haphazard and 
accidental, so far as training is concerned. 

The present high school system in the United States runs some¬ 

thing like this: 
O 

There is a very small percentage of secondary schools that are 
primarily trade schools (though this deficiency is being overcome 
lately with Federal aid under the Vocational Educational Act). 
The majority of secondary schools are so-called academic high 
schools that teach a limited variety of trade and vocational courses. 

5 National Manpower Council, op. cit., p. 159. 
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Actually, the vocational education of these schools is quite deficient. 
As the C.E.D. stated:6 

Total expenditures doubled from 1954-1964, exceeding $325 million in the 

latter year, of which about one-sixth came from the federal government. Never¬ 

theless many of the students were being taught out-dated methods on out¬ 

dated equipment. In 1963-64 the number of students enrolled in agricultural 

courses — 861,000 — was larger than ever before, although agricultural em- 

plovment has been declining for thirty years. 

In 1963, 36 per cent of Alabama students taking vocational 
education courses were enrolled in agriculture. At the same time 
onlv 20.6 per cent of the total were involved in “technical educa¬ 
tion,” or “trades and industry” courses!7 

In 1963, the Pittsburgh Board of Public Education made a 
studv entitled “Vocational Education in Pittsburgh Public Schools.” 
It was a farsighted and realistic study of the need for vocational 
education in that city. But, it possessed relevance for the nation 
as a whole, and the balance of this paper shall be devoted to it. 

The main thesis of the study was that “A good curriculum, 
whether academic or vocational must be based on sound educational 
principles and geared to what the employer, the student and society 
need.” (3). 

The survey would require in addition to an academic core 
curriculum, curricula for business, occupational, vocational, and 
technical training. Science, mathematics and communication 
courses would be common to all curricula. But the survey con- 
tinues: “The same course in mathematics should not be taught in 
every curriculum, nor should the same course in physics, English 
or electronics.” “Every occupational, vocational, technological or 
academic program must provide sufficient training in reading, 
writing, speaking, and in the special forms of communication such 
as report writing and blueprint reading.” (3). 

All high schoolers would begin by attending a comprehensive 
high school, where they would choose the core they wanted to 
take, i.e. business, academic, vocational, or technical. After they 
finished this core they would continue on to a specialized school of 
advanced study. On completion of this, the students would return 
to the comprehensive high school for graduation. The importance 
of having secondary students start and finish at the same high 
school is that this way they are left with their own peer group for 

6 C.E.D., op. cit. pp. 22-23. 

7 U.S., Department of Labor, Manpower Report of the President, 1965 

(Washington, D.C.: U.S. Government Printing Office, March, 1965) Table II 
-2, p. 262. 
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the maximum amount of time. This would remove the stigma that 
many now feel when they have to separate from their mates to 
attend a vocational or technical school. 

Most of the cores are similar during the ninth grades, but there 
is apt to be a considerable difference even here between the aca¬ 
demic and the occupational curricula. Bv the tenth grade the dif¬ 
ferent curricula begin to get a quite distinctive look. The balance 
of this paper will be devoted to the different curricula. 

The academic core would remain pretty much as it was, de¬ 
signed primarily for students who desired to continue their educa¬ 
tion through college. The survey recommended that (3): 

Some of the academic students should have courses from other core cur¬ 

ricula added to their programs. For example, a pre-engineering student should 

take a combined course in blueprint reading, schematics and drafting; a pre¬ 

business administration student should take some core work in business com¬ 

munication and report writing; etc. 

The business core should approximate the academic core through 
elementary school and the ninth grade. The survey states that 
"Special arithmetic and mathematics courses should be offered 
during the 10th, 11th and 12th grades which would concentrate 
on business arithmetic but include enough mathematics to develop 
understanding of general concepts. . . .” The business core might 
have a majority of female students who would ultimately wind up 
as general clerks, or clerk stenos, or duplicator operators, for ex¬ 
ample. Other occupations in the field for men might include sales 
positions or stock clerks. 

The occupational curricula would be for jobs classified as semi¬ 
skilled and service. This core would catch a lot of potential drop¬ 
outs and slow learners. High school graduation should be en¬ 
couraged but not required, according to the survey. It continues: 
“In some of the programs, course structure should lead to certificates 
rather than diplomas." (3). This core would lead to trades for 
tailors, seamstresses, nurse aides, cooks, bakers, assemblers of 
various types, plumbers, and photo developers. This curricula 
would be vital to many low skilled, limited capacity, individuals, 
who might otherwise be unemployed. 

Much the same type of core as we had in the occupational type 
would prevail in the vocational core. This program would include 
apprenticeship training, which is greatly needed today. Occupa¬ 
tions for these graduates would include automotive mechanics, 
bricklayers, carpentry, appliance maintenance and repair, printing, 
shoe repair, refrigeration and air conditioning and so forth. 
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The technical core curriculum includes all these students enter¬ 
ing either technical or semi-professional fields. As stated in the 
survey (3): 

"The basic work through elementary and junior high school 
would parallel the academic core. Exploratory work would include 
all available industrial arts offerings.” 

The occupations for this rather highly skilled area include engi¬ 
neering designers, electronic technicians, technical writers, labora- 
torv technicians and so forth. 

In conclusion, it can be said that people with low education 
suffer more unemployment on the average than people with high 
education. But, it should also be added that the right kind of educa¬ 
tion should be made available in the schools in order to motivate 
students. Finally, we would join with Conant (3) in saying: 
“. . . The tvpe of vocational training programs should be related to 
the emplovment opportunities in the general locality. 
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Estimates Of The Impact Of I lie Poverty Program 

On Demand lor Selected Foods 

B. R. Miller and R. S. Glover 

Department of Agricultural Economics and Rural Sociology 

Auburn University, Auburn, Alabama 

Recent legislation has defined poverty as a family income of less 
than $3,000 per year. The eradication of poverty is a stated goal 
of public policy, thus various programs have been proposed and 
enacted in an effort to increase the income of families believed to be 
in poverty. The primary purpose of this paper is to call attention to 
the economic potential of some of the secondary effects of poverty 
programs. An additional purpose is to point out that these effects 
are actually significant alternatives and perhaps should be consid- I 
ered while policy is in the planning stage rather than as a post¬ 
mortem of policy intentions. 

The demand for food at the retail level would likely increase if 
lower income families received permanent increases in family in¬ 
come. While the magnitude of the increase is unknown, obviously 
such information could be valuable to producers and processors of 
food products, and to policy makers. 

The following pertinent question might be posed: What would 
be the increased demand for particular food items five years hence 
as a result of a program that each year permanently raised by five 
per cent the incomes of families having less than $3,000 income? 
This question can be tentatively answered by obtaining data on per 
capita food consumption, trends in food consumption, and popula¬ 
tion growth. Consideration must also be given to changes in income 
distribution as a result of the program, income elasticity of demand 
for food items, the expected rate of increases in incomes in the ab¬ 
sence of the program, and the effect the program would have on 
the price level. 

A model has been constructed that provides directions for an¬ 
swers to the question mentioned above for four food items: beef, 
pork, chicken, and vegetables. The answers obtained refer to con¬ 
sumption in Alabama only, however, projections could easily be 
made to apply to United States consumption. 

Much of the data and application of the model are presented in 
Tables 1 and 2. The rate of increase in per capita income, 3.6 per¬ 
cent per year, and the rate of increase in population, .75 percent per 
year, are the best estimates that could be obtained in a study of 
recent trends. Population growth in the United States is reportedly 
about 1.7 percent per year and per capita income is increasing about 
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1.8 percent per year. Increases in incomes and population indicate 
that demand for food will increase regardless of a poverty program. 
Percentage increases in population tend to increase demand for 
food by about the same percentage. Percentage increases in dis¬ 
posable income tend to cause less than an equivalent percentage in¬ 
crease in demand for food. The ratio of the percentage increase in 
quantity demanded of an item to a percentage increase in income is 
defined as income elasticity of demand. The elasticity estimates 
(column 2) and estimates of trend (column 4) in Tables 1 and 2 
are the result of a study of national food demand by Brandow (1). 
Column 6 of Table 1 contains the estimates of per capita consump¬ 
tion at the end of a five year time period under the assumption that 
present trends in the determining variables will continue. 

Evaluation of increases in demand as a result of a poverty pro¬ 
gram may be considered to depend mainly on what effect the pro¬ 
gram would have on the rate of increase in per capita disposable in¬ 
come. These estimates are shown in Table 2. Table 2 differs from 
Table 1 only in that the poverty program is estimated to increase 
the growth rate of per capita income to 3.95 percent. This new 
estimate was made after detailed study of the effects of a poverty 
program on the distribution of income and the resulting higher level 

TABLE 1. Estimated Increases in Per Capita Consumption Over a Five Year 
Period Assuming Normal Economic Growth 

Base year 
per capita 
consump¬ 
tion1 (1) 

Income 
elasticity 

(2) 

Effect of 
income 
rising 

3.6% /vr. 

(3) 

Trend 

(4) 

Composite Fifth year 
effect of per capita 

income and consumption 
trend (5) (6) 

Pounds % /yr. % / yr. %/yr. Pounds 

Beef 99.3 .47 1.69 1.18 2.87 114,39 
Pork 60.2 .32 1.15 -1.59 - .44 58.88 

Chicken 33.1 ,37 1.33 - .66 .67 34.22 
Vegetables 154.6 .15 ,54 .20 .74 160.40 

1 Per capita consumption in the United States in 1965 (3). 

TABLE 2. Estimated Increases in Per Capita Consumpt lion Over a Five Year 
Period Assuming that o

 
<

 
1 ' Program Permanent ly Raises Incomes 

Five Per Cent of Families Having Less Than 3,000 Dollars Income 

Base year 
per capita 
consump¬ 
tion1 (1) 

Income 
elasticity 

(2) 

Effect of 
income 
rising 

3.95%/yr. 
(3) 

Trend 

(4) 

Composite 
effect of 

income & 
trend (5) 

Fifth year 
per capita 

consumption 

(6) 

Pounds % / yr. %/yr. %/yr. Pounds 

Beef 99,3 .47 1.86 1.18 3.04 115.34 
Pork 60.2 .32 1.26 -1.59 - .33 59.20 
Chicken 33.1 ,37 1.46 - .66 .80 34.44 
Vegetables 154.6 .15 .59 .20 .79 160.80 

1 Per capita consumption in the United States in 1965 (3). 
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of disposable income. The program-induced growth rate of 3.95 
percent will tend to decline over time in the absence of strong mul¬ 
tiplier effects as fewer families are left in the low income classes. 
Changes in the growth rate, however, were not pronounced in a 
five year period. Consequently, the rate of 3.95 percent was used 
in the model for estimation purposes. 

The total income effect of a permanent five percent annual in¬ 
crease in incomes of families comprising the poverty group at the 
beginning of the program would add about 15.5 million dollars to 
the economy of the State during the first year. This amount would 
decline thereafter by approximately 250 thousand dollars annually 
in each of the next five years as the poverty group became smaller. 
The 1959 census data on population give the following distribution 
of family incomes in Alabama: 100,378 in the 0-$999 group, 109,553 
in the $1,000-1,999 group, 98,940 in the $2,000-$3,000 group and 
481,839 families with incomes about $3,000 (2). The new distribu¬ 
tion five years later of these same families would be 77,670 in the 
0-$999 group, 105,210 in the $1,000-$1,999 group, and 101,017 in 
the $2,000-$2,999 group and 506,812 with incomes over $3,000. The 
new distribution was compiled from considering the effects of a 
program that raises incomes 5 percent. Other policy objectives 
would give different results. 

The arithmetic associated with considering the effect on income 
distribution of a permanent 5 percent change each year for any 
number of years can prove to be formidable, but changes in income 
distribution solely as a result of a given program may be shown to 
conform to the principles of a Markov process. The income distri¬ 
bution in any year is specified by the program model to be related 
to the income distribution of the year before according to the in¬ 
come goals of the program. 

The principles of the Markov process make possible the con¬ 
struction of tables that can be used to estimate the distribution of 
income in any future time period1 The tables apply only to a policy 
objective of five per cent increases in income per year, but tables 
for any policy objective and for any length of time can just as easily 
be compiled. 

Some of the economic effects of the poverty program postulated 
in this paper are shown in Table 3. During the fifth year of opera¬ 
tion of the program increases in beef consumption in Alabama at¬ 
tributable to the program would amount to 3,000,000 pounds. Ala¬ 
bama consumers of beef would require additional production total- 

1 Five tables were constructed for this analysis and are available in the De¬ 

partment of Agricultural Economics and Rural Sociology. 
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TABLE 3. Effects of a Proposed Poverty Program on Consumer Expenditures 
in .Alabama for Selected Foods and Gross Revenue of Producers of These Foods 

Food 
Increase in 

total 
consumption 

Increase in 
retail value1 

Additional live 
animals 

necessary2 

Increase in 
farm value3 

(Pounds) (Dollars) (Number) (Dollars) 

Beef 3,000,000 2,452,000 5,175 1,050,000 
Pork 1.011,000 650,000 6,877 299,000 
Chicken 696,000 264,300 238,235 138,000 
Vegetables 1,264,000 328,500 — 88,500 

1 Assumes the same retail prices as those existing in 1965. 
■ Assumes tire same dressing percentages as those existing in 1965. 
1 Assumes the same farm prices as those existing in 1965. 

ing 5,175 live animals and beef producers would receive an addi¬ 
tional $1,050,000 from the sale of cattle. Tables 1 and 2 imply and 
Table 3 indicates that firms involved in the production of pork, 
chicken, and vegetables would benefit less from the postulated pro¬ 
gram than would firms in the beef industry. Benefits would accrue, 
however, to firms in each of these industries. 

The increased consumer spending at the retail level could be 
expected to have multiplier effects that would increase the demand 
for the output of the firms producing the food items included in the 
model, and the demand for the output of other firms in the economy. 

When considered on a national level, consumer spending in¬ 
duced by a poverty program could give rise to a demand-pull infla¬ 
tion. In an economy operating at full productive capacity this in¬ 
flation may cancel the income effect, thus failing to eliminate pov¬ 
erty and possibly decreasing the real rate of economic growth. Un¬ 
der these conditions, the projections of Table 3 fail to have any 
significance. Table 3 will have significance only if price stability can 
be maintained by appropriate monetary and fiscal policy. Thus, if 
the magnitude of the effects on the national level is predicted, ap¬ 
propriate fiscal and monetary policies may be anticipated. If the 
magnitude of the effects appears to be such that the price stability 
cannot be maintained then the poverty program should be formed to 
provide a smaller annual increase in family incomes. The main¬ 
tenance of price stability necessitates the consideration of several 
alternative policies to increase family incomes. 
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Registration Ol Interstate Commercial Motor 

Vehicles W ithout Undue Restraint Of 

Interstate Commerce 

Thomas D. Moore 

The invention of the internal combustion engine and its applica¬ 
tion to wheeled vehicles in the early years of the Twentieth Cen¬ 
tury marked the beginning of a new era in the transportation of per¬ 
sons and property. During the early period of its development the 
horseless carriage was primarily used as a means of short-distance 
transportation for the family. 

After demonstrating their potential as versatile tools for the 
transportation of persons and property during World War I, the bus 
and truck came into widespread commercial use in the United 
States. Many returning veterans who had seen what the four-wheel 
drive army trucks could do in Flanders, came home imbued with 
the idea that here was a new and responsible transport tool. Thus 
arose a demand for trucks and buses to be used in the rapidly ex¬ 
panding highway motor carrier industry. There was a need, how¬ 
ever, for new and improved roads to accommodate the ensuing de¬ 
luge of vehicles. The provision of these roads increased the rev¬ 
enue needs of each state. Increasing revenue needs gave rise to 
questions of the wisdom of granting reciprocity on the registration 
of motor vehicles engaged in interstate commerce. The result was 
a series of “border tag wars which were characterized by whole¬ 
sale arrests of drivers who crossed into states in which their vehicles 
were not registered. 

Recognizing the need for immediate and constructive action, the 
officials of various states began working out reciprocal agreements. 
Such agreements provided that commercial vehicles registered in 
one state were allowed to travel into and through other states on the 
basis of such registration. All states have enacted laws which pro¬ 
vide authority for granting reciprocity or proration or both. Prora¬ 
tion (proportional registration) is a method of registration under 
which the carrier partially licenses his fleet in each of the states 
through which he operates. 

THE PROBLEM 

Those individuals who are charged with devising and admin¬ 
istering methods of registering interstate commercial vehicles are 
faced with a very complex, and often perplexing, task. The difficulty 
arises from the fact that such methods must satisfy what frequently 
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seems to be two opposing requirements. First, each state must be 
provided with the revenues necessary for constructing and main¬ 
taining its roads. Second, there must not be an undue restraint of 
interstate commerce. Requiring an interstate commercial vehicle 
to pay the full registration fee of every state into or through which 
it travels would be duplicative taxation. Such duplicative taxation 
would place undue restraint on the free flow of commerce between 
the states. Conversely, allowing out-of-state vehicles free access to 
a state’s roads reduces the revenue available to a state for building 
and maintaining its roads. Additionally, such free access would re¬ 
quire domestic vehicles to finance roads used by themselves and out- 
of-state vehicles. 

The problem is to determine a method, or methods, by which a 
fixed registration fee on interstate commercial vehicles can be 
adapted so that each state can derive the revenues which it deems 
should be forthcoming from such a fixed fee, without undue inter¬ 
ference with interstate commerce. The remainder of this paper will 
analyze the degree to which reciprocity and proration can contrib¬ 
ute to the solution of this problem. 

CURRENT STATUS OF RECIPROCITY ON THE 
REGISTRATION OF INTERSTATE COMMERCIAL 

CARRIERS OF PROPERTY 

As was stated earlier, reciprocity provides that vehicles regis¬ 
tered in one state are allowed to travel into and through other states 
on the basis of such registration. On a geographical basis, reciproc¬ 
ity is more prevalent among the states to the east of the Mississippi 
River. A survey of the 48 contiguous states showed that of the 1539 
reciprocity agreements in effect during 1964, the 22 states located 
to the west of the Mississippi claimed 525 agreements while 1014 
agreements were the property of the 26 states situated to the east 
of the river. This averages out to 23.9 agreements per state in the 
West, and 39 agreements per state in the East. 

The most likely explanation of this condition is that the eastern 
and southern states are generally smaller in area and are generally 
larger in population and vehicle registrations than the western states 
— therefore, there is a greater demand for such agreements or ar¬ 
rangements because of more frequent movements across state lines. 
Furthermore, since the more industrialized eastern and southern 
states are probably more dependent on states in all corners of the 
nation as markets for their finished products and as sources of raw 
materials than the less industrialized states of the West, it could be 
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logically argued that they would naturally be more interested in 
implementing agreements or arrangements which would enhance 
the free flow of commerce among the states, and less concerned 
with revenue accruing from vehicle registration than their western 
neighbors. Additionally, the very fact that the eastern and southern 
states have more in-state based vehicles than the western states in¬ 
dicates that they would have available a larger domestic pool of 
revenue with which to satisfy their highway financing requirements. 

CURRENT STATUS OF PRORATION ON THE 
REGISTRATION OF INTERSTATE COMMERCIAL 

CARRIERS OF PROPERTY 

As stated earlier, proration is a method of registration under 
which the carrier partially licenses his fleet in each of the states 
through which he operates. If the licet is composed of fewer than 
three vehicles, the owner is usually granted reciprocity on registra¬ 
tion fees. An oversimplified example of proration would be that of 
a fleet of commercial vehicles operating an equal amount of mileage 
through each of five states. The operator would license his vehicles 
in the five states by paying 20 per cent of the full license fee of 
each state. The mileage distribution would be computed by the 
fleet owner, subject to audit by each of the states in which the ve¬ 
hicles are licensed, and based on the per cent of the total fleet miles 
operated in each state during the previous twelve months. 

As with so many forms of taxation, proration is the child of neces¬ 
sity. Following World War II, all states were faced with the neces¬ 
sity of repairing existing roads, long neglected during the war, and 
with building new roads to accommodate the booming growth of 
highway traffic. To accomplish this task the states took various ap¬ 
proaches, such as increasing registration fees and motor fuel taxes, 
and the enactment of third-structure taxes. 

In the western states, methods of taxation became so varied and 
confused that reciprocity on interstate commercial vehicle registra¬ 
tion between the states began to break down. The reciprocity prob¬ 
lem was most acute when a state of large area and small vehicle 
registration was adjacent to a state of large vehicle registration. To 
obtain the revenues necessary for the maintenance of its highways 
for use by its neighbor, the former state frequently either refused 
reciprocity or enacted a new tax. Either action often resulted in 
either a complete breakdown in reciprocity or the enactment of 
retaliatory taxes by the state of large vehicle registration. 

Such a state of affairs prompted the Western Interstate Commit- 
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tee on Highway Policy Problems, in December of 1954, to adopt 
proration as a means of overcoming problems which had been en¬ 
countered. Legislatures of the states of California, Idaho, Kansas, 
Nevada, New Mexico and Washington passed proration statutes in 
1955. Colorado, Montana and Oregon enacted similar statutes in 
earlier years. On January 1, 1956, the Uniform Vehicle Registration 
Proration Agreement was activated. In addition to the states men¬ 
tioned above, membership now includes Illinois, Iowa, Missouri, 
Nebraska, North Dakota, South Dakota, and the Province of British 
Columbia, Canada. There are 36 proration agreements between 
members of the Uniform Agreement and non-member states. 

ADVANTAGES AND DISADVANTAGES OF RECIPROCITY 

The two basic principles of reciprocity are (1) the freedom of 
interstate vehicles from duplicative taxation, and (2) the freedom 
of interstate traffic movements is of such paramount importance 
that any balance of tax advantage or disadvantge from foreign travel 
should be overlooked as an incidental detail. 

Advantages of Reciprocity to the State 

First, reciprocity may increase the amount of interstate business, 
which in turn may occasion a growth in the state s economy. The 
increase in business activity may sufficiently increase the base 
against which other taxes and fees are applied so that revenue lost 
through reciprocity will be more than offset by revenue from other 
such taxes and fees. 

Second, reciprocity creates less restraint of commerce than any 
other method of treating the registration of interstate commercial 
vehicles. A freer flow of interstate commerce is possible with reci¬ 
procity than with proration because it requires fewer records than 
does proration. 

Third, variations in registration fees, mileage traveled per ve¬ 
hicle, total mileage traveled, and total number of vehicles could 
work to the advantage of a particular state. Time does not permit 
analysis of such variations. 

Disadvantages of Reciprocity to the State 

kirst, before interstate traffic reached its present proportions, 
there was considerable logic in a state policy of granting reciproc¬ 
ity. In essence, vehicle operators of one state were “picking up the 
check for out-of-state operators in return for similar treatment 
when traveling in other states. The two were expected approxi- 
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mately to balance out. Today, there is little assurance that one 
state’s vehicle mileage in other states will match the total mileage 
of out-of-state vehicles traveling in that state. This is especially true 
of certain bridge states. Technically, then, the assumption of “bal¬ 
ancing out” is no longer tenable. 

Second, reciprocity has been questioned on the grounds that, 
in view of the autonomous nature of state tax procedures, it has be¬ 
come virtually impossible to find two states with tax systems which 
are actually reciprocals of each other. Some states reciprocate on 
registration fees, yet charge a mileage tax to vehicles from states 
which have no mileage tax. Other states which have a low registra¬ 
tion fee and high fuel taxes will reciprocate on the registration fee 
and continue to charge the fuel tax to vehicles which have a higher 
registration fee and a lower fuel tax. 

Third, the determination of the appropriate state of registration 
for certain vehicles has grown to be a substantial problem. For ex¬ 
ample, some commercial vehicles have no home state. They travel 
all over the nation with no regular base of operations. Neither are 
such vehicles garaged at any one place, nor are they repaired at a 
particular place. Since reciprocity is based on agreements between 
two states, relative to vehicles based in those states, the transient 
vehicle can not be covered by reciprocity. 

Advantages of Proration to the State 

First, proration requires non-resident commercial carriers to 
honor their tax responsibility in all states because non-resident ve¬ 
hicle owners who use a state’s highways must make a tax contribu¬ 
tion regardless of their base state. Reciprocity can not make this 
claim. 

Second, proration frees the state from entanglement in questions 
regarding the determination of the proper state of registration. Pro¬ 
ration eliminates such “base” determination problems because it 
provides that a vehicle is based and licensed (through proration) in 
every state through or into which it travels. 

Third, proration distributes registration fees among the states 
on the basis of the use of a state’s highways by commercial vehicles. 
While this results in only a crude approximation of the cost respon¬ 
sibility of an individual vehicle, its reliability is increased as the 
number of vehicles is expanded. 

Disadvantages of Proration to the State 

First, when compared with reciprocity, proration is more costly 
to enforce and administer. Among the new functions assumed by a 
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state when proration is adopted in lieu of reciprocity are (1) audit¬ 
ing the records of the carriers to assure the accuracy of proration 
application forms; (2) processing proration application forms; and 

(3) mailing prorate plates and prorate decals. 
Second, it is possible that a state will lose revenue when it 

adopts proration in lieu of a reciprocating position. A loss in rev¬ 
enue might result if a reciprocating state which has a relatively high 
registration fee and a relatively large number of vehicles based in 
its borders enters into prorate agreements with states having less 
than proportionate characteristics. 

CONCLUSIONS 

Nationwide Reciprocity 

It is theoretically possible that nationwide reciprocity on the 
registration of interstate commercial vehicles could distribute to 
each state the revenues it deems should be forthcoming, without 
undue interference with interstate commerce. No method of treat¬ 
ing the registration of interstate commercial vehicles interferes less 
with interstate commerce than does reciprocity. It would be un¬ 
wise, however, to recommend its adoption on a nationwide basis. 
The theoretical possibility that nationwide reciprocity would dis¬ 
tribute to each state the revenues it deems should be forthcoming 
is severely limited by several practical considerations. Examples 
of such limitations are (1) the concept that one state’s vehicle mile¬ 
age in other states will “balance out with the total mileage of out- 
of-state vehicles traveling in that state is no longer tenable; (2) the 
autonomous nature of state tax procedures makes it virtually impos¬ 
sible to find two states with tax systems which are actually the re¬ 
ciprocals of each other; and (3) problems associated with determin¬ 
ing the appropriate base (state of registration) of vehicles which 
are not operated from a regular base. Thus, while it would be the¬ 
oretically possible for nationwide reciprocity to accomplish the in¬ 
tention of this paper, its practical limitations would militate against 
its success. 

Nationwide Proration 

Nationwide proration of the registration of interstate commer¬ 
cial vehicles would also satisfy the purpose of this paper. It is not 
subject to the limitations of nationwide reciprocity. First, the "bal¬ 
ancing out problem is overcome because a carrier registers his fleet 
according to the proportion of miles traveled in each state to the 
miles traveled in all states. Second, the success or failure of prora- 
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tion does not depend on the reciprocability of the tax system of the 
various states. Third, “base" determination (state of registration) 
problems are neutralized by proration. 

Other characteristics which enable nationwide proration to qual¬ 
ify as a method of adapting a fixed registration fee so that each 
state can derive the revenues it deems should be forthcoming are: 
(1) non-resident commercial carriers are required to honor their tax 
responsibility in all states because they must make a tax contribu¬ 
tion regardless of their base state; (2) registration fees are distrib¬ 
uted among the states on the basis of the use of a state’s highways 
by commercial vehicles; (3) the tax burden is distributed over ve¬ 
hicles which engage in interstate commerce, as well as over vehicles 
which engage exclusively in intrastate commerce; and (4) revenues 
accruing to a state from commercial vehicle registration fees would 
probably increase in most states. 

The characteristic of nationwide proration which would exempt 
it from charges of undue interference with interstate commerce is 
that it precludes the payment of duplicative registration fees by 
interstate carriers. 

From the preceding discussion, it is clear that a fixed registra¬ 
tion fee on interstate commercial vehicles can be adapted so that 
each state can derive the revenues it deems should be forthcoming, 
without undue interference with interstate commerce. It is recog¬ 
nized that nationwide proration administered by the individual 
states may not perfectly satisfy the purpose of this paper. It is, how¬ 
ever, the most nearly perfect method available at this time. 
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Binary Excess Thermodynamics Versus Fugacitv 

Hayes Slaughter and Carol Slaughter 

SERCO, Inc., Cranbury, New jersey 

There are two popular methods for describing mathematically 
the behavior of a binary vapor-liquid system. The older is the use 
of fugacities or activities as corrections to the ideal behavior, a 
notion derived from the ideal gas law and the Raoult liquid theory 
(Raoult, 1886). The fugacitv concept is attributed to Lewis (Lewis, 
1901), although others preceeded him but did not cover the whole 
field at that time. The second method is that of Seatchard (Scatch- 
ard, 1937), who used an excess thermodynamic function to describe 
the difference between real and ideal behavior. The basic argument 
is whether the correction should be made by a multiplication op¬ 
eration (fugacitv) or by an additive operation (excess property). 
Of course, it is always possible that both methods are invalid, but 
this will not be considered at this time. 

DEVELOPMENT OF ANALYSIS 

A valid approach to this problem appears to be the work of Yu 
and Coull (Yu and Coull, 1952). Yu was never satisfied with the 
fugacitv methods of Herington (Herington, 1947) and Redlich 
and Kister (Redlich and Kister, 1948). The reason for this will 
be apparent later. The method of Yu and Coull involves the svn- 
thesis of a binary solution under isothermal conditions (at some 
temperature, Ti), which will simply be called T. 

First it is necessary to consider the case of ideal mixing. Such 
a case occurs for the mixing of two kinds of molecules that are 
identical except for one atom that are isotopes of each other. That 
is, the molecules are enough alike that their vapor pressures are 
the same, no pressure changes occur in mixing, and no heat of 
solution occurs. It is supposed that the only effect is the entropy 
of mixing. This problem is treated in standard books on statistical 
mechanics (Rutgers, 1954), in which the relationship with the 
Boltzmann probability (that follows from the use of the Sterling 
approximation) and entropy is derived, assuming that there are a 
sufficient number of molecules in the system. This is the case for 
ordinary vapor-liquid systems. For a binary solution the entropy of 
mixing is as shown in equation [1], 

ni n-j 
= — k ni In (-) — k iij In (-) 

m -j- na ni + 112 

[1] (ni + m) As 
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In this case the entropy of the system, if the molecules were exactly 
alike, would be zero. Therefore, equation [1] expresses the entropy 
of mixing in terms of the number of molecules in the mixing opera¬ 
tion. This entropy of mixing also may be expressed in terms of the 
total entropy of the solution and the entropy of the pure com¬ 
ponents, 

[2] (m + 112) As = (m + 112) s — msi — 112S2 

In the classical system of thermodynamics equation [3] is true 
at a constant temperature, 

[3] AG = All - T As 

For the ideal solution described above this equation may be writ¬ 
ten as, 

[4] AGi = Alp - T ASi 

where the subscript, i, designates the ideal condition. That is, Asi 
is the ideal entropy term in equations [1] and [2], and AHi is the 
ideal heat of solution, which is equal to zero, 

[5] Abb = 0 

For non-ideal mixing it is convenient to use the excess method 
of Scatchard (1937), so that the excess functions are related as 
shown in the following equations, 

[6] AGj = Alb - T ASj 
[7] AG — AGi + AGj 
[8] AH = AHi + AH, 
[9] As = Asi -\- Asj 

where the subscript, j, refers to the excess functions. Therefore, 
for a non-ideal solution using equation [3] through [7], the classi¬ 
cal free energy of mixing is, 

[10] AG = AIIj - T ASj - T ASi 

The classical expression for enthalpy is as follows for a differential 
change, 

[11] dll = T ds + V dp 

and for a finite change, 

[12] AH = T As + V Ap 

Then the excess enthalpy will be, 

[ 13] AHj = T ASj + V Apj 

However, in the mixing operation the volume, V, cannot be 
constant, and the synthesis of a binary system must be represented 
by an integration operation. Consider that m molecules of pure 
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component 1 at pi and T are mixed with 112 molecules of pure com¬ 
ponent 2 at p^ and T, where pi and p? are the pure component vapor 
pressures and the final solution pressure, p, is different. The mixing 
operation is considered to take place in three steps. First, the 112 

molecules are changed from pi to pi pressure and the excess pres¬ 
sure-volume energy change is, 

P1 
[14] V Apj.i = n2 ^ Vj,2 dp 

P2 

The second step is the mixing of the two components at constant 
pressure, in which case the Apj term in equation [13] is zero, and 
the free energy change after substituting equation [13] into equa¬ 
tion [10] will be, 

[15] AG = - T ASi 

The third step is the change of the solution pressure from pi to the 
final pressure, p. The excess pressure-volume energy change is, 

P 

[16] VApj 3 = (m + 112) f Vj dp 

Pi 

Substituting equation [1] for a binary solution into equation [15] 
and adding equations [14], [15], and [16] gives, 

[17] (ni + ni>) G = mGi fi- 112G2 fi- kT m In (-— ) 
111 fi- n2 

pi 

fi- kT 112 In (-) + 112 ( Vj.2 dp fi¬ 
ll 1 fi- n> J 

p- 
P 

(nifi-n2) | Vj dp fi- (m fi- 112) Gk 

Pl 
It may be noted that there is an additional term, Gk, which is con¬ 
sidered to be a factor of ignorance, and it is supposed to take care 
of anything that is omitted from this analysis. A method is de¬ 
scribed below for its elimination. 

CHEMICAL POTENTIALS 

The total free energy is related to the chemical potential, /u, for 
each component, which may be called the partial free energy In 
comparison with the general equation for partial derivatives. For 
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a certain mixture of m molecules of pure component 1 and 112 mole¬ 
cules of pure component 2 at a certain temperature and solution 

pressure, the following is an identity, since Gi and G2 are the 
chemical potentials (/x, and 1^2), 

[18] d[(m + 112)G] = Gi dm + G2 dn2 

The vapor concentration, y, may be represented by, 

[19] vi =-— 

[20] 

m -f- 112 

One partial derivative of equation [19] is, 

9yi x =_ 

3m 112 (111 + 112)2 

It is more convenient to transform the number of molecules into 
concentrations, since (3G 9y,)n2 the same as (9G/3yi), 

^— [(ni + n2)G] „2 

[21] Gi = --- 3G y2 G 

Ai 

In a similar way, 

[22] G2 = vi 

[23] Gi 

9G 

dy2 

Gj = y2 

[m]„2 

G 

3G 

ayi 

Wi 

G 
3G dG 

yi --G = — 
oy2 dyi 

A similar treatment may be made for the liquid phase, 

r — dG' n'i 
[24] G'i — G'2 =—— where x =-— 

dxi nT + n'2 

It is generally believed that Gibbs (Gibbs, 1878) proved that the 
chemical potentials in phases at equilibrium are equal, which for 
this case will produce, 

[25] Gi - Go = GT - G'2 

In order to make use of equation [25] the values of the vapor phase 
chemical potentials are obtained from equation [17]. The pro¬ 
cedure is similar for the liquid phase chemical potentials. The 
equations for the vapor phase chemical potentials are, 

P. 

[26] Gi = Gi -p kT In yi T- ^ Vj,i dp 4- Gk-,i 

Pi 
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where, 

[2/ ] Gk.i 

and. 

9(ni + n2)Gk 
L-1-J ii2 = Gk + (ni + n2) (— ) n„ 

mi nii 

Pi P 
[28] Go = G2 + kT In y3 + j Vj.2 dp + j Vj.2 dp + Gk2 

P- P1 

where Gk.o is similar to equation [27]. Vi is the partial volume for 
component 1 in the vapor phase. The liquid chemical potential 
terms are similar to equations [26] and [28]. If all four chemical 
potentials are substituted into equation [25], the result is, 

[29] 
dGT dGk , , yi(l — xi) 
—-= kT In — — 
dxi dvi xi (1 — yi) 

p_. 

+ / (Vj,2 - V',.2) dp 

P1 

Pi 

dV'j 

dxi 

The unknown left side of equation [29] may be eliminated. This 
is accomplished by the method of Herington (1946), which was 
found independently by Redlieli and Kister (1948). Since GT(O) 
and G'k(l) are both zero, when the concentration is either zero or 
one, multiplying (dG'k/dxi) by dxi and integrating between the 
limits for dxi of 0 and 1 produces, 

1 

[30] f(~)dxi = 0 
* ClXi 

o 

The (dGk/dyi) term in equation [29] is also equal to zero by this 
technique for the following reason. The vapor concentration max 
be expressed as a power series in x (the liquid concentration), 
v = mx + nx2 + qx3. Then, dv/dx = m + 2nx -T 3qx2. Dividing 
by dy/dx will still give an expression that is equal to zero at 
the end values when x is equal to 0 or 1. That is, if the integra¬ 
tion is performed, the result will be similar to equation [30]. The 
final result below is the general relationship for a binary vapor-liquid 
system in equilibrium, 
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[31] 0= 

1 

kT j* In 

0 

yi(l 

Ml 

Xi 

Vi 

1 p 

+ ff ( 
0 pi 

dVj 

dyi 

P- 

+ f (Vj.2 - V'j.2) dp 

dV'j 

dxi 
dp dxi 

Pi 

In equation [31] the excess volumetric terms represent the dif¬ 
ference between the actual volume and the ideal volume. But the 
ideal volume in mixing is zero. This corresponds to the case where 
the initial pressures, pi and p-, are practically equal, so that Vi and 
Vl> are also the same. Therefore, the Vj terms in equation [31] are 
identical with the observed volumetric terms, and the j subscripts 
may be dropped. 

COMPARISON WITH LITERATURE 

In order to make a comparison with the literature two approxi¬ 
mations must be made: (1) the liquid volume terms are insignificant 
compared to the vapor volume terms, and (2) the vapor solution 
obeys the ideal gas law, pV = kT. With these two approximations 
the second term in equation [31] on the right side is zero and the 
last term reduces to the right side of the following equation, which 
is the result found by Herington (1946) and Redlich and Kister 
(1948) using the fugaeity concept, 

[32] kT f In — — dxi = kT In ^ 
JQ x, (1 - yi) p-2 

Guggenheim (Guggenheim, 1957) noticed that equation [32] is 
strange because it did not contain the solution pressure but only 
the pure component vapor pressure. However, he did not offer an 
explanation. 

Equation [32] has been applied to a number of systems where 
the approximations introduced are as valid as the precision of the 
data. A comparison was made (Hala, Pick, Fried, and Vilim, 1958), 
and it was found that for similar compounds equation [32] is valid. 
However, when vapor pressure, surface tension, and other proper¬ 
ties differ, the check is not as good. It is quite evident that the use 
of pressure-volume corrections is not the final answer in this field. 

Another comparison with the literature is possible by consider¬ 
ing the dilute region of either component. Equation [32] has been 
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difficult to test because of the inherent inaccuracies of collecting 
data in the dilute regions, because of the precision of the concentra¬ 
tion analyses involved. Therefore, a more useful equation is needed. 
In the dilute region limit the change of the vapor concentration with 
respect to the liquid concentration reaches a limiting value, m, 

limit dy 

[a3] x .0,', " 

Since dy/dx appears to be the same as y/x in the limit, it is of in¬ 
terest to derive an expression for m in terms of (1 — y) and (1 — x), 
since these values are more precise than y and x. In equation [28] 
the chemical potential of component 2 in the vapor is equal to the 
chemical potential of component 2 in the liquid that would be an 
equation similar to equation [28]. In the limit as X2 approaches 1, 
while xi approaches 0, the Gu terms for both the vapor and the 
liquid phase will also approach zero, and the partial volume terms 
will approach the pure component values, 

1 , 1 P 
[34] kT | In — dxo = j (V2 — V'2) dp dxi- 

X2 £2 pi 

1 pi 

+ f (V2 - V'2) dp dxa 

X- P* 

It mav be noted that the j subscripts have been dropped since this is 
alright. Also, since p approaches p2, the volumes of the solution will 
not vary significantly with concentration, and the change of solution 
pressure with respect to concentration also will approach a constant 
value. If this equation is differentiated twice with respect to x2 
using the rules for differentiating under the integral sign, the result 
is. 

[35] 
Vi 

m 
I y* 

)+ (l-yi) 
(V2 - VV)_ dp 

kT ( dxi 1 

Equation [35] is a general relationship for vapor-liquid behavior 
when pressure-volume energy is considered to be the only important 
intramolecular energy in distillation. Under the conditions where 
the two approximations suggested above apply, equation [35] re¬ 
duces to the following, which was discovered manv years at 
(Zawidski, 1900), 

lo 

[36] m = yi 
Xi 

d In p 

d In xi 
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It may now be seen that as long as the two approximations are 
used, the classical equations are found. As pointed out by Yu and 
Coull (1952) the present use of the excess free energy factors, Gk 
and GY, which are usually designated by GE in the current litera¬ 
ture, puts all the non-ideality in the liquid phase with none in the 
vapor phase. This is invalid at high pressures, especially in the 
critical region. O 

FUGACITY DISPROOF 

It is now possible to show why the fugacity concept is inade¬ 
quate. The degree symbol ( ) will be used to designate a pure 
component, while the subscripts are reserved for component desig¬ 
nation either in the pure state or in solution. This applies only to 
the following work in order to conform to the symbolism that is 
usually used for fugacity work. That is, the Lewis and Randall 
(Lewis and Randall, 1923) concept of fugacity, fT, of pure compon¬ 
ent 1 may be expressed in terms of the residual volume of the vapor, 
b = (kT p) — V, and the pure vapor pressure, pT, 

[37] In 
P 1 

Then the fugacity of the vapor solution will be, 

[38] In 
fi 

P' 

1 

kT 

P 

| bi dp 

0 

where hi is the partial residual volume. Lewis and Randall sug¬ 
gested that the fugacity of a component in each phase was equal, 
which was supposed to follow from the equality of chemical po¬ 
tentials. In order to see why this is not true, equation [32] may 
be expanded, but the pressures are replaced by fugaeities, which 
substitution is supposed to make equation [32] generally ap¬ 
plicable, 

[39] kT fin Vl(1 dxi 
Xi ( 1 — yi ) 

0 v 7 ' 
1 d 

— I f (bi — bi>) dp dxi 

o b 

kT In Pj 

P°- 

[) 2 

f bXdp 
0 

P°1 

f b°i dp 

0 
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Equation [39] may be transformed into equation [31] except that 
the liquid volume terms would be missing. Thus the fugacity con¬ 
cept neglects this fact, and its application to the high pressure 
region of a binary system is invalid. 

As a final illustration of the inadequacy of the fugacity concept, 
consider the two wavs to write the free energy function for a mole 
of solution, which will define G„i, which means non-ideal, 

[40] G = G i xi + G : X2 + Gni = Gi xi 4- G2 X2 

From the original definition of fugacity (e.g. dG = RT d In f), an 

equation defining fi, which is the same as fi, will be, 

[41] Gi — Gi = RT In 

Again using the Lewis and Randall method a partial activity co¬ 
efficient, a, mav be defined. 

[42] fi = ai.f f i xi 

A similar equation may be written for component 2 and both of 
these may be substituted into equation [40], 

[43] G„i =RT xi In (ai.f xi) + RT X2 In (a2.f X2) 

However, the Lewis and Randall concept of their perfect solution 
is, 

[44] fi = ai.f f 1 xi 

That is, fi has to be considered equal to L for this comparison. To 
obtain the equation for ideal behavior, pressure may be substituted 
for fugacity to give activity coefficients like ai. When each of these 
are equal to unity, ideal behavior obeying Raoult’s law results, 

[45] Gi = RT xi In xi + RT x2 In x2 

Therefore, when fugaeities are not replaceable by pressures, the 
necessity of including the vapor volume terms is apparent. If equa¬ 
tion [45] is differentiated twice with respect to xi, the Gibbs- 
Duhem equation (Rutgers, 1954) subtracted from it, and the 0 to 1 
integration performed, equation [32] is the result. This is similar 
to the way Herington (1946) derived it. What is now apparent 
iu regard to the fugacity concept is that if the fugacity of the 
liquid is regarded to be equal to the fugacity of the vapor, the 
liquid volume terms are neglected. 

The fugacity concept has been shown to be invalid b\ two 
independent methods. Its continued use is not recommended. If 
isothermal solution pressures as well as vapor-liquid concentrations 
are known for a binary system, the use of equation [31] is recoin- 
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mended. When only the concentration data are known, equation 
[32] should be used. When the dilute region of either component 
is considered, equation [35] ) should be used. Equations [31] and 
[35] are new, while equation [32] is standard practice. All of 
these equations assumes that pressure-volume energy is the only 
important intramolecular energy in distillation. Since this is prob¬ 
ably not true, the equations derived herein should be used as 
parameters to study other factors, such as surface and orientation 
(charge) phenomena. 
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INTRODUCTION 

In 1958, Schawlow and Townes (4) showed the feasibility of 
maser action at or near optical frequencies, and in 1960, Maim an 
(3) operated the pulsed ruby laser. Javan’s (1) He-Ne gas laser 
in 1961 was the first continuous wave (CW) laser. Since 1961 CW 
laser action has been obtained in several solid and gas systems. In 
1964, Patel (2) announced the attainment of optical maser action 
on a number of rotational transitions of the 2V — 2+g vibrational 
band of CO2. It was soon found that the output power of the CO2 

laser could be increased to hundreds of watts by mixing other gases 
with the CO2 and using a glow discharge for excitation. 

At the present time several laboratories are studying the proper¬ 
ties of this laser, and it is the purpose of this paper to describe the 
N2-CO2 laser work which is being performed in the Physical Sci¬ 
ences Laboratory at Redstone Arsenal. The ease of construction and 
operation of these lasers and their low initial investment will be 
emphasized. Problems which are suitable for graduate thesis work 
at the Masters level will be indicated. 

The usual explanation of the mechanism for obtaining the re¬ 
quired conditions for maser action in this laser is illustrated in Fig¬ 
ure 1. Figure 1 shows a partial energy-level diagram for N2 and 
CO2. Energy is measured from the ground state of N2 (v = 0) and 
CO2 (00°0) and only the pertinent vibrational levels have been 
shown. The close coincidence (AE = 18 cm-1) of the first vibrational 
level of No with the asymetric (GOT) level of CO2 is indicated. 
When this is compared with the average thermal energy at room 
temperature, 210 cm \ it is seen that there can be a large cross sec¬ 
tion for the transfer of energy between these states in collisions of 
the second kind. The nitrogen has a zero permanent dipole moment 
and the molecules which are in the first vibrational level of the 
ground electronic state cannot decay to the v = 0 level through 
electric-dipole radiation. Thus, under ordinary conditions the effec¬ 
tive life time of this state is governed by deactivation through col¬ 
lisions with other molecules and walls. Also, the life time of the 

1 Present address, Sperry Rand Corporation, Space Support Division, Hunts 
ville, Alabama. 
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ENERGY LEVEL DIAGRAM, N2 - C02 LASER 

NOTE : FOR PROPER SCALE THE 10* Z g LEVEL IS 1368 2 cm 

ABOVE THE GROUND STATE,THE 02*0 Z g LEVEL IS 1283 4 cm ABOVE THE GROUND 

STATE 

FIGURE 1. Partial energy-level diagram for N- and CCE. 

asymetrie (00°1) level of CO_> is longer than that of the symetrie 
(10°0) level. Therefore, when N-j* (v = 1) molecules are allowed 
to mix with CCU all the conditions for maser action are obtained. 

If a glow discharge in the optical cavity is used for excitation 
then the above explanation is over simplified since maser action 
can be obtained with CCb, CCb-He, COa-FL*, COi-CO, and other 
mixtures. It seems that many of the higher energy states of CO2 

are strongly coupled to the 00 1 level of the ground electronic state, 
and that this might account for the high power and high efficiency 
of these lasers. Most of the work reported here has been of a survey 
nature. Thus, statements concerning the mechanisms which pro¬ 
duce the conditions required for obtaining maser action or concern¬ 
ing the effects of the discharge on these conditions are somewhat 
speculative. 

Nj - COj LASER 

FIGURE 2. Diagram of N-CCF CW laser. 
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FIGURE 3. Photograph of lasers. 

CONSTRUCTION 

The parts required to construct a N2-CO2 laser are generally 
available in a laboratory or can be readily obtained. The laser is 
constructed from a forepump, a glass pipe, a gas supply, a power 
supply, pressure gauge, two flat mirrors, and two mirror mounts 
which serve as electrodes. These mirror mounts can be made in any 
machine shop. Figure 2 is a drawing of one of these lasers, and 
Figure 3 is a photograph of three lasers where the glass pipe di¬ 
ameters are 1, 2, and 3 inches. Each of these lasers is approximately 
eleven feet long. Any convenient pipe diameter may be used, but 
it is recommended that the length be approximately ten feet so that 
alignment problems will be minimized. 

FIGURE 4. Electrical circuit for laser. 
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FIGURE 5. Photograph of mirror mounts. 

The electrical circuit is shown in Figure 4. The power supply 
should be capable of delivering 300 milliamps at 30,000 volts, but 
the laser will work fairly well with a neon sign transformer for a 
power supply. The pressure gauge should be capable of measuring 
pressures in the range from 0.1 to 30 torr, and the gas supply must 
be equipped with valves to regulate the flow of each gas used. 

Photographs of the mirror mounts which serve as electrodes are 
shown in Figure 5. It may be seen that much better mounts may be 

FIGURE 6. Photograph of mirrors. 
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FIGURE 7. Unfocused laser beam for first operation. 

made, but these are adequate. The mirrors, which are flat to one 
quarter wave in the visible and are covered with a totally reflecting 
gold coating, are shown in Figure 6. It may be seen in this photo¬ 
graph that the energy is coupled out through a hole in one of the 
mirrors. This hole is covered with an IR transmitting window, NaCl, 
which also serves as a vacuum seal. The most effective diameter of 
this aperture has been found to be about six tenths of the inner di¬ 
ameter of the glass pipe. Even though the laser works best with 
these mirrors, it will still operate when the mirrors are replaced 
with polished brass plates. The mirrors may be aligned with only 
the use of an autocollimator. Figure 7 shows the effect which was 
produced by the unfocused laser beam the first time the discharge 
was turned on. 

FIGURE 8. Discharge in N^-CCU. 
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DISCHARGE CURRENT IN MILUAMPS 

FIGURE 9. Voltage-current characteristic. 

OPERATING CHARACTERISTICS 

The data presented in this section were taken using a cavity 
of 333 cm length and 5.1 cm diameter. But the output power 
of the laser and the operating characteristics of the discharge seem 
to be independent of the diameter if the diameter is greater than 
about 1.8 cm. 

A photograph of the discharge in Ni-CO_> is shown in Figure 8 
where it may be noted that the visible part of the discharge does 

!'0Y/!;il lil WATTS ICIi'i'ICY % 

FIGURE 10. Output power versus input power and output power versus efficiency 
for A.G. operation. 
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FIGURE 11. Efficiency versus E/I for A.C. operation. 

not fill the glass pipe. The ratio of N- to CO- is 2 to f with the total 
pressure being about 1.2 torr. The gas mixture is flowed continu¬ 
ously, with the forepump holding the pressure constant. 

The voltage-current characteristic of the discharge is shown in 
Figure 9. It should be noted that the discharge is in the transition 
region between the Townsend type discharge and the normal glow. 
The power in the laser beam as a function of the input power and 
the efficiency is shown in Figure 10. This figure emphasizes the fact 
that the energy must be put into the gas mixture in a manner which 
does not dissociate or over excite the molecules. The efficiency of 
the laser as a function of E/I of the discharge is shown in Figure 11. 

FIGURE 12. Spectral energy distribution of the laser beam. 
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ti:l effects or- additives to co2-n2 

FIGURE 13. The effects of additives to CO--N2. 

This indicates that the efficiency of the laser may be optimized by 
increasing the impedance of the discharge. These curves were ob¬ 
tained while the discharge was being driven by a 60 cycle A.C. 
transformer. The curves obtained when the discharge is run D.C. 
are qualitatively the same but quanitatively they are better. Also 
when a D.C. power supply is used the input power is less and the 
laser may be operated for several minutes at a time without water 
cooling the glass pipe. The work so far indicates that powers of the 
order of a kilowatt may be obtained in the laser beam, and at much 
lower powers the laser can be made to operate at 15% efficiency. 

The spectral energy distribution in the laser beam is shown in 
Figure 12 for several different optical path lengths between the mir¬ 
rors. To obtain these spectra the cavity was longitudinally tuned by 
changing the pressure in the cavity rather than by moving the mir¬ 
rors. When the output power is optimized there are usually five to 
seven lines of considerable intensity, but the cavity can be tuned so 
that most of the power is radiated in the line at 10.6 /jl. 

After many hours of operation the gold surfaces of the mirrors 
may become damaged and the spatial energy distribution in the un¬ 
focused beam will have hot spots instead of the usual mode patterns. 
The mirrors may be cleaned, gold plated and used again. 
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OTHER OBSERVATIONS 

(a) The effects of additives. 
Many substances have been added to the N2-CO2 mixture in the 

hope of finding mechanisms to increase the population inversion in 
CO2 either by additional pumping or by aiding in emptying the 
lower laser level. The effects of the additives have been spectacular. 
For example, a little nitrous oxide can stop the laser action, but the 
addition of helium can increase the output power by a factor of five 
or more. The mechanisms through which these additives work are 
still to be determined. But, it appears that some of the additives 
may contribute through some physical mechanisms such as chang¬ 
ing the mobility of the particles in the discharge or changing the 
thermal conductivity of the plasma. 

The effects produced by various additives to the N2-CO2 mix¬ 
ture are illustrated in Figure 13. It may be noted that He, Da, Ne, 
and air increase the output power at first but then decrease it when 
additional amounts are added, fust a little argon causes a large de¬ 
crease in the output power. It is not shown in Figure 13 but CL, 
NO, and other gases have an effect similar to that of argon. The 
effects illustrated here are similar for all diameter tubes except that 
air increases the output power more in the smaller diameter tubes. 

The output power versus pressure for the addition of N2 and He 
to CO2 is shown in Figure 14. Also shown is the output power versus 

TUI EFFECT O; ADDITIVES TO C02 

PRESSURE (MM. Hg) 

FIGURE 14. The effects of additives to CO*. 
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FIGURE 15. Output power versus input power for He-CO-. 

pressure for the addition of He to a constant N2-CO2 mixture, ft 
should be noted that the CO2 + Ni> + He curve is not the sum of 
the CO2 + Ni« curve and the CO2 -j- He curve. The output power 
versus input power for a He-CCb mixture is shown in Figure 15. 
This differs from the same curve for the N2-CO2 mixture only in that 
the output power continuously increases with input power within 
the limits of the power supply. However, it is to be expected that 
with increasing input power the output power will also optimize for 
the He-CCh mixture. 

The variations of the output power with pressure for the addi¬ 
tion of He to different initial amounts of CO2 are shown in Figure 16. 
This data shows that there is an optimum ratio of He to CO2 and 
an optimum total pressure. This optimization is more clearly shown 
in Figure 17 where the output power has been plotted as a function 
of total pressure for the addition of CO2 to a constant amount of He. 

(b) Spectra of discharge. 

Of course the spectrum of the light which emerges from the sides 
of the discharge tube is different for different gas mixtures, but the 
spectrum of this light is different for the same gas mixture when the 
discharge is lasing and not lasing. For example there are certain 
lines in the visible region of the spectrum which vary in intensity 
with the intensity of the photon flux at 10.6 /r in the cavity. These 
lines are now being identified and this work will be reported else¬ 
where. 
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ADDING H0 TO CONSTANT AMOUNTS OF CO 2 
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FIGURE 16. Output power versus pressure, COo constant. 

(c) Other survey work. 
The radial distribution of photon flux in the cavity at 10.6 /x is 

being measured. The absorption coefficient for various substances 
at 10.6 n is being measured. Attempts to Q switch the laser with 
various gas mixtures are being made. None of this work has pro¬ 
ceeded to the point where even preliminary results are ready for 
reporting. 

OPTIMIZATION OP lle-C02 MIXTURE 

AOOING C02 TO Hc 
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FIGURE 17. Optimization of Fle-CO; mixture. 
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CONCLUSION 

High power N2-CO2 CW gas lasers are easy to construct and op¬ 
erate. The initial investment is low. There are many as yet unan¬ 
swered questions concerning the mechanisms which produce the 
conditions for maser action. The discharge itself and the plasma 
which it produces are excellent subjects for investigation. In addi¬ 
tion to the uses of the laser beam as a research tool, the energy in 
the laser beam may be used as a pump for producing maser action 
in polyatomic molecules at longer wavelengths. 
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SYMPOSIUM 

Resources And I heir Development In 1 he 

Birmingham Area Of Alabama 

The Birmingham Area Ot Alabama: Its Geographical Setting 

Jesse M. Richardson 

Auburn University, Auburn, Alabama 

Physical aspects: Physically, the Birmingham Area cannot be 
defined with a high degree of exactness. Roughly it may be charac¬ 
terized as a portion of the Ridge and Valley Province of Alabama, a 
part of the Appalachians (Fig. 1). It is included in the frequently 
used term the “Mineral Belt of the state and is the central part of 
the southern Appalachian system. The dependence of the ridget 
and valleys upon the geological structure is clearly seen, for they 
all have a northeast-southwest trend, which is the trend of the out¬ 
cropping edges of the inclined or sloping strata, the valley being cut 
into the limestone and other more easily eroded rock, while the 
harder rocks stand out in the ridges. These rocks range in age from 
Precambrian to Pennsylvanian. To the east and southeast of the 
Ridge and Valley Province is found the Piedmont Province; to the 
south and southwest, the Coastal Plains; and to the north and west, 
the Plateau and Large Valley Province. 

The geographical location of Birmingham, which is the focal 
point within the region, is 33 degrees and 31 minutes north latitude 
and 86 degrees and 49 minutes west longitude. Birmingham is ap¬ 
proximately 2300 miles north of the equator and has almost the same 
latitudal position as that of Atlanta, Georgia; Dallas, Texas; and 
Phoenix, Arizona. Birmingham is the mid-point of an axis drawn 
through the Southern states from Houston to Richmond. Louisville 
lies approximately 300 miles to the north and the Gulf Coast 300 
miles to the south. 

Transportation: The Birmingham area is served by eight major 
railway systems operating more than 40,000 miles of track. Sixtv-si\ 
truck and bus lines operate out of and through Birmingham. 
Twenty-five of these lines have their headquarters in the city. Four 
major airlines serve this area with 112 scheduled flights daily. The 
Birmingham Airport ranks fourth in the southeast in total activih 
and operations. 

More than seventy-five years ago the development of the War- 
rior-Tombigbee waterway from the Birmingham area to Mobile w as 
begun by the federal government. A series of small locks and dams 
first provided navigation for the 413 miles. These earlv installations 
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FIGURE 1. Physiographic Provinces of Alabama. Geological Survey of Alabama. 

became obsolete and now the final stages of a modernization pro¬ 
gram are being completed. This involved the installation of four 
larger locks and dams, 110 feet wide and 600 feet long. At the pres¬ 
ent time, a completely canalized nine-foot channel extends from 
Birmingport (near Birmingham) to Mobile. More than seven mil¬ 
lion tons, representing 40 different classes of freight move annua1 ly 
over this waterway. Among the principal cargoes are iron and other 
ores, limestone, iron and steel products, coal, crude petroleum, 
crude rubber, forest products, agricultural products, sand and 
gravel. More than fifty industrial plants have located along the 
Warrior-Tombigbee waterway in recent years, many within the 
Birmingham area. 

The Coosa-Alabama Rivers and tributaries form one of the larg¬ 
est river systems in southeastern United States. It extends from 
Rome, Georgia to Mobile, a distance of approximately 500 miles 
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(from Rome to Montgomery, 286 miles; and from Montgomery to 
Mobile, 314 miles). This river system played a major roll in the ex¬ 
ploration, settlement and early development of the Ridge and Val¬ 
le}' Province. The U.S. Government has authorized one navigation 
and two multiple purpose dams on the Alabama River to provide a 
nine-foot channel from the mouth of the river to Montgomery. In 
addition to its earlier built dams and power development on the 
Coosa, the Alabama Power Company is in the midst of a huge con¬ 
struction program (building dams on the upper Coosa). It is ex¬ 
pected that the federal government will install locks to provide navi¬ 
gation from Mobile to Gadsden within the next decade. 

Thus, it can be seen that the Coosa-Alabama River system is a 
resource with a great potential (power, transportation, water), for 
the Birmingham Area and the Ridge and Valley Province. 

Climate: During the period of record-keeping, 67 years, Birm¬ 
ingham’s monthly temperatures show a range from a January mean 
of 46 degrees to a July mean of 80 degrees. This annual range of 34 
decrees reflects the effects of the warm Gulf of Mexico to the south 

O 

and the invasion of relative cold air from the north and west. The 
average high temperature, for the 67 year period, is 74 degrees, the 
average low is 51.4 degrees, and the average annual temperature is 
62.7 degrees. 

The average date of the last killing frost in spring is March 17, 
but has been as late as April 21 and as early as February 1; the first 
killing frost in autumn, averaging November 10, has occurred as 
early as October 18 and as late as December 5. Therefore, it can be 
seen that Birmingham has a growing season averaging 239 days. It 
has been as short as 192 days (in 1953) and as long as 297 days (in 
1938). 

The average annual precipitation is 53 inches. On an average, 
October is the month with the minimum rainfall, 2.95 inches, and 
March the month with the maximum, 6.0 inches. 

Human Aspects: The Ridge and Valley Province of Alabama 
was first seen by Europeans, DeSoto and his men, more than four 
and a quarter centuries ago. But the history of man in northeast 
Alabama dates back 10,000 years. These early inhabitants were 
the cave dwellers. Artifacts, on display at Russell Cave National 
Monument, furnish evidence of their existence and give some indi¬ 
cation as to how they lived. At a much later period Indians came 
into this region. Several tribes were encountered by DeSoto as he 
explored the Coosa River Valley. They are thought to have been 
largely Cherokees and Creeks. An important Indian town, Coosa, 
located near the present site of Childersburg was visited by DeSoto 



86 Journal of the Alabama Academy of Science 

in 1540. Early writers including three members of DeSoto’s expedi¬ 
tion tell of abundant food crops, wild and cultivated, as growing in 
the area of Coosa supporting a large population. 

The territory occupied by Jefferson County was the common 
hunting ground used by the Creeks, Cherokees, and Chiekasaws, 
but was not the continuous residence of any of them. Some of the 
Indians painted their bodies and weapons with a red rock. The rock 
was later identified as hematite, an iron ore. A Creek settlement was 
located on Turkey Creek near Trussville and another one was lo¬ 
cated within a mile of the present site of the City Hall in Bessemer. 
Also, numerous mound and cemeteries have been located within the 
present boundaries of Jefferson County. 

Jones Valley, in which Birmingham is largely located, was named 
for John Jones, one of a group of four soldiers who had fought in 
the Indian Wars. This group were the pioneers in the settlement of 
the Valley and built Fort Jonesborough in 1814 near the present 
location of Bessemer. A village grew up on the present site of West 
End and was named Carrollville. A school was established and a 
log courthouse built. When Jefferson County was formed in 1819 
Carrollville served as the first county seat. 

William Ely, surveyor-agent for an organization that had ac- 
quired certain lands from the Federal government promoted the 
development of a town known as Frog Level. Ely was successful 
and the town was named in his honor Elyton. Within a few years 
Elyton became the county seat and grew into an important trading 
center on the main stagecoach line from Huntsville to Tuscaloosa. 

During the next several decades no dramatic expansion occurred 
in the Birmingham area. Cotton and grain production, some coal 
mining, and trade were the basis of economic life. Baylis E. Grace 
is credited with the first use of Red Mountain iron ore for commer¬ 
cial purposes. Ore was loaded on wagons at Grace’s Gap and hauled 
to a smelter in Bibb County where it was smelted and the iron sold. 
In the second year of the Civil War wagon trains took the ore to 
Selma for manufacturing into cannons and other munitions of war. 
In 1863 small furnaces and ironworks were constructed at Elyton, 
Oxmoor, and Irondale to supplement the output of the munitions 
plant at Selma. Rifles as well as cannon balls were produced at the 
Irondale plant. On March 28, 1865 General James H. Wilson of the 
Union Army established headquarters in Elyton and destroyed 
munition works, furnaces and railroads in Jefferson and the sur¬ 
rounding counties. 

The hematite ore of Red Mountain served as a magnet that drew 
two railroads, the South and North (Now Louisville and Nashville) 
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and the Alabama-Chattanooga (now the Alabama Great Southern). 
through Jones Valley. The junction of these two railroads, two miles 
east of Ely ton, determined the site of a town that was to become 
Birmingham. The Elvton Land Company was organized in 1871 
and acquired more than 4,000 acres of land around the railroad 
junction at $25 per acre. Lots were sold at public auction June 1, 
1871. The first lot sold, located at First Avenue, North and Nine¬ 
teenth Street, brought $100. Fifteen years later Josiah Morris bought 
the lot across First Avenue (from the one mentioned above) for $6,- 
750 and built the Morris Hotel (a garage now occupies the lot). 

Both natural and man-made factors served to speed the growth 
of Birmingham which was incorporated in 1871. Coal, iron ore, and 
limestone, the essentials for steel making lay under and around the 
city. A plentiful supply of cheap labor, an expanding world market 
for iron and steel products, and available speculative capital were a 
trinity that served well to exploit the gifts of nature. The population 
of Birmingham rose from 3,086 in 1880 to 26,178 in 1890, an increase 
of 748 per cent. The population of Jefferson County increased 280 
per cent during the same decade. 

Leadership giants in the early industrial development of the 
Birmingham area include: John T. Milner, an engineer who sur¬ 
veyed the district for a railroad in 1858 and who conceived the idea 
for the location of a city; Josiah Morris, a Montgomery banker who 
invested more than a $100,000 in the enterprise; and Col. James R. 
Powell the ebullient president of the Elyton Land Company. Powell 
gave the young city the name of the great steel center of the British 
Isles and spread its story of promise throughout the country by 
means of the newspapers. Henry F. DeBardeleben organized the 
DeBardeleben Coal and Iron Company in 1886. A year later it was 
capitalized at $13,000,000, a tremendous sum for the period. Enoch 
T. Ensley of Tennessee founded a town which he named for himself 
and was one of the leaders in persuading the Tennessee Coal, Iron 
and Railroad Company to build in the district. (The T.C.I. became 
a subsidiary of the EPS. Steel Corporation in 1907.) The name 
Erskine Ramsay has long been associated with Birmingham; in his 
early years as an industrialist and latter years as a philanthropist. 

The suburban towns of Avondale, East Lake, Ensley, North 
Birmingham, Elyton, West End, Graymont, Woodlawn, and Wvlam 
joined the central city and were incorporated “Greater Birmingham' 
on January 1, 1910. Thus, Birmingham became a full fledged me¬ 
tropolis, Alabama’s largest city, the third largest in the south, w ith 
an incorporated area of about fifty square miles and a population 
of 138,685. 
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The coming to the Birmingham area of the United States Steel 
Corporation gave great impetus to its industrial development. The 
coal, coke, pig-iron and steel industries were greatly advanced in 
response to the expanding local and outside markets. World War I 
was another stimulant to industrialization and approximately two 
million tons of steel were produced in this area in f919. 

Although the Birmingham Area’s early development was associ¬ 
ated with mining and iron-steel production the last several decades 
have seen a great diversification in manufacturing and distribution. 
This includes both hard and soft goods in heavy and light industries. 
A few of the hundreds of items produced include: textiles, aircraft, 
drug products, automotive parts, chemical products, furniture, ce¬ 
ment, food products, boats, brick, soap, bedding, pipe, printing ap¬ 
pliances, paper, rubber products, paint, and many more. It is esti¬ 
mated that 2,500 different products could be labeled “made in Birm¬ 
ingham. Of Birmingham’s more than 258,000 gainfully employed, 
more than 68,000 are manufacturing workers. 

The Birmingham metropolitan area is inclusive of the city proper 
and a number of other incorporated or unincorporated communities. 
The larger of the incorporated cities are Bessemer, Fairfield, Home- 
wood, Vestavia Hills, and Mountain Brook. The population of Jef¬ 
ferson County in I960 was 634,864; in 1964 it was estimated to be 
667,100. Approximately 65.4 per cent were white and 34.6 per cent 
non-white. 

Educational opportunities are provided for the Birmingham area 
by six public school systems, a number of private and church sup¬ 
ported primary and secondary schools, a private law school, four 
church supported colleges, a new technical school to be opened in 
the fall of 1966 and major facilities of the University of Alabama. 

A program of education, research and community service is pro¬ 
vided by the Medical Center of the State University. This is a vast-i 
training ground for physicians, scientists, dentists, nurses, and tech¬ 
nologists. The Center includes three basic divisions: The Medical 
College of Alabama, the School of Dentistry, and the University of 
Alabama Hospitals and Clinics. Other institutions affiliated with 
the Medical Center include the Crippled Children’s Hospital, Vet-1 
erans Administration Hospital, and the Children’s Hospital. Work of 
the University of Alabama Medical Center continues to expand and 
in certain fields of medicine and surgery has won international 
renown. 

The Southern Research Institute located in Birmingham was 
established to provide scientific research service for industry, gov¬ 
ernment, foundations, and individuals. It is an independent non- 
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profit corporation. It has a staff of 440 of whom 233 hold scientific 
degrees, including 38 Pli.D. degrees. Fields of research are: Bio¬ 
chemistry, Chemotherapy, Engineering, Metallurgy, Organic Chem¬ 
istry, the Physical Sciences, and Industrial Economics. 

Additional papers in this symposium will deal with different 
facets of the Birmingham area. 
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Physiography And Soils Of The Appalachian Ridges 
And Valleys Of The Birmingham Area 

Earl |. Hodgkins and Ernest A. Perry 

Department of Forestry, and Soil Conservation Service, USDA 

Auburn University, Auburn, Alabama 

The two broad topographic divisions are (1) Mountain and 
Ridge, and (2) Valley. The Mountain and Ridge physiographic- 
soil types are: Sandstone Plateaus; Sandstone Hills and Steep 
Slopes; Shale Hills and Ridges; Limestone Mountain Slopes; Chert 
Ridges. The Valley physiographic-soil types are: Limestone Valley 
Soils; Shale-Limestone Valley Soils; Colluvium and Old Alluvium of 
Valleys; Recent Alluvium of Valleys. 

Only the Sandstone Plateaus, the Limestone Valley Soils, and 
the Recent Alluvium of Valleys are used intensively for pasture and 
crops. Shale-Limestone Valley Soils, and Colluvium and Old Allu¬ 
vium of Valleys have limited use for these purposes. By far, the 
bulk of the total Appalachian Ridge and Valley province is devoted 
primarily to uses associated with the growing of forests. In terms 
of these uses — wood production, game production, recreation, wa¬ 
ter management, and the like — there is much to be learned 
cerning the husbandry of these soils and their expected viclds. 

coi 
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Birmingham, Alabama: Its People 

Chester W. Hartwig 

Auburn University, Auburn, Alabama 

Birmingham, Alabama, with well over six hundred thousand 
people in Jefferson County, is one of the large urban aggregates of 
the South. As such, Birmingham and its people have an interest 
for the demographer as a unit for population study. What do we 
know about the people of Birmingham? My commentary will be 
not on what we know about these people, but on what we do not 
know about them. It is not my objective to provide another brief 
report like the customary survey of the Birmingham inhabitants, 
rather 1 would like to advance something I regard as more impor¬ 
tant: to discuss a needed type of demographic study for Birming¬ 
ham and its people. In advancing this proposal for a different type 
ol demographic study, 1 will concern myself with some of the rea¬ 
sons why I believe we should be going beyond the usual demo¬ 
graphic survey. 

Before getting into the proposal, however, it is desirable to 
attempt to place us all in a common context where the proposed 
type of study may be seen as a justified extension of the customary 
inventory of total inhabitants, their areal distribution, male and 
female, educational background, age structure, racial classification, 
religious affiliations, etc. Such customary reports are familiar and 
the utility of the data they provide for many interested parties (busi¬ 
ness, labor, industry, government, and others) needs no further 
justification. Unfortunately, such reports, while basic and having 
their full measure of usefullness, are totally inadequate from the 
point of view of a comprehensive assessment of the human beings 
resident in an urbanized area. In brief, 1 will be attempting to make 
plain that the data-need situation of cities such as Birmingham have 
radically changed, that it is becoming increasingly imperative for 
Birmingham and similar urban complexes to adjust their demog¬ 
raphic reporting activities to the scale and character of the problems 
they confront. If Birmingham and other large urban centers are to 
attempt to intelligently cope with their persisting and mounting 
problems — housing, transportation, human relations, crime and de¬ 
linquency, and others; they vitally need to add to their assessing of 
the human situation. 

To make clear the type of demographic reporting that ap¬ 
proaches the degree of sophistication required by the complexity 
of the problems inherent in today’s larger urban center, let us look, 
even though most cursorily, at data collection related to three prob- 
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lem areas: mental health, productivity, and social unrest. These, of 
course, are interrelated phases of collective living, but our concern 
is only with the demographer’s relation to them. The demographer s 
task is descriptive. In relation to these problem areas, he asks as to 
the mental well-being of the residents in the area, he asks about the 
residents productivity characteristics (potential and realized), and 
he asks about the residents’ contentments or resentments with com¬ 
munity living. It is not the task of the demographer to attempt to 
understand or to solve these social problems; he only provides in¬ 
formation about the residents of an urban area that others may find 
useful in noting and locating social problems, to give some idea of 
their dimensions, to provide information on the characteristics of 
those involved, and to record changes taking place over time. 

The particular problems we have selected — mental health, pro¬ 
ductivity, and social unrest — are only vehicles for conveying our 
thoughts about some of the difficulties that the demographer will 
be confronting when he expands the area of his responsibilities. 
Thus, regarding mental health, we know of the recent interest that 
has been widely displayed throughout the country on this problem, 
and probably have noted the establishment of mental health clinics 
which seek to assist individuals with their behavior problems. Sur¬ 
veys have been made attempting to determine the extent of such 
behavioral problems in populations for the purpose of demonstrat¬ 
ing the need for research and to justify the establishment of facili¬ 
ties in the community to help the afflicted. 

Some of the results obtained in such surveys have been surpris¬ 
ing. The Midtown study (3), covering a portion of Manhattan, 
found over twenty per cent of the population impaired (marked, 
severe, and incapacitated), sixty per cent had pathology-denoting 
symptoms (mild and moderate), and the remaining not-quite twenty 
per cent, were found well or free of anything but inconsequential 
symptoms. In case any are tempted to believe that this may be 
characteristic only of New York, we hasten to note that other studies 
in different areas have turned up not-too-dissimilar findings. 

Such findings, I would suggest, if not startling, then are at least 
interesting in their presentation of such a large proportion of an 
urban populace as seemingly involved with behavioral difficulties. 
One is reminded of the old story of the Quaker talking to his w ife 
and voicing his skepticism about others and thinking their beha\ ior 
odd, and finally arriving at the conclusion: “. . . and sometimes I 
wonder about thee.’’ From such studies one could conclude that 
there is a pressing need for community mental health facilities. 

Before we accept such a conclusion, however, let me hrieth 
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mention a critique of these findings written by Frank E. Hartung 
under the interesting title1: “Manhattan Madness: The Social Move¬ 
ment of Mental Illness” (4). In this article he argues that the interest 
in mental illness in recent years is not a scientific development but a 
social movement — if you will, a fad or fashion. He notes that one 
person described the questionnaire employed in the survey as . . 
one long working-class whine, and noted further that the Midtown 
questionnaire had ignored the middle and upper classes and their 
anxieties — over the stock market, bad schools, and civil liberties. 
If this omission is taken into account, possibly there was a serious 
under-estimation of the impairments and symptoms among the mid¬ 
dle and upper classes. If we allow for such a possibility, it would be 
appropriate to conclude that some of the presumably well twenty 
per cent were also in trouble. Hartung then goes on to point out 
that even this remaining small percentage of supposedly nou-dis- 
turbed may be open to question if we note that there are some who 
argue that civilized man is neurotic. 

We will not proceed further, for I wish to use this material only 
to make the point that the identification of the “mentally ill” is not 
an easy task. II the demographer would go beyond the usual limited 
survey of an area's population and consider, for example, their 
mental health, then he will have to face up to some complicated 
issues. When we set out to determine the incidence of emotional 
disturbance or mental illness, we will confront severe identification 
problems. The source of these identification difficulties will not he 
gone into here, but they exist nevertheless. 

Please do not interpret this precaution to be anything in the way 
of a criticism of efforts made to accomplish the objective of the lo¬ 
cation and extent of mental illness in population groups, nor that I 
consider such endeavors as a fruitless effort. Quite the contrary. 1 
believe it to be highly desirable that we do attempt such surveys — 
regularly. All that I wish to do here is to point out that if we would 
attempt to extend our demographic efforts to provide a richer store¬ 
house of informaion on a population that is related to some of our 
problems in community living, we will be attempting a difficult task. 

To further indicate the intricate character of some of these dif¬ 
ficulties associated with an extension of our demographic concerns, 
we might turn to another interest that has captured our attention 
in recent years which is to look upon the human being as a repository 
of capital investment or the human being as a resource, developed 
or undeveloped. Currently, for example, we have those who regard 
as desirable the increased numbers and proportion of our youth who 
flock to our colleges and universities for added educational back- 
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ground. Educators, economists, and others point to this trend as 

helpful, for they note that the income received by the better edu¬ 

cated person is, on the average, appreciably higher than that of the 

less-well educated. This, if nothing else, is presumed to indicate a 

higher lev el of productivity for the better educated, or, at least, a 

different type of productivity that commands a greater rate of re¬ 

turn in today’s market. Such writers as Denison (1) and Schultz (2) 

claim, respectively, that education contributes materially to the ad¬ 

vancing real national income and the yield from educational invest¬ 

ment is more than is generally appreciated. In the economic sector, 

then, further capital investment in the educational-socialization 

process is presumed to contribute to an enhanced productivity level 

for a given population. 

Somewhat of a comparable argument has been steadily ad¬ 

vanced and approvingly received in the post-Sputnik period as to 

the need for added investment in particular types of education so 

as to develop and maintain a strong international competitive posi¬ 

tion. The argument has been generalized to assert that such an ed¬ 

ucational program is not alone for the purpose of providing per¬ 

sonnel for defense-related industry, for beyond this there is a need 

to better prepare our national group in all areas so they can success¬ 

fully meet the intricate problems, national and international, which 

will be confronting them in the future. In this set of ideas relating 

to social orders there exists the assumption, implicit or explicit, that 

today’s various nation-states are involved in a developmental race; 

and investment in the educational preparation of a people is a cru- 

i cial determinant of success or failure in this contest. And such may 

well be the case. Of interest to note, for instance, is the persistence 

of worry that the United States continues to lag behind Russia in 

some important areas in the space program; and to note, similarlv, 

the sense of mingled pride and satisfaction where we feel in other 

areas that we are in advance of Russia or other peoples. 

I believe that we would all agree that of signal importance in 

this type of discussion of the question of capital investment to de¬ 

velop human resources there inheres the problem of what constitutes 

the wise placement of capital. For example, in the debate over the' 

establishment of the National Science Foundation two decades ago 

there was controversy over whether federal funds should be ap¬ 

propriated for the support of basic research in the social sciences. 

In the original measure creating the Foundation there was no spe¬ 

cific provision for such research, and it was not until 1960 that a 

social science division was created in that organization. One can 

wonder about the wisdom of such decisions. And to go beyond 
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mere personal involvements and preferences, to attempt to look at 

such issues from the point of view of what is best for all concerned 

introduces a new order of porfundity and almost overwhelming 

complexity. 

From the point of view' of the problems posed for the demogra¬ 

pher in his attempts to ascertain the character of the human re¬ 

sources (developed and potential) in a given area, there will be 

some knotty issues. It will not be just a matter of how many in a 

population are found in the productive age ranges, sex distribution, 

educational background, already employed or underemployed or 

looking for work; but he will be looking for realized and unrealized 

potentials. It should be emphasized, too, that the interest will be 

not alone in that limited — although not to be minimized — dimen¬ 

sion of man that becomes involved in the private-public work period 

in community living, but our interest will be in that less well known, 

and yet important, dimension of man as he is involved with commu¬ 

nity living away from the workplace: his family, his religion, his 

recreation, his politics, etc. To provide work skills and a job through 

capital investment does not necessarily result in a vibrant and pro¬ 

ductive social participant; this we know. Unfortunately, however, 

we know too little about these other dimensions of the human 

being. Possibly the demographer can perform a creative function 

by attempting to identify and locate some of these other features of 

the human being that at times seem to play such an important part 

in shaping individual and collective events, for good or for ill, in¬ 

cluding important effects on the economically productive life of the 

community. These other dimensions of man may be worthy of cap¬ 

ital investment because of the return to be received. In our con¬ 

cern with productivity, however, we should keep in mind that there 

is great loss and often great misunderstanding when human produc¬ 

tivity is too narrowly conceived. 

The third problem area, which will aid us in perceiving the need 

for extending the urban demographic task, 1 have ambiguously 

labeled “social unrest. By this term, I intended to designate a 

diversity of events ranging from such violent social upheavals as the 

Watts’ riots in Los Angeles and civil rights conflicts in some of our 

urban centers to such phenomena as individual discontent or malaise 

which is often presumed to infect W estern urban civilization and 

discussed under such rubrics as estrangement, anxiety, loss of iden- 

titv, alienation.1 The demographer might ask: what is the distribu- 

1 A good commentary and selection of pertinent literature is found in: 

Eric and Mary Josephson (eds.). Man Alone: Alienation in Modern Society. 

Dell, New York. 1962. 
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tion of discontent, of rebelliousness, of loss of hope, of desperation? 

Where and to what degree in a social body are tensions building, 

centering around what grievances, to the point where there exists a 

distinct possibility of an eruption of death and terror, of injury and 

property destruction? What proportion of the individual human 

beings in the city’s population have been bred to pitiful loneliness, 

isolation, desperation — and to the degree where suicide, rebellion, 

I violence, or withdrawal become ways out of an intolerable situa¬ 

tion? How do we go about such a task as this: to identify the po¬ 

tential suicide, the rebel, the distraught, and the alienated? 

Too frequently in urban affairs, in part related to our lack of 

i secure information, we condemn ourselves to the treatment of dis¬ 

astrous consequences. Too infrequently do we practice “preventive 

!social medicine.’ The lengthy list of urban problems, so frequently 

recited, is testimony to our lack of skill in managing the social life 

of our cities. The dismal record of human ills in our cities is a record 

of our failures, is a record of our ineptitude in coping with the com¬ 

plexities of city living. As in social life generally, where we little 

understand securely what has and is transpiring and know less about 

what tomorrow most likely will bring, there is great need for the 

advancement of knowledge and the accumulation of information if 

we would more intelligently conduct our common affairs so as to 

secure a better rather than a disastrous future. 

If we are reminded that here now or not far into the future in 

an urban center such as Birmingham we have as many people as are 

found in a dozen independent countries in our world, generally con¬ 

fined in,a smaller area and leading a much more complex stvle ol 

life, possibly this will impress upon us a recognition of the need 

for an informed and skilled direction and control of the urban cen¬ 

ter’s human existence insofar as it is amenable to local governance. 

This is not a part-time task; this is not a responsibility lightly borne; 

this is not a job for amateurs without competent professional assis¬ 

tance. 

Much as we may regret the passing of what some take to be the 

“good old days of “patch here and patch there as needed, such a 

course of conduct in today’s larger urban complexes represents the 

height cf irresponsibility. When we see before us the magnitude 

and the complexity of the urban socio-cultural settings that lie 

strewn across the map of America, and note that the further urbani¬ 

zation of the American continues, we know the day of the part-time 

politico, like that of the country doctor, is drawing to a close. 

The demographer in the local urban complex can contribute to 

a saner course of collective conduct by beginning to interest himsell 
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in something more than nose-counting. There is more to man than 

his nose; and the demographer lias his responsibility in discovering, 

investigating, and recording these other dimensions of a population. 

Such information is now and will be badly needed by those who 

bear the burdan of trying to bring into existence order, coherence, 

meaning, and satisfaction to all in our great cities and urban re¬ 

gions. As these urban complexes continue their entrapment of an 

evergreater proportion of our people, without information and 

knowledge commensurate with the magnitude of the planning task 

for our urban future, can there be any doubt that this future will be 

bleak? We need to ask ourselves seriously: can this future urban 

existence of ours be anything other than disorderly, incoherent, 

meaningless, and dissatisfying? The demographer has his responsi¬ 

bility, and it is a burdensome one, if the answer is to be in the 

affirmative. 
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The Dynamics Of Food Production In The Birmingham Area 

K. M. Autrey 

Department of Dairy Science 

Auburn University, Auburn, Alabama 

The most significant and remarkable achievement of this cen¬ 

tury is the productive genius of the U.S. food producer. Think! Of 

3 billion people in the world more than half were hungry yesterday, 

are hungry today, and will be hungry tomorrow. Malnutrition will 

contribute to the short life-span of most of these hungry people. 

Also, about half the world’s people are illiterate and the ‘two halves’ 

are roughly the same. Most of these people never heard of atomic 
energy and space travel or are unimpressed with these develop¬ 

ments. Their no. 1 concern is food. 

E. T. York, former director of the Alabama Cooperative Exten¬ 

sion Service, said communist USSR is far more impressed with the 

efficiency of the American farmer than with our exploits in atomic 

energy and space travel. John Strohm, journalist and world trav¬ 

eler, made a similar observation of the people of Red China, who 
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now are approaching famine conditions. Her people are the hun¬ 

griest in history. 

What is our role in a hungry world? The President’s Food for 

Peace Program is a 5-year plan that would provide an annual ex¬ 

penditure up to $33 million (the total food bill in the U.S. was about 

S70 billion in 1965). Food is the mightiest weapon in the arsenal 

of democracy. Research, education, government subsidies and other 

efforts to increase food production are not just for the farmers, any 

more than the $40+ billion defense budget is for our soldiers, sailors 

and spacemen. 

Can U.S. farmers answer the challenge of increasing food pro¬ 

duction in the next five years? What are the trends in the U.S., Ala¬ 

bama and the Birmingham Area in food production? 

1. Food is a bargain in the U.S. About 7% of our people live on 

the farms and the average farmer produces enough for 33 people. 

In Russia 45% of the people live on the farm and 36% of the work 

force is needed to produce food for that country. The 1965 wdieat 

crop was very short and about 10 million tons of wheat had to be 

imported in the fall of 1965. 

2. U.S. food producers have won their battle. How much of the 

consumer dollar is used for food? U.S., .18; Britain & France, .30; 
USSR, .45+,- India and China, .75+. 

3. The U.S. has 4 million fewer farmers in 1960 than 1940, but 

50% more food and fiber. Broilers are produced with 88% less labor; 

corn, 86% less; wdieat and cotton, 73% less; milk, 58% less labor. 

4. Efficiency continues to increase. From 1947-’49 to 1963 effi¬ 

ciency of agricultural production increased 131% while non-agri- 

cultural production increased 47%. One hour’s work would buy: 

1947-’49 1963 

Beef, lb. 2 3 

Milk, qt. 6.5 10 

Eggs, doz. 2 5 

Potatoes, lb. 25 38 

5. Side benefits of U.S. food efficiency. The U.S. has 6% of the 

world’s people, 60% of the autos, 50%’ of the telephones, 50% of the 

electric powder and 40% of the steel production. 

What is the picture in Alabama and in the Birmingham Area? 

1. Alabama goes urban. From 1950 to 1960 the percent of rural- 

farm people dropped from 32 to 15%. In the 8-county Birmingham 

Area the drop was from 15 to 6%. 

2. Farm cash income trends in Alabama from 1950 to 1964. Poul¬ 

try income increased from $30 million to $190 million; beef cattle. 
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from $38 million to $76 million; cotton, from $118 million to $137 
million; and milk income increased from $26 million to $44 million. 
Milk income to farmers was 48.5 million in 1965 and to plants, $65 
million. Income from all commodities increased from $363 million 
in 1950 to $650 million in 1965. 

3. Food producers are changing. Average age has increased 
from 47 yrs. to 51 yrs. from 1950 to 1960. The percentage of farm¬ 
ers working off-farm in the Birmingham Area has increased to 56. 
The percent with tractors is 56. More dairymen are using artificial 
breeding, 66%; production testing, 42%; and they have larger herds, 
lu 1963 more than half the dairies had herds of over 90 cows. 

4. Animal population is changing. In the 8-county Birmingham 
Area broiler numbers have rapidly swelled the poultry population 
to about 145 million. Total cattle numbers have increased slightly, 
but dairy cattle numbers dropped from 43,000 to 27,000 from 1950 
to 1960. However, the trend to larger cows and much more produc¬ 
tion per cow has resulted in a large increase in total milk production. 

5. The trend to mechanization — intensive dairying (1965). In 
the 8-county area there are 204 grade A dairies with 51 parlors, 144 
sanitary pipelines. All dairies have bulk milk tanks and 101 feed 
silage. The number of producers of cheese and evaporated milk is 
450. 

6. Fewer producers — more milk. During the 6-month 'base- 
building' period in the 8-county Birmingham Area the volume of 
milk sold per farm increased from 154,000 lb. in 1958- 59 to 296,000 
lb. in 1963- 64. During the same period the number of producers 
declined from 274 to 197. The total production in the area increased 
by 40%. 

7. Fewer producers — higher production — more income. In a 
5-county area (Jefferson, Shelby, St. Clair, Walker and Chilton) 
from 1959-1964 the number of producers dropped from 166 to 125 
but the value of milk sold increased from $3.5 million to $4.9 million. 

8. Changing agriculture in Jefferson County. From 1950 to 1965 
poultry income increased from $406,000 to $3,074,000; Dairy, $974, 
000-$2,000,000; meat, $538,000-$805,000; crops, $1,012,000-$l,640,- 
000. Total farm income increased from $2,930,000 to $7,519,000. 
The number of dairies declined from 70 to 33 and milk production 
per cow increased from 5260 lb. year to 9780 lb. 

It is obvious that efficiency of food production has increased at 
a phenomenal rate in Alabama, and the Birmingham Area is typical. 
Clint Johns, County Extension Chairman in Jefferson County savs, 
“We are producing twice as much milk in half as many dairies from 
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the same number of cows, with perhaps half as much labor (1950- 

1965).” 

Summary — Trends and Opportunities: 

1. Alabama — Trends. 
A. Continued decline in farm population and a serious labor 

shortage is imminent. 
B. Increased efficiency of food production has more than offset 

declining farm population and reduction in number of farms. 
C. Disappearance of the family cow has contributed to move¬ 

ment of more milk in commercial channels. 
D. A large drop has occurred in number of milk producers since 

the price of such milk is too low for profitable production. 
2. Alabama — Opportunities. 
A. A continued population shift to Florida will eventually back¬ 

up into Alabama and a demand for farm products will increase. 
B. The Birmingham Area is very diversified and is expanding as 

a concentration and distribution center — the market potential fan¬ 
ning out in a broad arc from St. Louis to Chicago, Detroit, Cleve- 
.and and Pittsburg. 

C. Forest production efficiency can be increased greatly from 
the current yield of 0.5 cords per acre per year to 2.0+ cords under 
good management. This is significant in light of the nearly % of 
Alabama’s land area in trees. 

D. Pasture and forage potential for expanded livestock produc¬ 
tion is great. 

E. Alabama is being considered as a potential commercial fruit 
and vegetable source to replace the rapidly disappearing horticul¬ 
tural industry in California. Major advantages are low-cost land 
(compared with California), high rainfall and nearness to major 
markets. 

3. The Fading Food Surplus (U.S.). 
A. Government holdings of butter, cheese and dried milk have 

almost disappeared. Milk production was 2 billion lb. less in 1965 
than 1964 and is steadily declining. USDA forecasts the biggest 
drop in milk flow in 18 years during 1966. There have been hear¬ 
ings in the Senate and House reflecting concern over the shrink¬ 
ing milk production. Milk shortages are caused mainly by: (1) 
Producers selling out due to the cost-price squeeze (milk at $3.00- 
$4.50 per cwt. cannot be produced at a reasonable profit); (2) Se¬ 
vere culling of dairy cows; (3) Lack of efficient labor (the $1.05 
avg. hourly income to farmers is not competitive with industn 
wages of $2.50+/hr.). 
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B. The rapid decline in milk flow in the Midwest ‘dairy states 
and the loss of California grown fruits and vegetables represent ma¬ 
jor challenges to the Southeast if we are to meet our own food needs 
as abundantly as in recent years, and especially if we are called to 
meet the demands of the President’s ambitious Food for Peace pro¬ 
gram. 

To stabilize our food production system we must: 

(1) Visualize our real food and fiber demands 5-10 years ahead 
and set the stage for expanded markets. 

(2) Pay the price required for dairymen and other food pro¬ 
ducers to meet the vicious cost-price squeeze. This means higher- 
price milk and a more realistic labor wage. 

(3) Continue to increase efficiency through research, education 
and improved technology. 

(4) Increase our supply of educated people in the various fields 
of agriculture. 

(5) Improve our public relations program to inform consumers 
about the role and significance of agriculture in our economy. 

Dairy food production, indeed all agriculture, is dynamic and 
vital to our economy and to the U.S. position of world leadership. 

Alabama’s Mineral Industry 
Yesterday, Today, And Tomorrow 

Thomas A. Simpson 

Chief, Economic Geology Division 

Geological Survey of Alabama1 

Alabama’s mineral industry had its beginning in the early 1800's, 
when settlers discovered substantial deposits of iron ore, coal, and 
limestone. These early crude iron furnaces, scattered throughout 
the northern half of Alabama, formed the basis for the iron and steel 
industry of the Birmingham area. Products from this iron and steel 
industry are shipped throughout the world. Early reports showed 
that mineral production was valued at around one million dollars 
per year. The total value, at present, is about 240 million dollars per 
year. The significance of our mineral industry is not related so much 
to the 240 million dollars annual worth, but to the semi-finished 
manufactured products resulting from the processing of our mineral 
raw materials. The labor force of the mineral industry represents 
about 20,000 people, which is about 23 pecent of the available labor 
force in Alabama. These 20,000 people receive wages or earnings 

1 Publication authorized by the State Geologist. 
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amounting to about 57 million dollars a year which is about 38 per¬ 

cent of the wages in Alabama. 

One of the great advances in the basic iron and steel industry of 
this country has been the invention of the BOF, or Basic Oxygen 
Furnace. Recently, Republic Steel Corporation in Gadsden placed 
into operation two BOF units capable of producing heats of about 
350 tons per hour, a considerable improvement over our blast furn¬ 

ace capabilities. 

One of the largest mineral industries in Alabama is crushed stone 
O 

and aggregate, which amounts to 60 or 70 million dollars a year. 
This, of course, has been brought on by our highway construction, 
and commercial and industrial building. Another new stone product 
recently placed on the market is lightweight aggregate. Vulcan Raw- 
Materials Company in Birmingham recently put into operation a 
plant in the Bessemer area utilizing shale, which when heated, ex¬ 
pands, forming a lightweight aggregate. This promises to be one 
of the most useful potential mineral industries for the future, par¬ 
ticularly in the Coastal Plain area, where aggregate material is 
lacking. 

Another significant, but little known mineral industry, is talc 
mining at Winterboro, Talladega County, Alabama. Products from 
this mine are used by the Johnson Pharmaceutical Division and by 
Helena Rubinstein Cosmetics. Alabama is the third largest producer 
of talc in the United States. 

Abundant silica deposits occur throughout eastern Alabama. 
Quartz in Tallapoosa County is presently being mined for use as an 
aggregate material in exterior wall panels. In addition, research by 
highway departments throughout the country has discovered that 
manufactured quartz sand is a much better medium for asphaltic 
mix because the sharp angular fragments create a surface which af¬ 
fords a much better traction and braking surface for vehicular travel 
on our highways. 

Another major mineral industry in Alabama is the cement indus¬ 
try which produces nearly $15 million worth of portland and ma¬ 
sonry cement a year. About one-fifth of the state is underlain by 
carbonate rocks, furnishing valuable carbonate resources for the 
manufacture of cement. 

Alabama is the second largest producer of bauxite in the United 
States and the predominant use is in the refractories industry and 
for the manufacture of aluminous chemicals. Bauxite is mined in 
Barbour and Henry Counties, however, none of this material is 
used in the manufacture of metallic aluminum. 



102 Journal of the Alabama Academy of Science 

The marble industry of Alabama has been established for a long 
period of time, at least 100 years, and products from the marble 
quarries in the Sylacauga area have been shipped throughout the 
world for exterior dimension stone, interior finish dimension stone, 
and now one of the newest uses is for a calcium flour as an industrial 
extender or filler. Marble production rose from a million dollar a 
year industry ten to fifteen years ago, and now approaches ten mil¬ 
lion dollars a year. 

Extensive brown iron ore deposits (limonite-geothite iron oxide 
minerals) occur in Franklin County, near Russellville, which is the 
oldest brown iron ore mining operation in the United States. How¬ 
ever, reserves are being depleted and the probable life is about 10 
to 15 years more. Recent work by the Geological Survey in south¬ 
eastern Alabama in Barbour, Pike, Butler, and Crenshaw Counties 
has indicated a belt of relatively high-grade brown iron ore con¬ 
taining from 40 to 55 percent iron. Exploratory drilling in the area 
has disclosed about 700 million tons available for mining. This de¬ 
posit is ample to support a large iron and steel industry, which we 
will probably see developed in that area within the next decade or 
two. 

Alabama is now one of the largest producers of scrap mica in the 
world. Plants at Heflin and Newell contain sufficient reserves for 
many tens of years. Scrap mica is another industrial extender or 
filler used primarily in the rubber tire, paint, waiboard, and roofing 
industries. United States Gypsum Company has recently purchased 
the Dixie Mica Company’s mining operation and this promises to 
become an even more important major industry for the state. 

Tallapoosa County contains a belt of ultra basic rocks which 
have been metamorphosed and weathered to asbestiform minerals 
and, at present, Geological Survey investigations are underway to 
determine the usefulness and extent of this large belt of anthophyl- 
lite-asbestos and low-grade talc, which may eventually become a 
mining industry in that part of the state. Associated with these 
minerals are deposits of vermiculite, corundum, and chromite. The 
extent and concentration of these minerals are unknown at present; 
however, they may prove to be commercial in the future. 

Some of the lesser abundant minerals occurring in the crystalline 
part of Alabama, in Coosa County, are tin, tantalite, and columbite. 
Drilling by the Bureau of Mines during the War years disclosed 
pockets of tin, ilmenite, tantalite, and columbium minerals. These 
are sporadic occurrences and, apparently, at present are not com¬ 
mercial. However, in the future, we may see the full exploitation 
of these minerals. 
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We have seen that the mineral industry of Alabama is well es¬ 
tablished, and that each of these deposits furnishes jobs for many 
Alabama citizens. We expect to see within the next decade or two 
our mineral industry grow from about 250 million dollars a year to 
about one billion dollars a year. We have abundant natural resources 
in the state to accomplish this, and with advanced technology and 
population growth, we can expect that our mineral industry will 
continue to expand. 

Outdoor Recreational Potential Of The 
Birmingham, Alabama Area 

Ralph H. Allen, Jr. 

Chief, State Game Management Section 

Game and Fish Division 

Alabama Department of Conservation 

With more and more people moving from the farm to the city, 
many of us today live our lives in herds. We swarm to work, bumper 
to bumper. We spend our week-ends and holidays on packed high¬ 
ways. We confine our pleasures to canned entertainment and spec¬ 
tator sports. We are seldom alone, rarely beyond the reach of hu¬ 
man voices or the din of man-made sounds. There is hardly a chance 
for a man to know himself or to build a philosophy to live by. The 
outdoors is an antidote to all of this and to many of the complexes 
and neuroses that go with it. The utilization of renewable natural 
resources for outdoor recreation gives man a chance to regain values 
that our civilization has lost. 

Generally speaking, areas with a large urban population have the 
greatest need for outdoor recreation. Unfortunately, however, man 
is his own worst enemy in the preservation of the natural renewable 
resources essential in quality outdoor recreation. The larger the 
population, the more polluted are the streams, the more numerous 
are the fences and no trespassing signs, the more abundant are the 
tin cans and other litter, the more frequent are the forest fires, the 
smaller the landownership and the unbroken tracts of forest lands, 
the less abundant are the fish and wildlife populations, and the 
greater the distance one must travel to hunt, to fish, to hike, to pic¬ 
nic or to just relax in the unspoiled out-of-doors. 

It is quite natural, therefore, that one would assume that qualitx 
recreation in the Birmingham area with its large urban population 
is at a premium. 

We here today are members of the Alabama Academy of Sci¬ 
ence and deal in facts, not assumptions. It is with this thought in 
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mind that I have prepared this report on “Outdoor Recreational Po¬ 
tential of the Birmingham, Alabama, Area. 

For the purposes of this report, the Birmingham area is consid¬ 
ered to be Jefferson County and the six adjoining counties of Bibb. 
Blount, Shelby, St. Clair, Tuscaloosa and Walker. 

FOREST LANDS 

Forest lands provide more opportunity for quality outdoor rec¬ 
reation than does any other basic area. It is in the forest that man 
prefers to hike and picnic. It is in the forest that man finds wildlife 
and plants most abundant. It is in the forest that man finds the 
clean, clear streams. It is in the forest that man can relax and feel 
close to nature. 

The Birmingham area is well blessed with forests. Of the 3,823,- 
000 acres of total land area in the seven counties, over 2,883,000 
acres are classed as forest lands. State and federal ownership com¬ 
prises in excess of 100,000 acres of forest lands; the remainder is in 
private ownership. 

Policies regulating public use of private lands for recreational 
purposes vary with the individual owner. Some owners will not 
permit the use of their lands by the public under any condition. 
Other landowners permit limited use by individuals by permit. Still 
other landowners allow free public use without restriction. 

Public use of public lands is encouraged for most outdoor recrea¬ 
tional activities and permits are not normally required on public 
lands except to hunt and in some areas to fish. 

HUNTING OPPORTUNITIES 

A number of game species such as dove, quail and rabbit are 
classed as farm game and spend much of their time in the more 
open areas associated with farming activities. Deer, turkey, squirrel 
and raccoons are classed as forest game and as the classification in¬ 
dicates are most often found in wooded areas. Therefore, hunting 
of the different species in the seven county area is not limited to 
forest areas alone. Because of this fact, it is conservatively esti¬ 
mated that the hunting potential within the seven county area is in 
excess of 3,225,000 acres. 

As has already been pointed out, private ownership comprises 
the largest segment of land acreage and hunting on these private 
lands is dependent upon the attitude of the individual owner. 

Alabama law requires a written permit to hunt on the lands of 
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another. Some landowners reserve their hunting rights for them¬ 
selves or lease the rights to private clubs. A few large landowners 
sell daily or seasonal hunting rights to individuals for a nominal fee, 
while still others issue free permits upon request. 

The Alabama Department of Conservation maintains approxi¬ 
mately 65,000 acres in two wildlife management areas for public 
hunting within the seven county area. An additional four wildlife 
management areas, although not in the seven county area, are lo¬ 
cated within 100 miles of the city of Birmingham. 

The Birmingham area, like most of the state, was restocked with 
deer and turkey by the Conservation Department, in cooperation 
with landowners, in order to re-establish deer and turkey popula¬ 
tions. Since the original deer restocking in Jefferson County in the 
late 1930's, a total of 533 deer and 85 turkeys have been released in 
the seven county area. Areas now closed to deer and turkey hunting 
are the result of recent restocking and will be reopened in the near 
future when the populations reach huntable numbers. 

WATER RECREATION OPPORTUNITIES 

Alabama as a State is well blessed with large numbers of streams. 
Stream development for power and navigation through the construc¬ 
tion of dams has resulted in the creation of large impoundments on 
many rivers. In the seven county area under consideration there 
are 1,108 miles of streams in addition to numerous lakes and man¬ 
made ponds and impoundments which provide in excess of 50,000 
acres of water for fishing, skiing, swimming, boating and skin diving. 
In addition to this 50,000 acres, there is an even larger acreage of 
water available in T.V.A. and Alabama Power Company impound¬ 
ments within a 100 mile area of the City of Birmingham. 

The Alabama Department of Conservation has created four pub¬ 
lic fishing lakes containing 582 acres in three of the seven counties. 
The City of Birmingham has a 7,000 acre lake maintained as a 
source of water in which fishing and related outdoor recreation is 
permitted. 

Over 2,400 private ponds and lakes containing an estimated 
11,400 acres of fishing waters have been constructed within the 
seven counties. Fishing on these ponds and lakes is regulated bv 
the owner; however, a number of these lakes are opened to the pub¬ 
lic on a fee basis. 

Pollution is a problem in some streams in the area but stricter 
pollution laws should reduce this problem in the future. 
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PUBLIC PARKS 

Exclusive of the city parks maintained in the greater Birming¬ 
ham area, there is only one major park within the seven county 
area. This park of approximately 10,000 acres is the Oak Mountain 
State Park located in North Shelby County near the Jefferson 
County line. Located in the park are two public fishing lakes, over¬ 
night cabins, picnic tables, and a lake for swimming. Hiking and 
overnight camping are available to those who like to “rough it.” 

Although hunting with guns is prohibited by state law in state 
parks, the park area abounds in game. An experimental bow and 
arrow deer hunt was initiated in the park in 1965. 

CONCLUSION 

From this review of the outdoor recreational potential in Jeffer¬ 
son and its six surrounding counties, it is evident that the area pro¬ 
vides and will continue to provide many forms of quality outdoor 
recreational opportunities in quantity. 
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Rol and McMill an Harper 

On April 30, 1966 Roland McMillan Harper passed from earthly 
labors, thus ending one of the most remarkable and brilliant careers 
in the field of science in any age anywhere. Spread over almost 
three generations, from his early years to his very last days, Dr. 
Harper travelled widely, accurately recorded what he saw (and he 
missed very little indeed!), photographed much of it, and published 
lavishly, from monographs on Alabama, Georgia, and Florida to 
many hundreds of articles in journals, magazines and newspapers, 
perhaps 10,000 pages in all. 

Dr. Harper liked to travel on slow trains and in slow automobiles 
on narrow roads. He made copious notes on everything along the 
way. He rarely travelled at night, preferring to spend that time 
going over the day's record and getting it all firmly sealed in his 
mind. His capacity for remembering events by not only the year, 
month and day, even the time of day, was astounding, and he 
retained that faculty until the last year or two of his life. He was 
a veritable walking encyclopedia. And could he walk! Even in his 
late seventies he could walk the legs off men a third his age. In 
his office he worked full days, pressing plant specimens, writing 
manuscripts and letters on a very old typewriter. In late afternoon 
he would walk to his quarters with a load of material to occupy his 
evenings. Surely no one ever packed more working hours into a 24- 
hour day, nor more days in a year. He never took a vacation—his 
life was a vacation. 

Dr. Harper was born in Farmington, Maine, August 11, 1878. 
His father, William Harper (1843-1907) of Canadian birth, was 
married to Bertha Tauber (1853-1945) whom he met while a 
student at a German University. His father was a learned scholar 
and a teacher, and his mother an author. In 1887 the family moved 
to Dalton, Georgia, and later to Americus. When old enough to 
enter college, Dr. Harper enrolled at the University of Georgia, as a 
sophomore. His degree was in engineering, of all things. After 
graduation he did botanical and geographical work for U. S. 
National Herbarium, U. S. Department of Agriculture, American 
Museum of Natural History and New York Botanical Garden all 
the while pursuing graduate studies at Columbia University, getting 
a PhD. in 1905. 

Having been bitten by the Southern bug in his youth. Dr. Harper 
headed back south, arriving at the Universitv of Alabama in the 
autumn of 1905. Actually the South has never had a more ardent 
supporter, nor the southern way of life a more aggressive proponent. 



DR. ROLAND McMILLAN HARPER in typical environment and dress: tie, vest, 

coat, leggings (which tell the story of many a sortie through briers, brambles and 

thickets), notebook, camera over his shoulder and brief case in which to carry his 

specimens until night-time pressing. Thoroughness was his watchword. If he ever 

got tired, he never mentioned it. 

The fruits of his labor are here: botanical specimens, books, pam¬ 

phlets, separata, copies of letters, newspaper clippings which laid 

end to end would belt the globe, thousands of photographs, and 

tens of thousands of cemetery records. They will be source material 

for scholars for generations to come. 

Long a bachelor, Dr. Harper married Mary Sue Wigley, of 

Dawson, Alabama June 23, 1943. Ilis wife had been a noted 
lecturer, a career which had taken her into every state in the Union. 
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Dr. Harper was kindly, friendly, lovable, absolutely honest in 
every way, and a perfect gentleman of the old school. The harshest 
criticism the author ever heard from him was “some people know 
some things that are not so." 

Though a member of many professional societies, we of the 
Alabama Academy of Science will miss him most. It is believed that 
he attended every annual meeting since the Academy was formed in 
1924. Loaded with tables, charts, and graphs; hustling from one 
section to another to give or listen to papers, Dr. Harper had become 
a tradition at our meetings. The tradition is now gone, but the 
memory will live on and on. 

Walter B. Jones 
State Geologist ( Retired) 
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The Behavior Of Simulated Samar Materials In 

An Ult rahigh Vacuum Environment 

Stanley A. Fields1 

George C. Marshall Space Flight Center 
Huntsville, Alabama 

INTRODUCTION 

Much information has been obtained recently from the Ran ger 
spacecraft and the Russian Luna 9 about the nature of the inter¬ 
mediate size features on the surface of the moon. Previous radar 
observations have postulated a surface which is smooth at wave¬ 
lengths greater than 3 cm (3). However, the manner in which the 
features smaller than 3 cm are constructed and their detailed 
structure are not known. Polarization data (2) indicate a porous sur¬ 
face which is composed of opaque material. Other photometric 
data (6) also indicate a porous surface which could be caused by a 
dendritic framework of individual particles. This dendritic pattern 
would offer many cavities to partially account for the pronounced 
back scattering of the moon. The highly porous nature of the sur¬ 
face of the moon is supported by thermal data (14), but the 
question of whether this structure is only a thin skin or a homogene¬ 
ous solid (7) cannot now be answered. Normally, the observed 
temperatures are an average over a large region of the surface, and 
it is possible that part of the observed region may be covered with 
bare rock and the remainder with dust (8). 

Experimental data in detail have been needed to give further 
evidence on the possible characteristics of the uppermost portion 
of the surface of the moon. Initial exploratory experimention is 
being done with various granular materials in order to gain a more 
complete understanding of the behavior of such material in a 
vacuum. 

The effect of a lunar type enviroment on the mechanical proper¬ 
ties of simulated lunar materials is a problem which has received 
much attention in recent years. Soil adhesion has been investigated 
and reported by several investigators (5, 13, 15, 17) using various 
techniques and obtaining varying results. Also the effect of a 
vacuum environment on a volume of simulated material has been 
studied by many experimenters (1, 4,10, 11,12,16,18,19) and while 
answering many questions has also raised many. 

I wish to express my appreciation to K. D. Rudolph and Ed Willingham for 
their efforts in the sample preparation and performance of the tests. Also, I am 
grateful to Hoyt Weathers for the many discussions related to the pursuit of this 
program. 
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FIGURE 1-A. Ultrahigh vacuum system 

FIGURE UB. Ultrahigh vacuum system with bakeout shroud 
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The particle size is a factor which greatly influences the 
mechanical properties of simulated lunar materials. The range of 
particle sizes which has been suggested in the literature has been 
summarized by Johnson (9) and is listed in Table 1. 

TABLE 1. Particle size of suggested lunar soils. 

Size Range (, <u) Reference 

0.1 to 50 Winterkorn and Johnson 
0.7 to 5 Bekker 

1 to 50 Grannis 
10 to 300 Brunschwig, et al. 
85% 2 to 40 Rowe and Selig 
80% 44 to 74 Halajian 

5 to 60 Crozier 

This paper reports the experimental work performed to deter¬ 
mine the effect of an ultrahigh vacuum on the behavior of simulated 
lunar materials. The size range of particles was selected to deter¬ 
mine the size effect on the behavior of material and not necessarily 
because of the probability of a particular size range being found on 
the lunar surface. 

Materials of various composition, shape characteristics, and size 
ranges are tumbled inside an ultrahigh vacuum chamber. This 
movement of particles exposes the surface of individual grains to 
the vacuum environment and facilitates the removal of gas from 
the bulk sample. The materials are studied to determine the effect 
of grain size, grain shape, and surface contamination on the adhesion 
properties. 

EXPERIMENTAL EQUIPMENT 

Ultrahigh Vacuum System 

The ultrahigh vacuum system shown in Figure 1-A is completely 
oil-free and bakeable to 250°C. The upper chamber is a 45-cm 
diameter by 76-cm high stainless steel bell jar with a removable 
liquid nitrogen shroud. When the shroud is in place, the diameter 
of the chamber is reduced to 33 cm. The lower chamber is 55 cm 
high and 45 cm diameter and contains a permanent liquid nitrogen 
shroud with an inside diameter of 40 cm and height of 34 cm. An 
optical baffle separates the two chambers. 

In order to keep this system completely oil-free, five individually 
valved sorption pumps are mounted on a manifold which is con¬ 
nected to the main chamber through a bakeable valve. The primary 
pump is an ion pump rated at 1200 1 per second. An additional 
pumping speed of 4000 1 per second is obtained by a titanium sub- 
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FIGURE 2-A. Jaw crusher 

FIGURE 2-B. Sieve shaker with 
sieves 

FIGURE 2-C. Microscope 

FIGURE 2-D. Furnace and ovens 
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limator located in the base of the lower chamber. The titanium is 
restricted to the lower chamber by the optical baffle. 

The upper chamber contains four 10-em view ports. Three of 
these are located 30 cm above the base flange and spaced 90° apart. 
The fourth port is located in the center of the top of the bell jar. Just 
below the flange of the lower chamber are located ten feedthrough 
ports. The system pressure is measured using a nude ionization 
gauge down to 3 x 10 9 n/m2 (2 x 10 11 Torr.) A cold cathode 
“Redhead” gauge is used to measure the pressure beyond the limit 
of the ionization gauge. The ultimate vacuum for this system as 
measured on the Redhead gauge is in the 10 11 n/m2 (10 13 Torr) 
range. 

All flanges are sealed with OFIIC gaskets to allow bakeout to 
250°C. Figure IB shows the system with the bakeout shroud in 
place. Each half of the shroud contains two rows of three quartz 
heaters to allow an even bakeout of the chamber. The ion pump 
is baked at 150°C by internal heater elements. 

Sam))Ie Preparation Equipment 

The jaw crusher shown in Figure 2A is used to reduce the 
sample to less than 3 mm in diameter. The crusher will take 
samples as large as 15 cm by 5 cm. The material is then sieved and 
classified according to selected ranges. When further reduction in 
size of the material is needed, a hammer mill is used. The hammer 
mill will take material up to 1 cm in diameter and reduce it various 
sizes, with the smallest being less than 0.250 mm. , 

The material is classified into various size ranges using the 
Tyler, U.S. Standard Sieve Series and the sieve shaker shown in 
Figure 2B. The samples are examined, and photographic records 
are made using the microscope shown in Figure 2C. The samples 
can be examined visually with a magnification of 2.5X to 800X. 
A 35-mm camera can be used to record the sample over this same 
magnification range or a Polaroid camera can be used, recording a 
magnification range of 3.3X to 1060X. 

The pre-vacuum chamber preparation for all samples and tests 
apparatus includes a bakeout. The furnace and ovens used in this 
phase of the preparation are shown in Figure 2D. The large oven 
is capable of receiving any apparatus which can be put into the 
vacuum chamber. The maximum temperature for this oven is 325” 
C. The smaller oven used for baking samples has a maximum of 
250°C. Small items can he baked in the furnace at temperatures up 
to 2000°C. 
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Test Apparatus 

The test apparatus consists of a stainless steel drum, a variable 
motor, and a magnetic rotary seal. 

The drum shown in Figure 3A is 25 cm long and 15 cm in 
diameter. The drum contains four slats 1.3 cm high which extend 
the length of the drum. These slats are removable, allowing for 
slats of various materials to be used. One end of the drum is 
closed by a plate containing four ports of fine mesh wire to allow 
the gas to escape. The other end is closed by a glass window to 
allow viewing of the sample while the experiment is in progress. 

A variable speed motor, adjustable up to 400 rpm in either 
direction, is used to rotate the drum. The rotation is transmitted 
into the vacuum chamber by a magnetic coupled rotary seal 
mounted through one of the 10-cm view ports. Figure 3B shows 
the motor and rotary seal mounted on the vacuum chamber. 

SAMPLE MATERIALS 

Material Selection 

The materials used in this program are primarily of volcanic orgin 
and were selected because they closely resemble the types of 
material expected on the surface of the moon by some investigators. 
The glass was selected because of the extreme range of grain 
roundness. Figure 4 is a photomicrograph of the materials which 
have been tested in this program to date. 

Material Description (19) 

Olivine Basalt. The bulk basalt is very gray in color and contains 
nodules and crystalline masses of plagioclose (feldspar) and augite 
(pyroxene). This material was obtained from a commercial source 
as was the pumice below. 

The matrix is finely textured. The size reduction routine in the 
sample preparation crushed all visible crystalline material. The 
granular material was homogeneous as to color and texture. 

Pumice. The bulk material is weakly banded with areas of beige- 
gray to pinkish pumice grading from gray to slightly off-white. 

The primary reason for the selection of the pumice was its low 
bulk density and the extreme angularity of its granular particles. 
The particles are actually shards rather than grains. A photo¬ 
micrograph of a typical sample is shown in Figure 4. When this 
picture is compared to those other samples used in these experi¬ 
ments, the range of shape characteristics and surface roughness can 
easily be seen. 
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FIGURE 3-A. Test apparatus 

FIGURE 3-B. Test apparatus mounted on vacuum chamber 
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Glass Spheres. The glass spheres were obtained from a com¬ 
mercial source in Carlstadt, New Jersey, in seven size ranges from 
590 microns to less than 37 microns. As can be seen from the photo 
micrograph in Figure 4, the percentage of spherical particles is 
quite high. This should be compared with the extreme angularity 
of the previously described pumice. 

Crushed Glass. The crushed glass was obtained from the same 
source as the glass spheres. The purpose of the crushed glass was to 
give a sample identical in composition to a well-rounded sample 
but with very angularity. 

SAMPLE PREPARATION 

The basalt and pumice materials were received in solid bulk 
form. Smaller pieces of the solid were identified and stored for 
future correlation. After the material was broken down into the 
various size ranges, a portion of each size was properly identified 
and stored for future correlation. 

The solid bulk samples were first reduced in size by hammers 
and by a jaw crusher. The jaw crusher plates were relatively wide 
open for the first pass of the bulk material. Even this rough 
crushing produced a fair amount of fine material. The plates were 
then adjusted to about 0.5 cm opening. The material was passed 
through a stack of sieves after each of the crushings to separate 
the fine particles. The coarse material was then passed through 
a laboratory hammer mill with an opening of about 1 cm. Bv 
selecting the proper size hammer mill screen, the range of material 
sizes was roughly controlled. Due to the different crystalline 
structures present in the different solid materials, it was found 
that some materials favor a certain size range, while others favor 
a different size range. It was difficult, for example, to hold pumice 
in the range of 1000 to 500p. The material is too fragile to use the 
hammer mill for larger sizes. These sizes were obtained by hand 
grinding using a mortar and pestle. The rough size ranges of basalt 
were sometimes controlled by over feeding the hammer mill running 
without a screen. This allowed fewer contacts between the individ¬ 
ual grains and the hammers, resulting in a cracking of the grains but 
not a full reduction to a powder form. 

The glass samples were received in size classifications which 
did not correspond to the ranges desired for this program. Reserv e 
control samples were taken from each size, packaged and properly 
identified. The samples were then resized into the classifications 
desired and reserve samples properly identified and stored for later 
correlation. 
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FIGURE 4. Photomicrograph of granular materials 

The sieves used to size the materials were full height, 8-in. 
diameter sieves in the following sizes: 

S.T.M. No. Tyler Opening, w 

18 16 1000 
35 32 500 
60 60 250 
120 115 125 
230 250 63 
400 400 37 

20 nominal 
(18-22 actual) 

A machine which rotates and vibrates the sieve stack was used 
for the sieving operation. Constant sieving time change of granular 
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material was insured by using an automatic timer to control the 
power to the device. The amount of charge of material to be sieved 
was determined by experiment. As the finer material progressed 
through one size screen down into the next, it was given an op¬ 
portunity to be presented to the screen openings several times. The 
chance of passage of a smaller size particle than the screen opening 
is lessened as the amount of charge is increased. This is especially 
true for those materials whose grain dimensions are not uniaxial 
such as pumice shards and crushed glass. This situation is minim¬ 
ized, however, in the charges of glass spheres. In all materials there 
was a tendency to clog the screen openings. 

The time cycle for each sieving was 30 min. At the end of each 
cycle, the sieves were separated and emptied into appropriately 
marked containers. The material was successively ground and 
sieved until the minimum amount was obtained in the required 
size ranges. 

The sample along with the test apparatus is baked in an oven 
at 250°C for four hr. prior to placing it into the vacuum chamber. 
Prior to the bakeout, the test apparatus is carried through a cleaning 
process which includes washing in tap water, and detergent, rinsing 
in tap water, rinsing in distilled water and finally rinsing in either 
alcohol or acetone. 

EXPERIMENTAL PROCEDURE 

At the conclusion of the 4-hr. bakeout at 250°C at atmospheric 
pressure, the sample is transferred to the vacuum chamber. The 
chamber is bolted down and rough pumping started as soon as pos¬ 
sible, usually within 10 min. After 45 minutes the system pressure 
is below ln/m2 (10~2 Torr) and the ion pump is started. Almost 
instantly the pressure is reduced to the 10"5 n/m2 (10 7 Torr) range 
and bakeout of the system is started. Under normal conditions the 
system will reach the peak temperature of 250°C within 2 hr. and 
the system is held at that temperature for 10 hr. During the bakeout 
period the system pressure is not allowed to rise above 1.1x10 3 
n/m2 (9xl0“6 Torr). At the end of the bakeout, the chamber is 
allowed to cool to near ambient temperature. Liquid nitrogen is then 
fed into the lower chamber and the titanium sublimation pump 
used as needed to achieve the desired vacuum level. 

This general pump down and bakeout routine is naturally 
varied somewhat as the system will not react in the same manner 
to the gas load of all samples. Of particular interest is the reaction 
of the system when a sample of pumice is baked out. This will be 
discussed in detail below. A typical pump curve of pressure as a 
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function of time is shown in Figure 5 (when the chamber is empty 
and when it contains a sample). With the sample and chamber at 
the desired vacuum, the drum is started to rotate at 1 rpm. This 
rotation is continued until 100 per cent adhesion occurs or for 24 
hr. 

RESULTS AND DISCUSSION 

Seven tests have been completed to date and are summarized 
in Table 2. These tests were made on basalt, pumice, glass spheres 
and crushed glass. 

Tests 1 through 3 on basalt in increasing sizes of 10 to 20, 
20 to 37, and 37 to 62^ behaved similarly when tumbled in an 
ultrahigh vacuum. In each case the amount of material was 180g by 
weight and adhesion began immediately with rotation of the drum. 
In tests No. 1 and 2 the pressure differed by almost a decade from 
2.3 x 1 O'9 n/m2 (1.7 x 10 11 Torr) to 2.9 x 10 10 n/m2 (2.2 x 10 12 
Torr), but the time for 100 per cent adhesion to occur was the 
same. One would expect the higher the vacuum, the quicker the 
adhesion would occur; however at this level of vacuum and short 
time involved, the results are not surprising. In test No. 3 the 
sample of basalt was rotated for 12 hr. at atmospheric pressure and 
resulted in no adhesion. The same sample rotated at a vacuum of 
1.3 x 10 7 n/m2 (1 x 10 9 Torr) and resulted in 100 per cent adhesion 

FIGURE 5. Pumpdown curve for ultrahigh vacuum system 
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after 30 min. Figure 6 shows the material from test No. 2 stuck to 
the top of the drum 10 min. after the sample was released to atmos¬ 
pheric pressure. Approximately 50 per cent of the material has been 
released. 

Test No. 4 on pumice 20 to 62^ resulted in very little adhesion 
after 24 hr. Unlike the other materials tested in this program, the 
pumice was a source of an extremely high gas load for the vacuum 
pump. The bakeout unit of the vacuum system is designed so that 

TABLE 2. Adhesion experiments with simulated lunar materials in vacuum. 

Test 
No. Sample Size Wt. 

(u) (g) 

Time for 
100% 

Pressure Adhesion 
(Torr) (min) 

Remarks 

1 Basalt 10 to 20 180 1.7 x 10 ii 15 Adhesion began immedi¬ 
ately and at end of time 
period 100% of the ma¬ 
terial adhered. 

2 Basalt 20 to 37 180 2.2 x 10*12 15 
O 
o Basalt 37 to 62 180 ATM — No adhesion after 12 

hr. rotation 

1 i 10*9 30 100% adhesion 
2.5 x 10-ic 

4 Pumice 20 to 62 180 2.5 x 10-9 — Sample outgassing limit¬ 
ed. The drum was rotated 
at an increasing rate and 
resulted in an increase in 
pressure. Approximately 

20% of the sample ad- 
hered. 

4.5 x 10 11 The drum was rotated at 
5 Pumice 20 to 62 180 2.4 x 10-9 various rates with similar 

results as in test No. 4. 

6 Crsh’d 20 to 37 180 2 x 1012 _ The adhesion of the ma- 
glass terial began immediately. 

After 30 min. 99% ad¬ 
hered. No increase after 
24 hrs. 

/ Glass 20 to 37 180 10 u — Approximately 30% ad- 
spheres hered after 24 hr. 

a pressure can be selected and the heaters will be turned off when 
the system pressure rises to this point. As stated above, this value 
is normally set at 1.1 x 10 3 n/m2 (9 x 10 6 Torr). During the bake¬ 
out on the pumice when the temperature of the system would rise 
to approximately 200°C, the pressure rise would turn the bakeout 
heaters off. The pumps would not recover again until the system 
temperature dropped to approximately 140°C. This cycle continued 
for 16 hours without any improvement in system pressure. 

There was reasonable evidence that the large gas load was 
largely water vapor. It was decided to bake the system at a higher 
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pressure with the ion pump off and the system open to the sorption 
pumps. The sorption pumps consist of liquid nitrogen chilled 
zeolite absorbent and will pump water vapor at a much faster rate 
than the ion pump. Sufficent sorption pumps were used to hold the 
system pressure to 3.9 n/m2 (30 microns) while baking the system 
at 250 C. The system was baked for 4 hr. at this temperature. 

The ion pump was started and the system allowed to cool to 
40 C at which time the pressure was in the 10 8 n/m2 (10"10 Torr) 
range. Bakeout was started on the system and this time the heaters 
cycled 1 between 220 C and 140 C which was an improvement of 
20 C on the maximum temperature. This cycle continued for 8 hr. 
before the bakeout was discontinued and the chamber allowed to 
cool. 

The drum was started to rotate at 4 rpm with the system at room 
temperature and the pressure 1.1 x 10 8 n/m2 (8 x 10 11 Torr). The 
pressure rose to 6.6 x 10 8 u m2 (5 x 10 10 Torr) as the drum was 
rotated and did not recover. During the tests on all other samples 
there would be a pressure rise of approximately 0.3 of a decade 
initially when the drum started but would recover to the initial 
pressure. After 15 min. of rotation, it was obvious that the sample 
was still contaminated and no sticking was observed. The rotation 

O 

rate of the drum was increased to 20 rpm. With this increase in 
rotation speed, the pressure rose to 2.0 x 10 7 n/m2 (1.5 x 10 9 Torr). 
The drum continued to rotate at this rate for 7 hr. and resulted in a 
slight amount of adhesion in the corners between the slats and the 
drum wall. 

In an attempt to clean the sample, the system was again baked 
at a high pressure using the sorption pumps to remove gas. This 
time the system pressure was held at 1.3 n/m2 (10/x) and the system 
baked at 250°C for 2 hours. The ion pump was started and the 
system was then baked at 250 C for 10 hr. at a pressure below 6.6 x 
Ur3 n/m2 (5 x 10 5 Torr). 

The system was allowed to cool and the drum was started to 
rotate at 20 rpm with the pressure at 3.3 x 10 8 n/m2 (2.5 x 10 10 
Torr). The drum was rotated at this rate for 24 hr. resulting in 
similar adhesion as had been observed earlier. The rotation rate of 
the drum was increased to 3.3xl0-7 n/m2 (2.5 x K/9 Torr). After 3 
hr. and no change in the amount of adhered material, the rotation 
rate of the drum was increased to 108 rpm. The pressure did not 
rise any higher with this increase in rotation rate and after 8 hr. 
the amount of material adhered to the drum had increased slightly 
but the amount adhered was still less than 20 per cent. The test 
was terminated at this point. 
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FIGURE 6. Basalt (20 to 37 u) adhered to drum 10 min after release to atmospheric 
pressure 

The sample in Test No. 5 was identical to the one in Test No. 4; 
however, the pump down and bakeout routine was modified in an 
attempt to clean the pumice better. The sample was placed in 
the drum and baked in the oven at 225°C for 17 hr prior to placing 
in vacuum chamber. The vacuum system was rough pumped and 
the ion pump started. The system was pumped to 2.6 x 10 5 n m2 
(2 x 10 7 Ton ) and bakeout started. When the system temperature 
rose to 225 °C, the system pressure rose, causing the ion pump to 
turn off. The sorption pumps were opened and the system baked 
at a pressure below 1.9 n/m2 (15/x) for 18 hr. During this bakeout 
the temperature controller malfunctioned and the system baked at 
270 C. The ion pump was started and the bakeout started again. 
The system was baked for another 18 In' with the ion pump on the 
system pressure in the 10"4 n/m2 (10 Torr) range. 

The system was allowed to cool to room temperature at which 
time the pressure was 6.7 x 10’9 n m2 (4.5 x 10 11 Torr). The drum 
was started to rotate at 24 rpm and the pressure immediately rose 
to 3.1 x 10 7 n/m2 (2.4 x 10 9 Torr.) The drum was rotated for 4.5 
hr. and resulted in approximately 5 per cent of the material adher¬ 
ing. The system was left pumping for the next 64 hr. at which time 
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the pressure had recovered to 1.9 x 10 8 n/m2 (1.5 x 10 10 Torr). 
The drum was rotated at various speeds for 7 hr. and resulted in 
approximately 20 percent of the material adhering. 

The sample in Test No. 6 consisted of 180 g of crushed glass 
20 to 37 /J- in size. The system was baked at 250°C for 8 hr. The 
system cooled to room temperature at which time the pressure was 
2.6 x 10 10 n/m2 (2 x 10 12 Torr). The drum was started to rotate 
at 1 rpm. After 5 min. approximately 75 per cent of the material had 
adhered to the drum. After 30 min. approximately 99 per cent of 
the material had adhered. The rotation was continued for 24 hr. 
with no further increase in the amount of material adhering. 

In Test No. 7, the sample was 180 g of glass spheres 20 to 37 \i 
in diameter. The system was baked as in the preceding test and 
allowed to cool to room temperature. The system was started 
to rotate. The drum was rotated for 24 hr. and resulted in approxi¬ 
mately 30 per cent of the material adhering to the drum. The build¬ 
up of material began as the drum was started and continued for the 
first 10 hr. of the test. 

SUMMARY AND CONCLUSIONS 

These tests indicate that granular materials will adhere in an 
ultrahigh vacuum to materials of identical composition as well as to 
materials of differing composition. The program has not progressed 
to the phase where the adhesive forces can be defined or the mag¬ 
nitude of these forces determined. As mentioned earlier, other 
workers have observed the adhesion of particles in vacuum under 
varying conditions and have thus far been unable to adequately 
define the forces. The adhesion cauld be caused by cold welding, 
electrostatic or Van der Walls forces. 

The problem of contamination of the samples when prepared 
in atmosphere and then put into the vacuum chamber in bulk 
quantities has been recognized and discussed in the literature. 
It was believed that the process of tumbling the material in the 
ultrahigh vacuum and thereby exposing the individual grains to the 
vacuum environment would greatly expedite the cleaning of particle 
surfaces. 

The basalt and glass samples were cleaned of surface gases to 
the extent that the ultimate vacuum was not affected by the 
motion of these particles. Also, the individual grains were suffi¬ 
ciently clean to allow a rather thick layer of particles to build up 
by adhesion. The pumice, however, unlike the basalt and glass 
samples, provided a very heavy gas load for the vacuum system. 
In the two tests performed with pumice, the sample remained highly 
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contaminated as evidenced bv the pressure rise at each movement 
of the particles. 

The degree of roughness of the particles greatly influences the 
strength of the adhered material. The more angular the particles, 
the higher the contact area and the stronger the adhesion. This 
effect was well demonstrated in the tests with glass spheres and 
crushed glass. The only difference in the two samples was their 
surface geometry. Ninety-eight per cent of the highly angular 
crushed glass adhered to the drum and to itself within 30 min. 
while only 20 per cent of the glass spheres adhered in 24 hr. 

In summary, these tests indicate that the behavior of granular 
materials in an ultrahigh vacuum environment is greatly different 
from their behavior under ambient conditions. Materials whose 
surfaces can be adequately cleaned of the gas layers will adhere 
to a variety of different materials. The strength of this adhesion is 
definitely a function of the grain roundness. Particles which pro¬ 
vide a high gas source have very weak adhesive forces. 
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Scliottkv Emission In AL03 Films 

William D. Foster 

Department of Physics 

Auburn University, Auburn, Alabama 

INTRODUCTION 

The current-voltage characteristics of metal-oxide-metal layered 
structures have received a great deal of experimental and theore¬ 
tical investigation. The complex parameters involved (sample pre¬ 
paration, geometry, oxide thickness electrode material, etc.) stimu¬ 
late a wide variety of interesting problems. One of the most basic 
questions concerning these devices is the transport mechanism of 
electrons across the oxide barrier. Emtage and Tantraporn (2) have 
shown that Schottky emission is an operative phenomenon for thick 
films. Hartman and Chivian (5) and Stratton (11) have shown that 
the quantum mechanical process of tunneling becomes an important 
mechanism for thin films (oxide thickness less than 50 angstroms). 
The purpose of this work was to deduce the transport mechanism in 
thick AbO* films prepared by thermal oxidation of a bulk metal 
substrate. 

MATERIALS AND METHODS 

A bulk specimen was polished to produce a smooth clean sur¬ 
face. An oxide film was thermally grown on this surface by placing 
the substrate in a partial vacuum (20-50/a) directly over a tungsten 
filament and then passing current through the filament. The oxide 
film was allowed to grow until color fringes were clearly obser¬ 
ved over the entire substrate (Samples No. 3 and No. 4). Next, 
the counter-electrodes were evaporated in a conventional vacuum 
system (less than 5/a) using 99.999 per cent pure aluminum. Ad¬ 
ditional samples were prepared by oxidation in air at room tempe¬ 
rature (Sample No. 1) and at 278°C (Sample No. 2). 

The circuit employed to obtain current-voltage data was similar 
to that utilized by Hickmott (6, 7) and by Fisher and Giaever (3). 
Temperature dependence data were obtained through the use of an 
electric furnace. 

RESULTS 

The experimental results are presented graphically in Figures 
1 through 7. In general, the results may be stated as follows: Fol¬ 
low voltages, conduction was predominantly ohmic, whereas at 
higher voltages (tenths of a volt or greater), an exponential be¬ 
havior was observed. 
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FIGURE 1. Current-voltage characteristics for Sample No. 1 at room temperature 
in the low voltage range. 

The linear relationship between current and voltage for small 
voltages, in accordance with Ohm’s law, is clearly indicated in 
Figure l.No hysteresis effects were observed in this low voltage 
range. 

The exponential dependence of current on voltage is demonstra¬ 
ted in Figures 2, 3, and 4. A replot of these data according to logT 
versus V1/2 is shown in Figures 5 and 6. Note the reasonably good 
straight line obtained. Replots of these data according to I versus 
V2 and loge l versus V did not give acceptable straight lines. These 
results suggest that the currents are Schottky-emission-limited rather 
than space charge limited. 

FIGURE 2. Current-voltage characteristics for Sample No. 3 at room temperature 

in the high voltage range. 
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FIGURE 3. Current-voltage characteristics for Sample No. 4 at room temperature 
in the high voltage range with parent metal positive. 

Marked hysteresis effects occurred as the voltage was increased 
from zero to several volts (2.4 being the maximum value), and 
then decreased again (Figs. 3 and 4). Currents up to 200 ma were 
observed. The current value for a given voltage was greater on the 
decreasing portion of the voltage cycle than the value obtained at 
the same voltage on the increasing portion. The log, I versus V 
dependence was again observed (Fig. 6). The pronounced rectifi- 

FIGURE 4. Current-voltage characteristics for Sample No. 4 at room temperature 
in the high voltage range with parent metal negative. 
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FIGURE 5. Replot of current-voltage data for Sample No. 3 according to logeI 

versus V!/2. 

cation observed, the greater current occurring with the parent metal 
negative, is illustrated in Figures 3 and 4. For example, the current 
at 2 volts on the increasing portion of the cycle for Sample No. 4 
with the parent metal positive was 21 ma (Fig. 5) whereas the 
current at the corresponding voltage with the opposite polarity was 
200 ma (Fig. 6). 

DISCUSSION 

According to the Schottky equation (1, 2, 4, 10) 

J = AT-exp [-((b-c VeE)]/kT .. _ (1) 

a plot of log,4 versus square root of the voltage should yield a 
straight line. Such plots are shown in Figures 5 and 6. The straight 
line fit is reasonably good, although some scatter is present. An ad¬ 
ditional check may be made by noting that the temperature de- 
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FIGURE 6. Replot of current-voltage data for Sample No. 4 according to log(,I 
versus V1/2. 

pendence (2) of Schottkv emission is such that a plot of log>. (I T2) 
versus 1/T will also yield a straight line. Such a plot is shown in 
Figure 7. Again the fit is reasonably good. These data strongly 
support the conclusion that the dominating current mechanism is 
Schottkv emission over the oxide barrier. 

The Schottky barrier is believed to have a greater height at the 
counter-electrode oxide interface than at the parent metal-oxide 
interface. This asymmetry would account for the rectification ob¬ 
served, and would predict the correct polarity dependence. Such 
an effect could be due to the presence of a semiconducting region 
(2, 3, 9) which bends the empty conduction band of the oxide 
at the parent metal, thereby reducing the height of the Schottkv 
barrier (4). 

The most difficult observation in this work to account for is the 
hysteresis. This phenomenon has also been reported by Meyerhoffer 
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FIGURE 7. Temperature dependence of current for Sample No. 4 at constant 
voltage (1.8 volts). 

and Ochs for BeO films (8). A possible explanation is that rather 
than a uniform current distribution across the film there exist paths 
of easy conduction. These paths achieve high temperatures relative 
to the average temperature of the oxide. These temperatures would 
be sufficient to enhance diffusion of space charge into the con¬ 
ducting paths, so that some hysteresis would be introduced into the 
current-voltage characteristics. 
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Electronic Absorption Spectra Of Tire 

Cyclodiazometbanes 

James A. Merritt 
U.S. Army Missile Command, Redstone Arsenal, Alabama 

Cyclodiazomethane is a small cyclic molecule having three atoms 
in the ring and containing a double bond. We were interested in 
investigating the rovibronic spectrum of such a molecule to de¬ 
termine how the bond angles and bond distances change when in 
the ring configuration. Figure 1 illustrates the Civ symmetry of the 
molecule. The C2 axis is the A axis; the N=N bond is parallel to 
the B axis, and the CII group is in the A C plane. The parameters 
are from the microwave spectrum of Pierce and Dobyns (3). From 
these data the asymmetric constant 17 is -0.428. Thus, the molecule 
is strongly asymmetric. Figure 2 illustrates the vibrational modes 
(schematic) of the molecide. 

The fundamental vibrations allowed by vibronic selection rules 
in the cyelodiazomethanes are in the Ai species in n-cyclodiazo- 

FIGURE 1. The cyclodiazomethane molecule showing the selection of the axis, 
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H STRETCHING H DEFORMATION C-N STRETCH 

N V4 

RING DEFORMATION 

TORSIONAL OSCILLATION CN2 ROCK AGAINST 

REST OF MOLECULE 

ANTISYMMETRIC 
H STRETCHING 

ROCK OF CH2 AGAINST 

REST OF MOLECULE 

ANTISYMMETRIC 

C-N STRETCH 

v5 >v6 . v9 CANNOT BE CLEARLY 

LOCALIZED AS CAN THE OTHERS 

THE CN, N2 PLANE IS IN THE X-Z PLANE 
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THE LEFT. 
THE CH, H2 PLANE IS IN THE Y-Z PLANE 

PLUS (+) IS TO THE LEFT AND MINUS (-) 

TO THE RIGHT 

SCHEMATIC OF THE FUNDAMENTAL VIBRATIONS 

FIGURE 2. The normal vibrational inodes of cyclodiazomethane (schematic). 

methane, and ds-cyclodiazomethane (Chv symmetry), the A’ 
(Ai,Bj) species in di-cyelodiazomethane (Cs symmetry), the A’ 
(Ai,Bi) species in Ni15-cyclodiazomethane (Cs symmetry), and 
combinations. 

The 0-0 bands appear at 30970 cm-1, 30976 cm1, 31061 cm1, and 
31015 cm-1 for n-cyclodiazomethane, N15-cyclodiazomethane, di- 
cyclodiazomethane, and di-cyclodiazomethane respectively. 

The strongest progression in the four spectra (Figure 3) is the 
v* (symmetric CN stretch). This agrees with the photoisomeriza¬ 
tion studies of Bell and Amrich (1). They found that the CN bond 
breaks to give CFL and Nh in the primary photolysis process. The 
spectra are very diffuse and no rotational analysis was attempted. 

The fundamental frequencies are listed in Table I. 
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C H jN j 

CO-jNj 

B 

FIGURE 3. Spectra of the cyclodiazomethanes. Pathlength: a. 24 meters, h. 12 
meters, e. 8 meters, and d. 4 meters. 

TABLE 1. Fundamental frequencies of the cyclodiazometh anes ( v vac.; cm1) 

First Second 
Mode I.R.a electronic system** electronic system1* 

v' V v” V 

CLLNb V- 1458 1463 1391 
v. 991 991 791 985 845 

1626 1606 1488 1473 
CFbN14N15 V2 1383 

V. 987 785 980 835 
Vi 1594 1474 1465 
Vi 592 

CHDNa V- 1342 1284 
V 998 995 784 993 840 
Vi 1613 1615 1475 1469 
Vo 916 915 883 

CD2Ni V2 1085 1085 
Vi 965 965 782 975 845 
Vi 1609 1611 1469 1470 

a Citation (2) 
b This work 
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FIGURE 4. Cyclodiazomethane spectrum recorded at (a) 125°C, (b) 25°C. Asterisks 

denote bands belonging to the second electronic system. 

Most of the bands fall into a rather straight forward pattern. 
However, the strong band at 31187 cm 1 in n-cyclodiazomethane 
was the most prominent exception to a simple analysis. A tempera¬ 
ture study (Figure 4) disproved the band to be a 1-1 band. Also 
the band contour (Figure 5) is different from the 0-0 band (Figure 
6). 

The analysis does, however, yield itself to a second electronic 
system with the band at 31187 cm"1 being the 0-0 band of the 
second system. This system is denoted by broken lines in Figure 3. 

The two electronic systems are observed separated by 220 cm 
It is suggested that this results from a splitting of the degeneracy of 
the two lone pair nitrogen electron orbitals. This studv is the first 
reported experimental evidence for such a splitting. 
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FIGURE 5. 0-0 band contours of the second electronic system of the cyclodiazome- 
thanes. a. n-cyclodiazomethane, b. di-eyelodiazomethane, and c. ch-cyclodiazome- 
thane. 

FIGURE 6. 0-0 band contours of first electronic system of the cyclodiazomethanes. 
a. n-cyclodiazomethane, b. d ,-cyclodiazomethane, e. d.,-cyclodiazomethane. 
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I lie Upper Clift Coal Beds On Nortlieast 

Sand Mountain 

Reynold Q. Shotts 
School of Mines 

University of Alabama 

The Upper Cliff coal beds in Lookout Mountain have been rather 
fully described by Coulter (4) and Culbertson (3). The beds were 
named and described by McCallie (9) from occurrences on Lookout 
Mountain, Georgia. Neither McCallie (9), in Georgia, or McCalley 
(10), in Alabama, seem to have recognized the presence of these 
beds on Sand Mountain. The latter author recognized two coals be- 
tween the conglomerates, but did not name the one directly under the 
upper conglomerate (Upper Cliff No. 1) and termed the one 0-9 
ft below the upper coal the “Sewanee.” He did the same in his 
description of the section at Ft. Payne C & I Co. Mines, SE-1/! of 
of NE-1^, Sec. 23, T9S, R9E, where again the beds are close to¬ 
gether. These two beds apparently are Upper Cliff No. 1 and No. 
2 and, if so, McCalley missed the Underwood bed entirely. If Mc¬ 
Calley correctly identified Ft. Payne C & I Co. Mines, they are 
located several miles south of the area investigated by the Bureau 
of Mines (4). 

Unfortunately, Sand Mountain has not been studied nearly as 
intensively as has Lookout Mountain. Except for some studies from 
the literature and general field observations pertaining to bed cor¬ 
relations by the author (11, 12, 13), little has been written on north¬ 
east Alabama coal since the work of Hayes (6) and McCalley (10) 
in the previous century. Butts (1) mapped part of Sand Mountain as 
is shown in the Birmingham Folio and rejected Hayes' nomenclature 
of Lookout and Walden formations for that area. 

In the summer of 1964 the author had an opportunity to work 
intensively in the Fabius-Flat Rock area on Sand Mountain and 
to take a less detailed look at much of the mountain. The presence 
of both the upper and lower conglomerates was evident, and out¬ 
crops of four coal beds were found between the conglomerates. 
It soon became evident that if the two conglomerates on the two 
mountains are the same, the lower and thicker coal bed in the 
Fabius-Flat Rock area correlates with the Underwood bed of Look¬ 
out Mountain, and the upper three occupy the position of the Upper 
Cliff beds (14). Study of sections present at Lookout Mountain (3, 
4); the section at Lookout and Sand Mountains, Georgia (Johnson, 
1946 as modified by Culbertson, 1962); and in Tennessee (16), and 
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FIGURE 1. Map showing the location of outcrops of one or more Upper Cliff 
coalbeds and of drill holes cutting them. 

of Sand Mountain (14) suggests that the stratigraphic interval con¬ 
taining the Upper Cliff coal beds is equivalent to the Signal Point 
shale of Tennessee (15). 

Stratigraphy. Although the Underwood coal in Jackson County 
apparently is restricted to the east side of Sand Mountain (15), the 
thin Upper Cliff stratigraphic unit is persistent and widespread. 
It consists of shale and sandy shale where best developed, with a 
few sandstone beds. In the Bridgeport quadrangle it become coar¬ 
ser and more sandy toward the north, and in Dade County, Georgia, 
and the Sulfa Springs quadrangle, Alabama, the unit also appears 
to coarsen in many places toward the east and southeast, especially 
in its lower part. 

Denson (5) said, regarding the strata on Lookout Mountain, 
“Approximately 120 feet of sandstone, shales and conglomerate 
separate the Sewanee and the Upper Cliff No. 1 or third seam 
(from top). The Upper Cliff No. 1 seam is below a persistent unit 
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of conglomerate and conglomeratic sandstone - - - - .The Upper 
Cliff No. 1 has been mined more extensively in this area than any 
of the others. The greatest thickness is apparently 9 inches. The 
roof generally is conglomerate but in places is shale. The floor is 
siltstone.-Approximately 30 feet of shale and siltstone separate 
the Upper Cliff No. 1 from the Upper Cliff No. 2 or fourth seam 
which has a maximum thickness of 28 inches. The roof and floor are 
shale.-Approximately 100 feet of sandstones and shales separate 
the Upper Cliff No. 2 from the Underwood or fifth seam - - - . 
Culbertson (3) gave a description of the rocks as reported by N.M. 
Denson and R. K. Hose, as follows: 

"The most readily identifiable unit is the conglomerate and 
conglomeratic sandstone (upper conglomerate), which averages 
about 60 feet thick but reaches a maximum thickness of about 
150 feet. It is characteristically a sugary, coarse grained sandstone 
containing numerous well-rounded milky-white quartz pebbles 
averaging Iq inch in diameter. At most places it is in massive beds 
averaging 10 to 15 feet in thickness, but at few localities it occurs 
in beds 5 to 12 inches thick. Beds of dark-brown, fine grained 
quartzite and dark-gray shale occur locally in the conglomerate but 
are not common and normally less than 7 feet thick. In most places 
a zone 6 inches to 10 feet thick at or near the base of the conglo¬ 
merate contains numerous angular shale inclusions. This zone 
normally weathers to a conspicious vesicular rock that is very 
useful in locating the approximate geographic position of under¬ 
lying Upper Cliff No. 1 coal bed. 

Sandstone units as much as 130 feet thick separated by shale 
units ranging from 10 to 50 feet thick comprise the main part of the 
formation between the upper and lower conglomerates. Through¬ 
out most of the area this series displays a multiplicity of lateral and 
verticle variations, and stratigraphic markers of regional value do 
not occur. The beds have a maximum thickness of about 250 feet 
in the northeastern part of the area, and a minimum thickness of 
less than 100 feet at places along the west side.” 

These descriptions can apply equally as well to the correspond¬ 
ing stratigraphic units on Sand Mountain except that all thicknesses 
are considerably less in the latter area. The Upper cliff coal beds are 
never thicker than 14 in. and the shales are more likely to be grav 
or black on Sand Mountain than elsewhere. The Underwood bed, 
in the Fabius-Flat Rock area, appears to lie just above the top of the 
lower conglomerate (14), with the finer textured Upper Cliff strati 
graphic interval situated above the coal bed. The upper eon- 
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FIGURE 2. Southwest-northeast crosssection of Upper Cliff Strata, A-A’. 

FIGURE 3. North-south crossection of Upper Cliff strata, B-B 
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glomerate, south of the Bridgeport quadrangle, is from 40 to 140 

ft above the Underwood coal bed (15). The Upper Cliff strati¬ 

graphic interval is 25 to 125 ft thick, the upper conglomerate being 
generally farther above the Underwood bed in response to thicken¬ 
ing of the sandstone and conglomerates of the upper split of the 
lower conglomerate. 

Figure 1 shows the 50 localities where one or more Upper Cliff 
coal beds were observed in outcrops and the 30 localities where 
they are encountered in drill holes. It is evident that occurrences 
are common in the Stevenson and Flat Rock quadrangles, the 
northern part of the Henegar, and in the southern part of the Tren¬ 
ton quadrangle. One locality on the eastern edge of the mountain 
is shown. The numbers correspond to those of Tables 1 and 2 
which describe the localities, identify the three Upper Cliff beds, 
and give their thickness and elevation. 

O 

Figure 2 shows a section from Warren Smith Hill northeastward 
to Davis High School, Dade County, Georgia, near the eastern edge 
of Sand Mountain. It illustrates the rather wide range in thickness 
of the Upper Cliff interval in this direction. It also illustrates the 
irregular, lenticular, nature of the coal beds within the interval. 

Section B-B’, southward from Warren Smith Hill and southeast¬ 
ward from the northeast corner of the Henegar quadrangle, is 
shown in Figure 3. In this section the thickness of the Upper Cliff 
interval is much more uniform and the coal beds, although very 
thin,, are apparently more persistent. 

The general distribution of outcrop areas is shown in Figure 4. 
The areas are probably a little more accurately mapped south and 
east of the dotted Underwood bed cut-off line (see also Figure 6) 
because the interval actually measured in the field, north and west 
of the line, was from the Underwood coal bed to the bottom of the 
upper conglomerate. In preparing Figure 4, the thickness of the 
part of the lower conglomerate above the coal bed had to be esti¬ 
mated from only a few available points and subtracted from the 
measured interval. The map suggests that the upper conglomerate 
and higher strata ocupy most of the surface of the Henegar and 
Ider quadrangles. 

Structure. Structural contours drawn on the base of the upper 
conglomerate (Upper Cliff No. 1 horizon) and shown in Figure 5, 
indicate a synclinal condition southward across the Trenton, Flat 
Rock and Henegar quadrangles. A similar map on the top of the 
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TABLE 1. Location, thickness, bed number and approximate elevation of upper 
cliff coal bed outcrops seen in the field. 

No. Location Sec. T, B Quad Bed 
No. 

Coal 
Bed 

Thick¬ 
ness 
(in.) 

Elev. 
(ft) 

1. E. Ditch, Ga. Hwv 301—75 yd. 
Davis 11. S. & 1 mi. NW White 
Oak Gap 

- Shell i 9 1580 

9 Ga. Hwy 301, 1.4 E. Ala.-Ga. 
line 

- Shell 2(?) 6 1525 

3. Paved rural rd. (Ga.)—1 mi. SE, 
Ala. line, 0.8 mi. NW BM JEB 
49 and 2.0 mi. NE Floral Crest 

Shell 2 3-% 1535 

4. Paved rural rd. (Ga.), 0.5 mi. 
NE Ala. line and 1.2 mi. NE 
Floral Crest 

Shell 2 10 1550 

5. 300’ E. Williams Spring Br. and 
0.1 mi. W. Ga. line, SE-14 of 
NW-14 

9 2,10 Shell 2 11 1520 

6. N. ditch, Ala. Hwy 71, 0.3 mi. 
W. Ga. line, SW-14 of NW-14 

16 2,10 Tre 3 13 1380 

7. N. ditch, Ala. IIwv 71, 600’ W. 
Loc. 6, SE-14 of NW-14 

16 2,10 Tre 2 11 1410 

8. N. ditch, Ala. Hwv 71, & 400’ 
E. Williams Spring. Br. 

17 2,10 Tie 3 13 1375 

9. Ala. Hwy 71, 800’ W. Loc. 8 
& 400' W. Williams Spring Br., 
near Center of Sec. 

17 2,10 Tre 3 10 1375 

10. On unpaved rd., 0.3 mi. S. of 
Ala. 71, and 1.0 mi. S. Floral 
Crest, SW cor., NE-14 of SW- 
14 
50 yd. E. Ala. Hwy 73, in deep 
gulley, SW cor. NE-liof NW- 
14 
S. ditch, paved farm rd, 0.3 mi. 
W. Ala. 73, line between SE- 
14 of NE-14 & NE-14 of NE- 
14 

16 2,10 Tre 1 5 1445 

11. 17 2,10 Tre 2 4 1415 

12. 18 2,10 Tre 2 13 1410 

13. W. Ditch Ala. Ilwy 71, 0.4 mi. 
NE Mt. Olive Sch., SE-14 of 
NE-14 

19 2,10 Tre 2 8 1395 

14. W. ditch, paved rd., 1.5 mi. SW 
Miller Creek Bridge, SE cor., 
NW-14 of SE-14 

31 2,10 Tre i 6 1450 

15. W. ditch, paved farm rd., SE-14 
of NE-14 near Sec. line 

36 2,9 FR 2 9 1495 

16. 300 yd. E. 90° curve paved 
rural rd., NE-14, NE-14, NE-14 

13 3,9 FR l(?) 3 1500 

17. S. ditch, dirt rd., 300 yd W. 
paved rd. on line between Sec. 
11 & 14, SW-14 of SE-14 

11 3,9 FR 1 1 1490 

18. In abandoned rd., E. paved rd., 
NE-14 of NE-14 

14 3,9 FR 2(?) 13 1475 

19. W. cut., Ala. Hwy 71, near top 
of bill, SW cor., SW-14 of NW 
14 

10 3,9 FR 1 14 1485 

20. Near center, Sec. 20, N. side 
Ala. 71 

20 3,9 FR 2(?)Split Bed 1390 

21. E. cut., .Via. 117 6’ under UCg, 
NW cor. SE-14 of NE-14 

7 3,9 FR 1 10 1380 



Upper Cliff Coal Beds 149 

Xo. Location Sec. T, R Quad 
Bed 
No. 

Coal 
Bed 

Thick¬ 
ness 
(in.) 

Elev. 
(ft) 

00 Fe-O:, zone, possibly coal bed, 
unpaved rd. on line. Sec. 34&35 

34 3,9 FR 2(?) 18 1430 

23. Fe2Oa zone, possibly coal bed, 
0.05 mi. E, 90° curve, unpaved 
rd., SW-1,4 of NW-% 

18 2,10 FR 3(?) 24 1375 

24. Dirt rd., 0.1 mi. SW BM Mon 
3, SE-44, NW-14, Fe;i02, possi¬ 
bly coal bed 

26 3,9 FR 2(?) 24 1450 

25. Warren Smith Hill, SW-14 of 
SW-14 

1 3,8 Ste 1 14 1400 

26. Same loc. as No. 21 1 3,8 Ste 2 6 1394 
27. Same loc. as No. 21 1 3,8 Ste 3 9 1384 
28. W. ditch, unpaved co. rd., NW- 

% of SW-W 
23 3,8 Ste 1 4-% 1440 

29. W. ditch, dirt rd, N-f^of NW-14 
of SW-14 

1 3,8 Ste 2 6-% 1395 

30. Same loc as Loc. 29 1 3,8 Ste 3 l-% 1388 
31. Paved co. rd., 0.95 mi. NE Pil¬ 

grim’s Home Church, SE-14 of 
NE-24 

25 3,9 Ider 1 9 1570 

32. W. ditch, Ala. 117, near Mt. 
Home Ch., near center, NE-1^. 

1 5,9 Ider 2 4 1470 

rt o 
OO. Same as Loc. 32 1 5,9 Ider 3 7 1450 
24. W. ditch, sec. line rd., & 1.4 mi. 

NE Rosalie, NE-^A of SE-’A 
2 4,8 Hen 1 9 1415 

35. Same as Loc 34 2 4,8 Hen 2 9-% 1410 
36. Same as Loc. 34 3 4,8 Hen 3 8 1395 
•37. 1.9 mi. N. Rosalie, SW-% of 

sev4 
35 3,8 Hen 1 4 1405 

38. Same as Loc. 37 35 3,8 Hen 2 10 1385 
39. W. ditch, Sec. line rd., SE cor., 

NE-1/* of NE-1/* 
3 4,8 Hen T 4 1390 

40. Same as Loc. 39 3 4,8 Hen 2 8-b 1380 
41. Old pit, 0.2 mi. NE Coon Gap, 

NW-y* of SE-1/* 
33 3,8 Hen 3(?) 6-8 1350 

42. NE-y2 of the NE-1/* of NE- 
% 
E. ditch unpaved sec. line rd. 
NE-1/* of NE-14, 3Ami. N„ 
Holland’s Chapel 

6 4,8 Hen 2(?) 4-L 1365 

43. 6 4,8 Hen 1 61 1375 

44. Co. rd. E. side Rorex Br. SE-14 
of SW-IA 

14 4,7 Hy 1 121 1335 

45. Same as Loc. 44 14 4,7 IIv 2 6 2 1300 
46. Same as Loc. 44 14 4,7 Hy 3 61 1290 
47. W. side Rorex Ck., SW^A 15 4,7 Hy 3 3 13-0 
48. 0.05 mi. W. of Loc. 47 15 4,7 Hy 2 124 1320 
49. 0.15 mi. W. of Loc. 47 15 4,7 Hy 3 385 1340 
50. W. ditch, Ala. Hwy 40, Hale 

Gap NE-1/* 
31 4,7 IIv 2(?) 3 1285 

Shell. = Shellmound quadrangle 
Tre.=Trenton quadrangle 
FR = Flat Rock quadrangle 

Ste. = Stevenson quadrangle 
Hy. = Hollywood quadrangle 

BM. = Bench Mark on Topo. Map 
Ucg. = Upper Conglomerate 

(1) Limonite and coal at outcrop 
(2) Limonite at outcrop 
(3) 12 in. White Clav, but no coal seen 
(4) Smut with 4 in. coaly clay under 
(5) Includes 12 in. da) parting, 20 in. 

above bottom 
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TABLE 2. Location, thickness, bed numbe: r and approximate elevati on of upper 
cliff coal beds encountered in drill holes. 

Coal 

No. Location Sec. T, R Quad 
Bed . 
No. 

Bed 
rhick- 

Elev. 
(ft) ness 

(in.) 

1. RDM 23A-60, SW-%, SW-y4, 
NE-14 

10 3,8 Ste. 1 2 Streak; 5 1417 

2. DDH 6-61, NW-14, SW-V4 SE-1/4 10 3,8 Ste. 1 3 1396 
3. Same as Loc. 2 10 3,8 Ste. 2 3 1387 
4. DDH 7-61. NE-14, NW-14, SE- 10 3,8 Ste. 1 8 1412 

% 
5. Same as Loc. 4 10 3,8 Ste. 2 2 1403 
6. RDH 6-61, NW-i/4, NE-Vi, NE- 10 3,8 Ste. 1 9 1400 

i/4 
7. RHD, MI 1-61, SE-i/4, SW-14, 14 3,8 Ste. 3(?) 5 1345 

NW-i/4 
8. RHD NI-61, Sw-14, SW-14, SE- 

1/ 
••> 3,8 Ste. 1 6 1397 

/4 

9. Same as Loc. 8 0 3,8 Ste. 2 l-% 1392 
10. RDH PI-61, NW-i/4, NW-1/4, 12 3,8 Ste. 1 6 1406 

SW-1/4 

11. Same as Loc. 10 12 3,8 Ste. 2 6 1397 
12. Same as Loc. 10 12 3,8 Ste. 3 Streak 1387 
13. RDH R-61, NW-14, NW-14, SW- 

1/ 
1 3,8 Ste. 1 8 1393 

/4 

14. Same as Loc. 13 1 3,8 Ste. 2 1 1389 
15. Same as Loc. 13 1 3,8 Ste. 3 7 1375 
16. DDH C-61, NW-1/4, NW-1/4, 14 3,8 Ste. 1 ? 1391 

SW-1/4 

17. Same as Loc. 16 14 3,8 Ste. 2 8 1380 
18. DDH CI-61, SW-i/4, NE-1/4, 14 3,8 Ste. 1 10 1422 

SE-1/4 

19. Same as Loc. 18 14 3,8 Ste. 2 4 1408 
20. Same as Loc. 19 14 3,8 Ste. 3 2 1393 
21. DDH 103-62, NW-14, SW-1/4, 2 3,8 Ste. 3(?) 6 1423 

NW-14 
22. DDH 106-62, SW-14, NE-14, 0 3,8 Ste. 2(?) 24 1392 

SE-i/4 
23. DDH 107-62, SW-14, NE-14, 2 Ste. Streak 1386 3,8 3(?) 

SE-1/4 

24. DDH 109-62, NE-14, SW-i/4, 2 3,8 Ste. 2 Streaks 1380-34 
SE-1/4 

25. Same as Loc. 24 0 3,8 Ste. 3 2 streaks 1375 
26. RDH XI-61, SE-i/4, SE-14, SE- 

1/ 
8 3,9 FR 2 6 1384 

74 

27. RDH YII-61. NE-14, SW-14, 11 3,9 FR 2 3 1366 
NW-1/4 

28. Same as Location 27 11 3,9 FR 3 10 1361 

29. RDH F15-64, SE-14, SW-14 7 3,9 FR 2 8 1380 
30. Same as Loc. 29 7 3,9 FR 3 7 1370 

FR -Flat Rock quadrangle 
Ste. = Stevenson quadrangle 

DD11=Diamond Drill Hole 
RDII = Rotary Drill Hole 

(1) Limonite and coal at outcrop 
(2) Limonite at outcrop 
(3) 12 in. White Clay, but no coal seen 
(4) Smut with 4 in. coaly clay under 
(5) Includes 12 in. clay parting, 20 in. 

above bottom 
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FIGURE 4. Map showing the areal distribution of Upper Cliff strata. 

lower conglomerate (not shown) shows a similar trend but with 
the synclinal axis a little further west in the Trenton quadrangle. 
Neither pattern exactly fits the structure shown on a small scale 
general structure map by Hayes (6). The 1500-foot and 1550-foot 
contours in the eastern part of the Ider quadrangle are drawn on the 
basis of one outcrop and thus are quite uncertain; the interpretation 
is related to how far southwest the Fox Mountain syncline extends. 
Much additional work must be done in the Henegar and Ider 
quadrangles to locate the position of the synclinal axis and other 
structural features in this area of thick Pennsylvanian strata. 

Figure 6 is an isopachous map of the Upper Cliff interval. It is 
more accurate south and east of the dotted Underwood coal bed 
cut-off line for the reasons outlined in the discussion of Figure 4. 

Over most of the area, measured sections were quite far apart. 
East and south of the Underwood coal bed cut-off line, the thick¬ 
ness of the Upper Cliff interval was more readily determined. 
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FIGURE 5. Map showing structure contours drawn on the bottom of the upper 
conglomerate (Upper Cliff No. I coalbed horizon). 

Economic Value. Unfortunately, there is no indication that any 
of the Upper Cliff coal beds are thick enough to be mined in the 
area shown in Figure 4. They have been strip mined a very short 
distance to the south, on the east side of Sand Mountain in the 
Dugout Valley, Chavies, and Sylvania quadrangles. There are a 
few places where more than one bed may be mined in the same 
area economically, provided the coal quantity is high. Nothing is 
known at present, however, concerning either the rank or quality 
of the Upper Cliff coal beds. 

The most favorable place for mining probably is in secs. 9, 16, 
17 and 18, T2S, R10E (See Figure 2 for stratigraphic section). 
Upper Cliff No. 2 and No. 3 coal beds crop out in an area between 
the slope of the hill east of Floral Crest and the state line. No. 3 
crops out along Williams Spring Branch in Section 17 and north¬ 
ward into Sec. 9, Shellmound quadrangle. Upper Cliff No. 2 is 13 
inches thick east of Alabama Highway 73 in the east part of Sec. 
18. 
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FIGURE 6. Isopaehous map showing the thickness of (I) the strata between the 
Underwood coalbed and the base or the upper conglomerate, west and north of the 
Underwood horizon cut-off line (doited) or (2) the thickness of Upper Cliff strata, 
east and south of that line. 

Another similar area may lie in Secs. 1, 2, 3, T4S, R8E (see 
Figure 3 for stratigraphic section). With coal so thin, rather close 
drilling will be required to prove a mineable area. 
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Continuous Least Squares 

A Method For Approximating A Given Function By A 
Function Of A Different Type Over A Desired Range1 

Jon L. Nevins 
Division of Agricultural Development 

Tennessee Valiev Authority, Muscle Shoals, Alabama 

INTRODUCTION 

Continuous least squares is a method for approximating a given 
continous function with one having a more desirable form, such as 
a line segment or a power function. In continuous least squares 
the objective is “goodness” of fit over a given range. The method 
used is just regular least squares, except that every appropriate 
value of the independent variable is used as data in the regression. 
Thus, continuous least squares is just the continuous limiting case 
of regular least squares. 

Continuous least squares is conceptually rather simple for 
those who have worked with regular least squares. The method 
is appropriate for those who have used regular least squares not 
as a statistical tool but as a means of approximation. When least 
squares regression is used in this way, it is necessary to choose 
certain points on a given function as observations. The question 
arises as to which points and how many points to choose. Perhaps 
the main question is, Can others reproduce the approximation? 
Continuous least squares is an answer to these questions in that all 
points in the designated range are chosen. This method is unique 
and reproducible. 

LEAST SQUARES 

While a familiarity with least squares is assumed, it may be help¬ 
ful to review some of the concepts involved. A set of n observations 
(Xi, Yi) are the given data. Such observations are represented by 
cross marks in Figure 1. The problem is to fit these points with the 
line segment 

Y = a + bX 

shown in Figure 1, where a is the intercept and b the slope. The dis- 

1. This paper is published as a note of general interest. The simplicits ot the 
concept presented suggests that others may well have pursued the same line of 
reasoning. A search of economics and statistics literature, however, yielded no 
published evidence of prior work with this concept. It is possible that tins concept 
may have been explored in the applied mathematics literature. 
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tance from each observation to the line at a particular Xi is called 

the error 

ei = Yi - a - bXi. 

In least squares the problem is to find the value of a and b which 

minimizes the sum of squares of these errors, represented by the 

objective function 

n 
Z = 1 ei2, 

i = 1 

shown at the top of Figure 1. The formulas for a and b may be 

found using the calculus and setting partial derivatives equal to 

zero. It is found that the least squares line passes through the point 

(X, Y) which represents the means of the independent and de¬ 

pendent variables respectively. This fact is shown in Figure 1, 

along with the familiar definitions of the two means. Once the slope 

is known this fact is used to calculate the intercept a. The slope 

formula is shown in Figure 1, and is 

n 
S (Xi - X)Yi 

b^i = 1 

n 

Y (X-X)2 
i = 1 

The formulas for these regression coefficients are well known and 

can be found in most basic statistic texts. 

Least squares is primarily used in statistics where the reason for 

observations not lying on a line can be attributed to independent 

random variation. If the distribution of this random variation is 

also known to follow the normal distribution, a great deal can be 

said about the statistical properties of the least squares estimates. 

It is perhaps many of these properties which have led to the 

historical importance of least squares. Even when some of the 

statistical assumptions are not valid, least squares is still used. This 

may be due to certain large sample properties or perhaps just to 

the relative simplicity of the calculations required. The important 

consideration for this paper is simply that least squares is a well 

known technique of approximation employed by many in research. 

It is on the basis of this alone that the least squares criterion is 
extended to the continuous case. 
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FIGURE 1. 

CONTINUOUS LINEAR LEAST SQUARES 

On occasion, least squares may be used to simplify a given 
function by fitting it with a linear one. For example, the curve 
Y = g(X) in Figure 2 may be approximated by the line segment 
Y = a + bX, over the range Xl to Xu. In such cases, some values 
of Xi are chosen and the corresponding values of Y; are evaluated. 
These observations (Xt,Yi) are then used to calculate the approxi¬ 
mate least squares coefficients a and b. One problem with this 
procedure is the uncertainty of knowing how many and what X s 
to choose. 

Continuous least squares is identical to the above procedure, 
except that every Xi is chosen in the appropriate range instead ol 
choosing just a few. Continuous least squares is merely the limiting 
case of discrete least squares. 
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Recalling that integration is defined by the limit of a sum¬ 
mation, it is readily justified that the continuous least squares 
coefficients a and b are analogous to the corresponding discrete 
coefficients where all summations are replaced by integrations over 
the range Xl to Xu. For purposes of actually deriving the coeffi¬ 
cients, however, it is easier just to minimize the objective function 
consisting of the integration of the squares of errors as indicated at 
the top of Figure 2. 

In the continuous case, as in the discrete case, the approximat¬ 

ing line passes through the point (X, Y) and hence. 

a = Y - b X 

may be used to evaluate the intercept a. The evaluation of the mean 

X is quite simple since it is just the midrange, 

2 

as indicated at the bottom of Figure 2. This relationship may be 
proved by recognizing that the equivalent to sample size n in the 
continuous case is merely the length of the appropriate range. 

n,. = Xr - Xl 

as shown in Figure 2. The mean Y is evaluated using the formula 
at the left of Figure 2, which can be seen to be just the continuous 
mean of Y or g (X). 

The continuous least squares slope coefficient be, shown in 
Figure 2, can be seen to be the same as the discrete slope function 
except that summation signs are replaced by integration signs. The 
evaluation of be is not quite so difficult as it may first appear, since 
as shown in Figure 2 

Xr Xr 

f (X - X) YdX = I' XYdX - ncXY 

Xl Xl 

and 

The difficulty of evaluating continuous least squares coefficients 
thus rests on the difficulty of evaluating the integrals of g(X) and 
Xg(X). In many practical cases, these integrations are not difficult; 

Xu 

r (x-x)mx= 

Xl 

'Xti - Xl' 

12 

no 

12 
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although where more difficult cases arise, it may be possible to use 
numerical integration, especially when a computer is available. 

In discrete least squares the sum of the errors add to zero, which 
is equivalent to saying that the least squares line passes through the 

point (X, Y). This property leads to what is called in statistics, 
unbiasedness. In continued least squares, this same property holds 
and may be given a graphical interpretation. In Figure 2 the 
hatched and crosshatched areas are equal but opposite in sign. In 
continuous linear least squares the sum of the areas between the 
given function and the approximating line is zero. This property 
may also be thought of as unbiasedness in the nonstochastic con¬ 
tinuous case. 

While multiple regression in the discrete case is generally 
much more difficult than simple regression, this is not necessarily 
so in the continuous case. The reason for this is a kind of built-in- 
orthogonality which guarantees that the continuous sums of ad¬ 
justed cross products is zero. Thus, the regression coefficients 
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are essentially the same as the simple regression coefficients 
shown in Figure 2. The only change in the computation formulas 
which is necessary is that instead of single integration signs there 
is one for each of the independent variables, X.t. As a result, nc is 
changed to the product of all the ranges instead of just the single 

range. Except for these changes bj and X.t are calculated as in 
the simple case, using Xj where appropriate. In the multiple case 

Y = a -f- biXi b_'Xi> “T • • • , 

which is used to calculate a. 

AN EXAMPLE OF CONTINUOUS LEAST SQUARES 

Thus far, least squares has been discussed for the linear case. 
The following example illustrates the use of continuous least squares 
when a more general, nonlinear function is used as a fit. The 
example stems from a mathematical model which attempts to 
explain manufacturing and distribution costs of a typical fertilizer 
firm. In the example, the minimum costs of a fertilizer firm per 
ton of product is 

ATC = KX1/3, 

where K is a proportionality factor dependent on the firm’s con¬ 
sumption density, transportation costs, and fixed costs. The varia¬ 
ble X is the concentration or analysis of a given fertilizer in terms 
of actual primary plant food. 

The results of the model indicate that costs per ton are higher 
for higher analysis fertilizers than lower analysis fertilizers. In 
fertilizer costs studies, however, it is not costs per ton which is 
important but cost per unit of actually contained plant food. 

U 
ATC 

X 

K 

X 
2/3 

Thus under the model, cost savings may be possible by emploving 
higher analysis fertilizers. 

In the traditional methodology of fertilizer cost studies, it is 
customary to assume that the cost per ton is the same for both 
high-and low-analysis fertilizers, 

ATC* = a 

and the cost per unit is 

U* 
a 

X ' 

Thus in traditional cost studies, the advantage to high-analysis fer¬ 
tilizers is slightly overstated compared with the model. 
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The need for continuous least squares, or some method of 
approximation, arises in two ways in this example. First, the dim¬ 
ension cost per ton is meaningful to those in the industry, while 
the dimensions of the model are more difficult to comprehend. Thus 
if the results of the model are to be implemented, the results must 
be converted to the more meaningful terms. Second, the linear 
mathematics of fertilizer mix problems require that the per-ton 
dimension be maintained. Thus if the results of the model are to be 
useful, there is no alternative but to use an approximation. 

The approximation is illustrated in Figure 3, assuming the real¬ 
istic case, K = 1. In the Figure, the given curve 

U = X ~2/3 

and the continuous least squares approximation 

$3.68/ton 
U* =- 

X 

are drawn. The error term as illustrated is 

e = U - U*, 

and it is the integral over the range Xr, to Xu of the squared error 
Z, which is to be minimized. The cost per ton a which minimizes 
Z is found by setting the derivative of Z with respect to a equal to 
zero and then solving for a. The solution is shown in Figure 3. It 
the lower bound 

Xl=40 units of plant food per ton 

and the upper bound 

Xu=64 units of plant food per ton 

are used to evaluate a the result is $3.6S per ton. It can be shown 
that the mathematical maximum error in the fit ocurs at X = 168.2, 
which is outside the range considered. Thus, the actual maximum 
error occurs at one of the bounds of the range, in this case the lower 
bound, Xl = 40. At this point, the error is 6.5 mills, a small error in 
such cost studies. Also the average error over the range is about 
zero. Thus, the approximation is satisfactory. 

Continuous least squares is most helpful in this example. An 
almost hopelessly complicated result of the model can be explained 
in familiar terms. But even more important, the integrity of the 
model is maintained. This can be illustrated as follows. Let the 
range just illustrated be called high-analvsis fertilizers. This is com¬ 
mon terminology in the industry. Now let the range 27 to 40 units 
of plant food be called low analysis and evaluate the coresponding 
value of a. The new cost per-ton approximation is $3.19 or about 
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FIGURE 3. 

50 cents per ton lower. Thus, in the example the simplicity is main¬ 
tained, and yet it can still be shown that it costs more per ton to 
handle a high-analysis product than a low-analysis product. 

CONCLUSIONS 

An evaluation of continuous least squares as compared with 
other methods of approximation is difficult. There is no unique 
criteria for “goodness” of fit. Perhaps the best criterion is to ask, 
Does the method work in a particular case? If the maximum error 
of the fit is sufficiently small, as it is in the above example, it can be 
said that the fit is satisfactory. If, in addition, the average error is 
about zero, the maximum error criteria may be conservative. In the 
linear case, the average error is always zero, and in the above non¬ 
linear example the average error can be shown to be .4 mills or 
almost zero. But maximum error is not a powerful enough criterion 
in many cases, since the errors generally average out over the range. 

An alternative method of approximation is Taylor’s expansion. 
This method concentrates on “goodness” of fit at a given point 
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rather than over a given range. A. desirable property of Taylor's 
expansion is that any degree of accuracy which is desired may be 
obtained by choosing a sufficiently large number of terms. The 
problem with Taylor's expansion is, of course, that the approxi¬ 
mation may be more complicated than the original function. In 
continuous least squares, the form of the function to be fitted is 
chosen beforehand, but with Taylor's expansion the form of the fit is 
determined in the process of performing the approximation. 

Sometimes Taylor's expansion is used, conditioned on the as¬ 
sumption that only the first two terms (linear terms) will be used 
regardless of the “goodness' of fit. Under this assumption, the 
result is the tangent line or plane at the specified point. With this 
assumption the error is zero at the specific point; but, in general, 
all errors over the range may have the same sign. This may present 
a rather poor fit over the range both in terms of maximum error 
and average error. Also, in other than linear cases, the desired 
form of the fit cannot be satisfied, as is the case in the above 
example. Thus with Taylor's expansion, regardless of its “goodness” 
of fit, the implementation of the example would be impossible. 

Another method of curve fitting which should be mentioned is 
O 

the method of inspection. It is generally advisable to plot the 
function and study it whenever possible. But the main drawback 
to this method is that it is not reproducible by others. No two 
individuals have the same sight or judgement. For informal re¬ 
search when a single variable function is being considered, the 
method of inspection may be adequate, but for formal studies, 
reproducibility is generally mandatory. 

In conclusion, a brief comment should be made about curve 
fitting, in general, and the integrity of the scientific method. It 
is not uncommon in economics and statistics that the availability of 
mathematical tools helps guide the organization of some research 
projects. It is likely that this problem occurs in the physical 
sciences as well. In accord with the scientific method, research 
should be guided only by the pursuit of knowledge of natural 
phenomena. Yet in practice, an individual performing research 
may be restricted by available tools of mathematical analyses. For 
example, certain research may be guided by linear or log mathe¬ 
matical forms. This is prevalent in economics and statistics as 
exemplified by the techniques of linear programming in economics 
and additive error techniques in statistics. In the physical sciences, 
this type of guided research may take the form of traditional theon , 
such as Newtonian physics, which was tied to what is considered 
elementarv calculus today. 
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Better and more convenient methods of curve fitting may allow 
those in basic research to pursue natural phenomena in a less 
restrictive manner, knowing that the functional form of their results 
can be converted to more manageable expressions, in approximation. 

Continuous least squares or methods similar to it may be in 
current use by many. A review of the economics and statistics 
literature, however, revealed no such evidence. Continuous least 
squares is conceptually rather simple, and if sufficient demand for 
the method existed, it could be computerized and made more con¬ 
venient. Continuous least squares has been useful to the author. It 
may be that it can be of use to those in the physical sciences as well. 
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A D> naniic Programming-Probabilistic Approach I o 

Variable Demand Production-Inventory Control 

James N. Hool 

Department of Industrial Engineering 

Auburn University, Auburn, Alabama 

INTRODUCTION 

A problem encountered by many industries is production sched¬ 
uling and inventory control when product demand is variable. 
The problem arises because of the need to satisfy non-deterministic 
product demand while simultaneously maintaining an appropriate 
product inventory, and scheduling production in such a way as to 
minimize associated cost. A method that can be used to attack the 
problem is presented. The method involves the use of the mathe¬ 
matical optimization technique of dynamic programing, and output 
of the method consists of (1) a sequential schedule of quantities to 
be produced, and (2) the corresponding expected minimum costs 
associated with each production level decision in the sequential 
schedule. 

PLANNING AND PRODUCTION CONTROL INTERVALS 

Consider an arbitrary length time period over which demand 
for a given product is variable, and over which production must be 
scheduled. Inventory levels of the product will vary also and are 
cumulative. The arbitrary length time period will be called a 
production planning period. For purposes of production scheduling 
using the method, the planning period is divided into smaller equal- 
size subintervals that will be called production control intervals 
(abbreviated PCI). Figure 1 illustrates the planning and production 
control interval concepts. 

Reginning End 
<— Planning Period —» 

PCI 1 PCI 2 PCI 3 

FIGURE 1. General illustration of the planning and production control concepts. 

At the beginning of and for each PCI a decision is to be made 
about the amount of production to schedule. The decision is ex¬ 
ecuted, of course, during the PCI. The object is to develop, in 
view of variable product demand, a sequence of decisions, one for 
each PCI, such that the cumulative costs over the remainder of the 
planning period are minimized. A FIFO inventory policy is 
assumed. 
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For each PCI two quantities are defined, namely 

Ni=inventory condition \ existing at the beginning of 
interval (i = 1, 2, . . n) 

Nj=inventory condition /' existing at the end of any 
interval (j=l, 2, . . ., n) 

Both Ni and Nj comprise an exhaustive set of inventory conditions. 
Ni and Nj are functions of product demand and production rate. 
Ni is simpy the inventory at the beginning of a PCI before a pro¬ 
duction decision is made, and Nj is simply the inventory at the end 
of the same PCI after production and PCI demand have occurred. 
Nj at the end of a particular interval automatically becomes Ni for 
for the next interval, and Ni=Nj when i = j. The minimum value 
for Ni or Nj is (-1) (maximum possible demand), and the maximum 
value for Ni or Nj is any “reasonable” maximum. 

PRODUCT DEMAND 

For each PCI, demand for the single product to be scheduled is 
nondeterministic, that is, it cannot be predicted with certainty. 
Also, there are only a discrete and finite number of demand levels 
(values) which will be designated at Di (1=1, 2, . . ., s), where 
Di—O. A probability, which is independent of production, is as¬ 
sociated with each demand level, which indicates the chance that a 
particular demand Di will occur during the PCI. This probability is 
assumed to remain constant for all PCI. For any PCI the sum of 
the demand probabilities will be exactly one. Since product 
demand Di directly affects the N, and Nj values, the probability 
that a unique sequence of Ni and Nj values will occur during one 
PCI, if a particular production control decision is made, depends on 
the probability that the associated demand will occur. Let pij be the 
probability that Ni and Nj will occur in sequence. Obviously, for 
each Ni 

n 
2 Pu = 1 

H 
PRODUCT PRODUCTION LEVELS 

The decision to be made at the beeinning of each PCI is how 
much production to schedule for the interval if PCI product 
demand is unknown. It is assumed that once production is sched¬ 
uled for the PCI, it occurs as soon after the beginning of the interval 

1A negative inventory indicates unsatisfied demand. 
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as possible (theoretically production occurs immediately). Pro¬ 
duction will occur only at a discrete and finite number of levels which 
will be designed at Pk (k=l, 2, . . r). Several restrictions are 
placed on production. The most obvious restriction is that pro¬ 
duction will be non-negative, (i.e. Pk~0). Another restriction on 
production during any PCI is that if inventory at the beginning of 
the interval is less than zero, indicating unsatisfied demand from 
the previous interval, then production must at least equal the un¬ 
satisfied demand. Symbolically this restriction is 

if Ni<0, then Pk^(-l)Ni 

A third production restriction concerns the maximum production 
rate than can be considered during any PCI if the initial inventory 
in Ni. This restriction states that the production rate must at most 
equal the difference between the maximum possible inventory and 
Ni, whatever Ni might be. Symbolically this restriction is written as 

Pk^NMAx-Ni 

The restriction exists because of computational necessity, but is 
reasonably realistic. The last restriction on production concerns its 
maximum value for any application, which is the sum of the 
maximum inventory and maximum demand values. Symbolically 
this is written as 

PkMAX =NmAX +D MAX 

This restriction places a maximum value on the production rate, 
and is simply a restatement of the immediately previous restriction 
when Ni is minimum. 

COMPONENT COSTS OF THE PROBLEM 

Three basic types of costs are associated with each PCI. These 
are (1) setup and production costs, (2) inventory carrying costs, 
and (3) unsatisfied demand cost. 

Setup and production costs are a function of production. Setup 
costs for production may or may not depend upon Pk, but pro¬ 
duction costs will likely depend upon Pk because they may be 
varied. 

Inventory carrying costs are realized in a PCI if any one of 
three conditions prevail: PCI demand is (1) less than, (2) 
greater than, or (3) equal to the sum of initial inventory Ni plus 
the interval production quantity Pk. Mathematically the conditions 
are written as 

Di < (Ni + Pk) 
E>, > (Ni -f Pk) 
Di = (Ni + Pk) 
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If Di<(Ni+Pk) then there will be a carrying cost associated with Di 

units that are sold, and (Ni+Pk)-Di that are not sold during the 
interval. When Di<(Ni+Pk) the distinction between the quantities 
to which carying costs are applied is made because, in fact, dif¬ 
ferent per unit carrying costs may be attached to each condition. 
If 1) i> (Ni —Pk) then there will be a carrying cost associated only 
with (Ni+Pk) units that are sold during the interval. When Di= 

(Ni-fPk), that is when demand equals inventory plus production, 
carrying costs are applied to the (Ni-fPk) units that are sold. 

Unsatisfied demand costs will be realized only when demand 
during a PCI exceeds the sum of initial inventory and interval 
production. Mathematically, unsatisfied demand costs occur only 
when 

Di > (Ni + Pk) 

The amount of unsatisfied demand is clearly 

Di - (Ni + Pk) 

Let the setup and production costs be designated by the symbol 
S, let inventory carrying costs be designated by the symbol I, and 
let unsatisfied demand costs be designated by the symbol U. Then 
the overall cost associated with a production control interval is the 
sum of S, I, and U, and is a function of (1) Ni, the initial inventory 
for a PCI, (2) Pk, production, (3) Di, variable demand, and (4) 
Nj, ending inventory. Nj is computed from Ni, Pk, and Di. Let the 
overall cost be designated as 

C*u 

Where i identifies the initial inventory 

k identifies the production quantity2 

j identifies the ending inventory 

THE GENERAL METHOD OF SOLUTION 

The object of the mathematical method used to solve the type 
of problem being considered is to generate a set of decisions that 
specify for each possible value of Ni at the beginning of each PCI 
the amount of product to produce in order to minimize expected 
costs of setup and production, inventory, and unsatisfied customer 
demand. The method of solution involves a sequence of computations 
that occur in an order that is almost completely opposite to intuition 
and normal planning. To illustrate this, consider a planning period 
that consists of three equal-size PCI such as is illustrated in Figure 

'The index 1 is omitted in Ckij bee ause use of the index j identifies what 1 must be. 
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1. The normal planning sequence is to consider first PCI 1, second 
PCI 2, and third PCI 3. The analysis however considers first PCI 
3, second PCI 2, and third PCI 1. The reason for this apparently 
contrary procedure will become obvious. 

Consider first the problem of determining the best production 
level Pk if there is only one PCI remaining in a planning period. 
Any one of the set of initial inventory conditions Ni can prevail at 
the beginning of the PCI. Demand for the PCI is not known pre¬ 
cisely, and the problem is to select a Pk value for each Ni value such 
that the expected costs of setup and production, inventory, and 
unsatisfied demand are minimized for the remainder of the planning 
period (i.e. over one PCI). All Ni must be considered here because 
which one will prevail at the beginning of the PCI will depend upon 
what demand occurred during the previous PCI, and of course this 
is also not known precisely at the beginning of the planning period. 
Therefore, for each Ni the expected cost of making decision Pk 
must be evaluated. The expected cost associated with making de¬ 
cision Pk, if inventory condition Ni prevails and one PCI remains 
in the planning period, is given by the equation 

n 
Vki (i) = £ p„ [Ckij + V, (o)] (1) 

where Vj (o) may be zero for all j. Note in the equation that the 
subscript “1” on Vki (i) corresponds to the fact that one PCI remains 
in the planning period. Note also that the expected cost is a function 
of the index i (the initial inventory Ni) and that the right-hand 
side of the equation involves all values of the index j (all ending 
inventory levels Nj that are possible). This equation is evaluated 
for all combinations of the indices i and k. The optimal Pk to 
choose for inventory Ni is that for which Vki (i) is minimum. 
Mathematically the optimal Vki (i) is given by 

f n 1 
V°i (i) = minimum £ Pij [Cku -f Vj(o)] (2) 

k li-i J 
For each 
termined. 
Table 1. 

Ni, an optimal Pk and corresponding Vki (i) are de- 
These can be conveniently arranged in an array such as 

TABLE 1. General array of optimal Pk and Vkj(i) values for one PCI. 

PCI 3 

i=2 i=n 
P* P° 

V*,(2) V,(n) J 

i = l 
p° 

V°,(l) 
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Consider next the situation where production decisions must 

be made for the last two PCI in a planning period (i.e. intervals 

2 and 3 in a three interval planning period). At the beginning of 

PCI 2 any inventory condition Ni can prevail. Since demand over 

the first interval cannot be precisely predicted however, all Ni con¬ 

ditions must be considered at the beginning of interval 2. The 

problem here is the same as that indicated previously, namely what 

is the best decision Pk to make if condition Ni prevails. For interval 

2 the following equation is evaluated 

Vk, (i) = S P.J [Ck, Vj (1) ] (3) 

where Vj(l)=VT (i) from Table 1. 

Note the subscript “2 on VC (i) indicates that two PCI remain in 

the planning period. The optimal decisions to make at the beginning 

of interval 2 are obtained from 

V°o (i) = minimum - Pu [CSj -f- Vj(1) ] (4) 

The optimal decisions and associated costs for both intervals 2 

and 3 can be presented in tabular form such as Table 2. 

TABLE 2. General table of optimal Pk, Vk](i), and VC(i) values for two PCI. 

i=l i=2 i=n 

PCI 3 j 

1 

P° P° p° P° 

V*di) V°1(2) V%(2) V*i(n) 

PCI 2 . 
P° P° P° P9 

v%(i) V%(2) VC(2) V2°n 

If tin ee PCI remain in a planning interval, then the optimal 
decisions are obtained by evaluating the following equation 

I n 
V°3 (i) = minimum 2 Pij [Ckij + Vj(2)] 

k U = 1 

where Vj (2) = V°2 (i) from Table 2. 

The optimal decisions and associated costs for PCI 1, 2, and 3 can 

be presented in tabular form as Table 3. 
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TABLE 3. General table of optimal Pk, values for three PCI. 

N, i=l i=2 i=n 

PCI 3 
r P“ p. p* P° 

1 Vb (i) v,(i) V*1(2) V°i(n) 

PCI 2 f P° p° P* po 

1 V°o(i) v*2(l) V\(2) V°2 (n) 

PCI 1 
r p° p° P“ P° 

1 V*3(i) V%(1) V%(2) V*8(n) 

In general, if there remain m PCI in a planning period, then 
the optimal Pk for the initial inventory conditions are determined 
according; to 

O 

I n 
V°m (i) = minimum j 2 Py [Ckij+Vj(m-1)] | 

k li =1 J 
It is thus seen that computations necessary to develop the sequential 
production schedule are made by considering the last PCI first 
followed sequentially by all immediately preceding PCI until the 
first PCI to be considered in practice is evaluated. The results 
obtained by the method are implemented in exactly the opposite 
manner. 

ADDENDUM 

Because of the length of the general subjects discussed in this 
paper, it is not possible to present an example problem. The author 
has applied the general solution method to an actual forest pro¬ 
duction control problem (in which product demand was replaced 
by potential forest growth). The application involved sixteen PCI 
and thirty-six inventory conditions, and required less than five 
minutes of computation time on an I.B.M. 1620 computer. The 
method of solution discussed may have definite merit in many 
applications because it generates a complete set of optimal pro¬ 
duction decisions, one decision for each inventory condition that 
may exist at the beginning of any production control interval in a 
planning period. If the optimal decisions are actually implemented 
the expected costs associated with any sequence of such decisions 
will be minimum. 
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Bird Populations Of Four Dill erent PI ant 

C ommunities In I he Blue Ridge Mountains1 
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INTRODUCTION 

Although many communities have had their avifauna described 
qualitatively, there have been fewer attempts to put avian popu¬ 
lations on a quantitative basis. It is obviously important to have 
some idea of quantities of organisms which normally inhabit various 
types of habitats in order to provide “yardsticks’ against which 
other communities may be compared to test the effect of some 
stress on the community (such as pollution) or to ascertain when 
some species is on the decline. 

It is with the preceding purpose in mind that a quantitative 
study of the avifauna of several communities in the Blue Ridge 
Mountains of North Carolina was undertaken during the summer of 
f965. The general plan was to select communities of increasing 
vegetative complexity ranging from a one species community 
(apple orchard) to oak-chestnut, pine-oak and finally a very 
complex mixed hardwood forest. 

METHODS 

The methods of study differed in the various communities as 
the season progressed from early to late summer. During the early 
part of the summer when birds were breeding and singing males 
were on territory, the procedure was to make a new map of the 
census area every day and record all birds heard and seen while 
walking slowly over the area. Later the records were transferred to 
maps for individual species which covered the entire period of the 
census. These species maps soon began to show a pattern of ter¬ 
ritories for singing males. Each apparent territory was then assumed 
to be occupied by two birds, the male and the often unobserved 
female. This method is described in detail by Williams (3). 

Since the census work in the apple orchard and the mixed hard¬ 
wood forest was done after the main breeding season, a different 
technique was employed. The area was walked as usual but the 
records were mostly sightings because singing males were not so 
common. Therefore, territories were unimportant and population 
estimates were arrived at by use of the formula N«,=MA/a where 

Research aided by NSF Grant G-22079 made to the Highlands Biological Station. 
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Are is population estimate, M is the mean number of birds per day, A 
is the area desired for expressing density and a is the area actually 
censused (1). 

Following the method of Davis (1), those species showing too 
much variation in day to day census were not used in density 
calculations. The method used to discard those species with too 

! • , 100 (r 
much variation was to use the formula ——— and disregard those 

species with values higher than 5 per cent (1). Twenty acres was 
selected as a plot size because Odum (2) had indicated that ten 
acre plots were inadequate for showing rarer species while twenty- 
five acre plots gave a more accurate estimate. Since the apple 
orchard was twenty acres, all plot sizes were set at twenty acres. 
This size approximates Odum’s optimum plot of twenty-five acres. 

In the oak-chestnut and pine-oak forests, the twenty acre plots 
were laid off using compass readings and strings. The apple orchard 
selected for study was twenty acres, the mixed hardwood forest 
was located in the Thompson River gorge and was too rugged 
to be censused except by walking on a logging road. Thus the 
twenty acres were figured by censusing only fifty yd on either 
side of the road for enough distance up the road to total twenty 
acres censused. 

The oak-chestnut forest was located approximately eight miles 
east of Highlands, North Carolina, at 3300 ft elevation. The forest 
canopy was largely oaks with an understory of chestnut trees. The 
latter do not attain large size because they are killed by blight. 

The pine-oak forest was located south of Highlands in Blue 
Valley at 2700 ft elevation. The area had been cut over for timber 
a few years earlier and was composed mostly of pines with in¬ 
coming deciduous growth. This area had two small springs which 
supported growth of two strips of Rhododendron within an other¬ 
wise hot and dry community. 

The mixed hardwoods forest was located near the headwaters 
of the Thompson River and was in the gorge. The area supports 
a diverse plant community which is quite thick. The elevation of 
this area was 2700 ft. 

The apple orchard was located just south of the Blue Valiev 
turnoff at an elevation of about 2000 ft. 

RESULTS AND DISCUSSION 

The data are summarized in Table 1. Although the censusing 
was done on twenty-acre plots, the results are presented on the basis 
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of one hundred acres for convenience and comparison with other 
data. 

As would be expected, the various communities had avian 
populations of differing composition. However, it is surprising 
that the apple orchard, which was a simple community from the 
standpoint of microhabitats, had nearly as many species as the 
more complicated oak-chestnut and mixed hardwood forests. Per¬ 
haps the orchard had only a few species which actually lived there, 
and the others were only feeding in the orchard. From this stand¬ 
point it would have been preferable to census the breeding bird 
population of the orchard. It was expected that the gorge with 
its greater variety of plant life might have a greater variety of 
avifauna through availability of microhabitats and niches. How¬ 
ever, there was very little difference in total species among the 
communities, except for the low diversity of the pine-oak forest. 
This area also had two species which did not show too much 
variation to be included in a census. 

Table 1 demonstrates that bird census work was more fruitful 
during the breeding season when spot mapping was used. In the 
oak-chestnut and pine-oak forests, 58.8 per cent and 30.7 per cent 
respectively of the number of species could be used in a quantitative 
manner. In the apple orchard and mixed hardwoods where spot 
mapping could not be used, 26.3 per cent and 9.5 per cent respect¬ 
ively of the species could be used. 

The only type habitat censused which was also censused by Odum 
(2) was the oak-chestnut forest. Odum did not indicate any excess 
birds in the census but apparently was able to assign all birds to 
territories. This was not found to be the case in the present study. 
Since all these extra birds were ruled out on the basis described 
under Methods, it is difficult to compare the data with that of 
Odum. Odum (Table 2) found 320 birds per 100 acres in the oak- 
chestnut climax while the present study (Table 2) indicated 270 
birds per 100 acres. However, if species which were too variable to be 
included quantitatively in Table 1 are considered, the result is 324 
birds per 100 acres which is very close to that found by Odum. 
Since Odum did not indicate that he threw out any species, the 
densities probably were very similar considering the community 
as a whole. However, the present study indicated marked dif¬ 
ferences from Odum’s study in the relative importance of certain 
species. The most striking difference between the two censuses 
is the Scarlet Tanager which was very important in the present 
study but entirely absent in Odum’s census. The most striking 
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TABLE 1. Occurrence and some population estimates of birds in the Blue Ridge 
Mountains, North Carolina. 

Numbers of individuals per 100 acres 

Species June 22-29 Jnly 6-15 
Oak- Pine- 

chestnut oak 

July 17-23 July 27-Aug. C 

Apple Mixed 
Orchard Hardwoods 

Flicker 10 
Hairy Woodpecker * 0 ° 
Ruffed Grouse 0 

Rubv-throated Hummingbird * ° 
Phoebe * 

Wood Pewee ° ° 

Least Flycatcher ° 

Carolina Chickadee 0 * o 

Tufted Titmouse 0 0 0 0 
Golden-crowned Kinglet 
Veery 10 
Wood Thrush 40 10 0 
Robin ° * 

Bluebird * 

Carolina Wren 0 11 
White-breasted Nuthatch 0 
Crow 0 
Blue Jay * * 

Catbird 10 0 16 
Scarlet Tanager 30 
Red-eyed Vireo 30 10 23 
Solitary Vireo 20 0 
White-eyed Vireo * 
Redstart 0 

Chestnut-sided Warbler 20 * 

Black-throated Blue Warbler 50 o 

Hooded Warbler 60 0 

Ovenbird 20 0 0 

Panda Warbler 0 0 

Yellow Warbler 0 

Yellow-breasted Chat 6 
Canada Warbler 0 

Black and White Warbler « 

Swainson’s Warbler o 

Worm-eating Warbler 0 

Towhee 30 20 0 o 

Cardinal * 0 

Indigo Bunting 
Goldfinch 

14 .... 

Chipping Sparrow 0 

Field Sparow 
Song Sparrow 

16 
21 

—- indicates nonoccnrrence 
° indicates occurrence but no density estimate 



176 Journal of the Alabama Academy of Science 

TABLE 2. Comparison of two censuses of bird populations in oak-chestnut climax 
forest at Highlands, North Carolina. 

- Individuals per 

Rogers, 1965 

100 Acres 

Odum, 1950 

Flicker 10 
Hairy Woodpecker ft 8 
Downy Woodpecker 8 
Carolina Chickadee * 4 
Tufted Titmouse ft 4 
Veery 10 24 
Wood Thrush 40 16 
Robin 0 4 
White-breasted Nuthatch ft 8 
Ruby-throated Hummingbird 8 
Catbird 10 
Scarlet Tanager 30 
Red-eyed Vireo 30 24 
Solitary Vireo 20 44 
Chestnut-sided Warbler 20 16 
Black-throated Blue Warbler 50 48 
Oven bird 20 76 
Panda Warbler ft 
Black and White Warbler ft 8 
Wood Pewee 4 
Rutted Grouse 4 

Towhee 30 12 

Total 270 320 

indicates nonoccurrence 
0 indicates occurrence but no population estimate 

similarity is that both studies indicated the Black-throated Blue 

Warbler to be the dominant species and the population estimates dif¬ 

fered by only 2 birds per 100 acres for that species. 

Perhaps what is illustrated by the two studies of oak-chestnut 

forest is a good example of community homeostasis. Although the 

relative importance of species may change, other species may adjust 

their densities to produce a steady total density of birds for the 

community as a whole. 
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Three Additional Erythrystic Cottontails From 

Northern Alabama 

Edward P. Hill III and Robert W. Skinner 

Alabama Department of Conservation, Montgomery, Alabama 

Since Holliman (J. Mamm. 42:254-255. 1961) reported an ery¬ 
thrystic cottontail taken from north Morgan County, Alabama, 
three other cottontails, Sylvilagus floridanas, with similar pelage 
have come from near the same location. Geographically, the four 
specimens were collected just south of the Tennessee River along a 
narrow strip running 18 miles east and west of Decatur, Alabama. 
The occurrence of the four unusual specimens from the same locality 
is noteworthy, particularly since similar cottontail pelage colors 
were not found reported in the literature. 

An adult male cottontail was collected at the mouth of Mallard 
Creek, Lawrence County, Alabama by J. R. Kelley, November 11, 
1961. Only a faint agouti pattern is detectable on the dorsum of 
the study skin, producting a solid color effect. The top of the head, 
under forelegs, and dorsum are oehraceous tawny. The rump and 
sides are warm buff. The top of the tail is oehraceous tawny, while 
underside and vent area are white. The remainder of the venter 
is light buff. The study skin and skull (No. AU 2541) are in the 
Alabama Cooperative Wildlife Research Unit Collection at Auburn 
University. 

Another adult male was collected 7 miles southeast of Decatur, 
Morgan County, Alabama, December 22, 1961 by Leverette Blank¬ 
enship. The specimen is in adult pelage. The top of the head and 
dorsum are oehraceous tawny variegated with mummy brown as a 
result of the well defined agouti pattern. The nap of the neck and 
upper forelimbs are oehraceous brown. The venter and tops of the 
hind feet are light buff. The underside of the tail is white. The 
study skin and skull (No. M-16) are in the Alabama Department 
of Conservation collections at Montgomery, Alabama. 

A juvenile female was brought to the residence of Mr. H. C. 
Sharp, 6 miles west of Decatur, Morgan County, Alabama by his 
house cat in mid-May, 1965. It was judged to be approximately 
45 days old after comparing body measurements and skull with 
those from cottontails of known age. Its classification as S. flori- 
danus was confirmed by Charles O. Handley, Jr. of the U. S. Natural 
Museum. From descriptions of pelage changes by Negus (|. Mamm. 
39:246-252. 1958) the specimen appears to be in the pelage stage 
just prior to the nestling molt. It is almost uniform in color, and 
quite lacking in agouti pattern. The head, dorsum, and lop ol the 
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tail are buckthorn brown to ochraceous tawny fading to warm 
buff to light buff on the sides and light buff on the venter. The 
underside of the tail is white. The study skin and skull (No. M-17) 
are in the Alabama Department of Conservation Collections, Mont¬ 
gomery, Alabama. 

Color descriptions are from Ridgeway, Color Standards and Color 
Nomenclature, 1912. 
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Scientist Beniamin L. c. w ailes: 

The Man And His Bonks 

Clyde Hull Cantrell 

Ralph B. Draughon Library 

Auburn University, Auburn, Alabama 

In 1960 the author presented to the faculty of the Graduate 
School of Library Science of the University of Illinois a disser¬ 
tation entitled “The Reading Habits of Ante-Bellum Southerners. 
The thirteen persons whose readings were studied in detail re¬ 
presented all types of Southern Society of the period, with the 
exception of Negro slaves. To compensate for this omission, the 
diary of William Johnson, a free Negro of Natchez, was included. 
Of all persons studied, one of the most interesting was Benjamin 
Leonard Covington Wailes, a Mississippi scientist whose labor and 
activities were little known until the thirty-six volumes of his diary 
were discovered a few years ago. Charles S. Sydnor’s biography, 
based largely on the Wailes dairy, is a very good study of the man 
and the period in which he lived (1). The growing scientific in¬ 
terest of the Old South may be found in an assiduous perusal of the 
diary of Benjamin L. C. Wailes. He was a surveyor and scientist, 
planter and legislator. It is doubtful than any man of his time and 
region was more curious about the natural phenomena which he 
found around him. 

On August 1, 1797, Wailes was born in Columbia County, 
Georgia, the son of Levin and Eleanor Davis Wailes. In 1807 the 
family moved into Mississippi Territory, and it was at Jefferson 
College, in Washington, Mississippi, that Benjamin received his 
formal education. He was taught practical surveying by his father. 
Benjamin was employed from 1814 to 1820 in the land offices of the 
Old Southwest, doing surveying and clerical work. Serving as an 
assistant to the Choctaw agent during part of this time, he was 
present at treaty conferences of 1818 and 1820 at which white 
settlers and Choctaws attempted to settle their differences. Wailes s 
knowledge of the geography of the region became widely known. 
In 1820 he was married to Rebecca Susanne Magruder Covington, 
one of his distant cousins and the daughter of Brigadier-General 
Leonard Covington. Ten children were born to this union. At first 
Wailes and his family lived near Washington, but later they moved 
into the village. From 1826 to 1835 he was register of the land oftice 
in Washington, but his chief interest at that time seems to have 
been cotton planting. Before his death he managed not only the 
small plantation at Washington but also two larger plantations 
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belonging to the family in Warren County, with about one hundred 

fifty slaves. Fonsylvania, the paternal plantation inherited by Mrs. 

Wailes, was of much interest to her husband; it was later valued 

at more than $400,000.00 

After his farming interests and his innate curiosity regarding 

things of nature, Wailes was more concerned with Jefferson College 

than anything else. Although it was not opened for student enroll¬ 

ment until January 1, 1811. Wailes received his education there, 

and he seemed to be doing something continually to promote the 

cause of the institution. In 1824, he was elected a member of its 

Board of Trustees, and he served as treasurer of the Board from 
1837 to 1854. On March 28, 1857 he was elected President of the 
Board of Trustees (3), and held this office until his death in 1862. 
Interspersed through his diary are found records of his work for 
the college library, assisting in promotion campaigns and aiding 
the financing of the institution. Many of the fossils and other 
scientific materials which Wailes collected were stored in the 
college buildings, which he considered to be safe and secure. 

Wailes served as a member of the Misissippi State Legislature 
in 1825 and 1826, but he took little interest in politices. lie was a 
Whig, and he was very worried, at times, about the ever-increasing 
power of the Democrats. He watched fearfully the development 
of the secession movement and the coming of the Civil War (2). 

Learning that the State Legislature had authorized an agri¬ 
cultural and geological survey of Mississippi, Wailes wrote to the 
President of the University of Mississippi, A. B. Longstreet, to offer 
his services for this work. One year later, he wrote a letter listing 
his qualifications for the position of Assistant Professor of Agricul¬ 
ture and Geological Sciences (5). On January 14, 1852, Wailes 
received an appointment, with professorial rank, to do the survey 
for which funds had been appropriated by the Legislature. At once 
he accepted the appointment, at $1,000.00 per annum, and began 
work on January 20, 1852 (3). Wailes travelled thousands of miles 
through the State exploring and examining the natural phenomena 
which he was to discuss in his report. Lie never seemed to lose 
the enthusiasm which he brought to this work, although much of 
the traveling had to be done on foot. The duty of seeing the report 
through to publication was his responsibility. He made a trip to 
Philadelphia in order to read final proofs before publication. A 
considerable amount of space is used by Wailes in recording in his 
diary the reception the volume received after its publication in 
1854 (6). 
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Although at heart a scientist, Wailes took great interest in the 

cultural, social, and economic history of his region. He read news¬ 

papers assiduously to keep up with current events. He had a keen 

interest in early Mississippi history, and he spent much time in 

examining the old Spanish archives, historical books in the Jefferson 
College Library, and a great number of books of interest to him 
when he visited the Library of Congress and other Northern librar¬ 
ies on his trips to the New York-Philadelphia-Washington area. 
He was ever curious and zealous in examining and reading publica¬ 
tions which might throw new light on his interests. When Wailes 
died, he left in manuscript form his brief history of his father-in-law, 
General Covington. More than sixty years elapsed before it was 
published as Memoir of Leonard Covington, 1928. 

Wailes collected scientific specimens for John J. Audubon, Louis 
Agassiz, the Smithsonian Institution, and libraries of Jefferson Col¬ 
lege and the University of Mississippi. He carried on a voluminous 
correspondence with other scientists in various parts of the United 
States, and did a great deal to advance science in the Old Southwest. 
A letter which Wailes wrote, in 1853, to the Superintendent of the 
Census Office in Washington made the following suggestions for 
promoting scientific study and discovery (4): 

1. Appointment of a permanent state geologist for each state 

2. Appointment of a professor of agricultural chemistry at each 
state university 

3. State geologists to make explorations for gathering data 

4. Specimens collected to be labeled, catalogued, and stored 

5. Establishment of a system for exchanging scientific specimens 

6. Annual or biennial reports to state legislatures 

7. Reasonable salary for the state geologist. 

The frontier of science would have advanced much more rapidly if 
these recommendations by Wailes had been adopted by all states 
of the Union. 

Wailes was acquainted with many important persons among 
his contemporaries. In 1821 he visited President Monroe at the 
White House, he dined there with President Jackson in 1832, and in 
1854 Jefferson Davis escorted Wailes to the White House to meet 
President Pierce. Wailes corresponded widely with scientists of 
his time: Joseph Anthony of Cincinnati; Professor LeRoy Broun, 
of Oakland College, Mississippi; J. D. B. DeBow, of the U. S. Census 
Office; Joseph Henry, of the Smithsonian Institution; Professor 
John Millington, of the University of Mississippi; and others. He 
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took an active part in the establishment of historical, literary, and 
scientific societies. 

After writing almost daily in his diary for a period of more than 
ten years, the last entry Wailes made was that of November 5, 1862, 
dealing with his health, which had gradually declined for several 
years. He died on November 12, 1862. The chief sources for the life 
and activities of Wailes are his own diary and the biography done 
so well by Professor Sydnor. 

An avid reader of sciences, Wailes was also interested in books 
of biography and history. The records show that he had little 
interest in belletristic writings. Of the many books which Wailes 
perused with interest, the following should be mentioned: 

Academy of Natural Sciences of Philadelphia. Proceedings. 

Adams, John, Diary. (Contained in his Works, 10 vols. 1850-56) 

Agassiz, Louis. Contributions to the Natural History of the United States. 

1857-62. 

Alabama. Geological Survey. First and Second Biennial Reports. 

American Cotton Planter. Montgomery, Ala. 1853-1865//? 

American journal of Science. New Haven, Conn, 1818- 

American Philosophical Society. Transactions. Philadelphia, 1769-1809; 1818- 

Art Journal. London. 1839-1912// 

Audubon, John J. The Birds of America from Original Drawings. 

1827-30 ' 

Audubon, John J. Quadrupeds of North America. Plates, 2 voh, 

1842-45; text, 3 vols., 1846-54. 

Bouehette, Joseph. A Topographical Description of the Province of Lower 

Canada . . . 1815. 

Cervantes Saavedra, Miguel. Don Quixote. 1605, 1615. 

Childs and Peterson. Year Book of Agricultural Improvement, n.d. 

Claiborne, J. F. H. Life and Correspondence of John A. Whitman, i860. 

Cosmopolitan Art Journal. New York. 1856-1861//. 

Dunbar, William. Correspondence. 1771-1802. 

Eclectic Magazine of Foreign Literature. New York, Boston. 1844-1907// 

Fossils. Book on Fossils (Unnamed by Wailes) 

Gayaree, Charles Etienne Arthur. The History of Louisiana. 1851-66. 

Geological Dictionary. (Author, publisher, and place not listed by Wailes). 

Gillis, Lt. J. N. The U. S. Naval Astronomical Exposition to the Southern 

Hemisphere during the years 1849-52. 1855. 

Girard, Stephen. Biography and Will. n. d. 

Greenough’s American Polytechnic Journal. 1853-1854//. 

Hall, James. Romance of Western History . . . 1834-35. 

Harper, L. Preliminary Report on the Geology and Agriculture of the State 

of Mississippi. 1857. 

Harper’s Monthly Magazine. 1850- 

Headley, Joel Tyler. The Second War with England. 1853 

Henderson, John. Paine Detected, or the Lhireasonableness of Paine’s Age 

of Reason. 1799 
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Historical Magazine, and Notes and Queries concerning the Antiquities, 

History, and Biography of America. 1857-1S75// 

Hume, David. History of England. 1754-62. 

Hutchins. Thomas. An Historical Narrative and Topographical Description 

of Louisiana and West-Florida . . . 1784. 

Ingraham, Joseph Holt. The South West, by a Yankee . . . 1835. 

Jefferson, Thomas. Correspondence, n. d. 

Jefferson College, Washington, Miss. History of. n. au., n.p., n.d. 

Jefferson Medical College, Philadelphia, Pa. Catalogue, n. d. 

Kane, Elisha Kent. Arctic Exposition. 1856. 

Kennedy, John Pendleton. Memoirs of the Life of William Wirt. 1842. 

Kirby, William. An Introduction to Entomology: or Elements of the Natural 

History of Insects: with plates . . . 1822-26. 

Knickerbocker Magazine. New York City. Jan. 1833-Oct. 1865. 

Lanman, Charles. Dictionary of the United States Congress . . . 1859. 

Leslie, Charles Robert. Autobiographical Recollections. 1860. 

Llovd, Joseph A. Diary, n. d. 

Lyell, Sir Charles, bart. A Second Visit to the United States of America . . . 

1849. 

MacKenzie, Sir Alexander. Voyages from Montreal, on the River St. Law¬ 

rence, through the Continent of North America, to the Frozen and 

Pacific Oceans: the years 1789 and 1793 . . . 1801. 

Madison, James. Papers, n. d. 

Marsehalk, Andrew. Correspondence, n. d. 

Martin, Andrew. Correspondence, n. d. 

Martin, Francois Xavier. History of Louisiana. 1829. 

Merry’s Museum, for Boys and Girls. Boston, 1841-1872//. 

Mississippi History. (Wailes does not identify this title.) 

Legislature. House of Representatives. Journal. Jackson, 

’-18. 

Mississippi. 

181' 

Missisippi. Legislature. Senate Journal. Jackson, 1817-18. 

Mississippi Free Trader. Natchez. 1835-1861//? 

Mississippi Planter and Mechanic. Jackson. 1857-1858//? 

Missouri. Geological Survey. Report. 1856? 

Natchez Courier, n. d. 

National Intelligencer. Washington, D. C. 1808-1869//? 

New Orleans Commercial Bulletin. 1832-1871// 

New Orleans Delta (titles and editions vary). 1845-1863// 

New York (State). Geological Survey. Reports, n. d. 

New York (State). Natural History Survey. Geology of New York. 1842-43. 

Newspapers. Reading unspecified. (Numerous entries in diary of Wailes). 

Ohio Historical Collections. Cincinnati, 1847. 

(Old English Magazine — title not specific by Wailes). 

Owen, David Dale. Report of a Geological Survey of Winconsin, Iowa, and 

Minnesota, and Incidentally a Portion of Nebraska Territory. 1852. 

Parton, James. Life of Andrew Jackson . . . 1860. 

Perry, Matthew Galbraith. Narrative of the Expedition of an American 

Squadron to the China Sea and Japan . . . 1856. 

Power, Tyrone. Impressions of America, during the Years 1833, 1834, and 

1835 . . . 1836. 
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Pusey, Edward Bouverie. Sermons, n. d. 

(Reading unspecified. Numerous places in Wailes diary.) 

Richardson, George Fleming. Geology for Beginners . . . 1842. 

Roemer, Ferdinand. Die Kreidebildungen von Texas und line Organischen 

Einschlusse . . . 1852. 

Ruffin, Edmund. Essay on Calcareous Manures, 1832. 

Rural Gentlemen: A Monthly Journal Devoted to Horticulture, Agriculture, 

and Rural Economy, n. d. 

Safford, William M. Life of Hannon Blannerhassett. 1853. 

Sargent, Winthrop. Papers in Relation to the Official Conduct of Winthrop 

Sargent . . . 1801. 

Scientific Artisan: A Journal of Patents, Science, Art, Discovery, Invention, 

etc. Cincinnati, vols. 1-3, 1858-1860// 

Smithsonian Institution. Smithsonian Contributions to Knowledge, v. 1-35, 

1848-1916. 

South Carolina. Geological Survey. Reports, n. d. 

Spanish Archives (No detailed titles listed by Wailes). 

Strother, David Hunter. “Virginia Illustrated.” Harper’s Magazine, 1855-56. 

Tennessee. Geological Survey. Third (Ninth) Geological Report . . . 1835- 

(1847). 

Times-Picayune. New Orleans, La. 1836- 

Tuomey, Michael. Report on the Geology of South Carolina . . . 1848. 

U. S. Census Bureau. Reports, n. d. 

U. S. Coast Survey. Reports, n. d. 

U. S. Dept, of Agriculture. Report. 1854. 

U. S. Patent Office. Annual Report of the Commissioner of Patents, n. d. 

Vega, Garcilaso de la. Conquest of Florida, n. d. 

-. History of Incas of Peru. n. d. 

Vicksburg Whig. Vicksburg, Miss. 1839-1863// 

Wailes, Benjamin Leonard Covington. Memoir of Leonard Covington . . . 

1928. 

-.Report on the Agriculture and Geology of Missis¬ 

sippi. 1854 

Weekly Mississippian. Jackson, Miss. 1832-1865//? 

Whitney, Josiah Dwight. The Mineral Wealth of the United States. 1854. 

Wilkinson, James (General). Memoirs. 1816. 

Youth’s Penny Gazette. Philadelphia, Pa. 1843-1859// 

The publications just listed are referred to by Wailes in his 

diary and in his letters. It is possible that he read more than exist¬ 
ing records show, because many people of that period read widely, 
even if they failed to record all titles in diaries and other sources. 
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Al vin Hanson s Influence On Current 

Economic Policy 

Keith Bryant, Jr. 

Samford University, Birmingham, Alabama 

INTRODUCTION 

The writer’s study of Alvin Hansen for a doctoral dissertation 
lias convinced him that Professor Hansen has had considerable 
influence on current economic policy in the United States. This 
influence is likely to continue and possibly increase in coming 
years. 

This paper will look briefly at the man himself and then attempt 
to partially answer two questions about his influence. First, we 
ask why Hansen has been influential; and second, we ask the nature 
of his influence. 

THE MAN 

Alvin Harvey Hansen is now a Lucius N. Littauer Professor 
of Political Economy, Emeritus, at Harvard University. Born in 
1887, he observed his seventy-ninth birthday this year (1966). 
His Ph.D. was awarded by the University of Wisconsin in 1918. He 
taught at the University of Minnesota from 1919 to 1937, when he 
joined the faculty at Harvard. After nineteen years at Harvard, he 
retired to emeritus status in 1956. 

An impressive fact about Hansen is the sheer volumn of his 
writing and the time period it covers. His publications span a 
full half-century from 1915, when his first journal article (1) was 
published, to 1965, when his most recent book (5) appeared. Very 
few writers are responsible, as is Hansen, for over twenty books, 
over one hundred articles, and numerous appearances before con¬ 
gressional committees. 

He is widely recognized as an authority on business cycles, fiscal 
policy, monetary policy, and international economics. The “Ameri¬ 
can Keynes” is a frequently used description. John P. Lewis (9) 
called Hansen “the leading American Keynesian,” and Seymour Har¬ 
ris (6) referred to him as “the most prominent Keynesian in the 
United States.” 

Another notable characteristic of Hansen has been his open- 
minded, flexible approach to practical problems. He makes gen¬ 
erous use of abstract theory, but his feet have always been firmly 
planted on the ground. Few economists have been more familiar 
than Hansen with the statistical data about the constantly changing 
American economy. 



Economic Policy 187 

In brief, we may say that the man, Alvin Hansen, is a retired 
Harvard professor, an authority on macroeconomics, the leading 
American interpreter of Keynes, and finally, a man very concerned 
with the practical problems faced by a dynamic American economy. 

WHY HAS HANSEN BEEN INFLUENTIAL? 

The influence of Hansen may be traced back to his own writing, 
his activities as an adviser to government, his students and associa¬ 
tes at Harvard, the writing of his students, and finally the positions 
held by his students. Each of these has resulted in the views and 
ideas of Hansen being put before large numbers of people, many 
of whom have been in a position to help formulate economic 
policy. In future years many more people who have been exposed 
to his ideas will be in positions where policy is formed. The power 
of ideas is clearly illustrated by the following familiar quotation 
from Keynes (8): 

“. . . the ideas of economists and political philosophers, both when they are 

right and when they are wrong, are more powerful than is commonly 

understood. Indeed the world is ruled by little else. Practical men, who 

believe themselves to be quite exempt from any intellectual influences, are 

usually the slaves of some defunct economist. Madmen in authority, who 

hear voices in the air, are distilling their frenzy from some academic 

scribbler of a few years back. I am sure that the power of vested 

interests is vastly exaggerated compaied with the gradual encroachment 

of ideas. Not, indeed, immediately, but after a certain interval; for in the 

field of economic and political philosophy there are not many who are 

influenced by new theories after they are twenty-five or thirty years of 

age, so that the ideas which civil servants and politicians and even agita¬ 

tors apply to current events are not likelv to be the newest. But, soon or 

late, it is ideas, not vested interests, which are dangerous for good or 
evil.” 

It is the writer’s contention that Hansen, as a recognized 
authority on Keynes, probably has had more to do with the present 
widespread acceptance of Keynesian economics in the United 
States than any other American economist. The ideas of Keynes 
were generally accepted by Hansen, who then began to circulate 
his interpretation of them—a role he was uniquely qualified to play. 

For most people, their first exposure to economics comes in the 
form of a principles textbook. For many years students have been 
using books written by Hansen. In 1928, the first edition of Carver 
and Hansen’s Principles of Economics was published. This widelx 
used text was revised in 1937, and a third edition appeared in 
1947. Hansen’s Business Cycles and National Income, original!) 
published in 1951 and expanded in 1964, has also been used ex ten- 
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sively. This hook was required leading in the University of Ala¬ 
bama’s graduate course in business cycles, and it was on the 
1964-65 reading list for Economics One at Harvard. At the present 
time, the book is the basic text for Samford University’s Economic 
Fluctuations course. The widespread use of Hansen’s books is further 
illustrated by the fact that the McGraw-Hill Book Company has 
published four of his books in paperback editions: Monetary 
Theory and Fiscal Policy (1949), A Guide to Keynes (1953), The 
American Economy (1957), and Economic Issues of the 1960s 
(1960). The possibility of influence in foreign nations is indicated 
by the fact that his books have been translated into French, Italian, 
Spanish, German, Russian, Japanese and languages of under¬ 
developed Asian countries. 

Hansen’s views have been sought in Washington on numerous 
occasions. He served as Chief Economic Analyst to the State De¬ 
partment between 1934 and 1935. From 1937 to 1938, he was a 
member of the Advisory Council on Social Security. He held the 
position of Special Economic Advisor to the Federal Reserve Board 
during the years 1940-45. As recently as 1961, he was appointed to 
be a consultant to the Treasury Department. Congressional com¬ 
mittees have often called upon Hansen. His impact is illustrated 
in the following comment by Robert Heilbroner (7): 

“When lie went down to Washington to testify in the monopoly investi¬ 

gations (he appeared complete with green eye-shade and classroom 

pointer), he turned the committee into a hushed private seminar. “The 

discussion is getting so interesting. Doctor,” said the chairman, “that we 

are violating our rules on all sides.” 

Harvard University is considered to be one of the leading insti¬ 
tutions of higher learning in the United States and perhaps also 
the world. Many well known and highly respected people have 
served on its faculty and attended as students. Hansen’s colleagues 
and students therefore include some of the most competent teachers 
and scholars available. He taught with such people as Joseph 
Schumpeter, Gottfried Haberler, and Seymour Harris. In the Intro¬ 
duction to his Fiscal Policy and Business Cycles, Hansen (2) re¬ 
ferred to discussions “with graduate fellows and younger faculty 
members, especially J. Keith Butters, . . . f. K. Galbraith, . . . 
Richard A. Musgrave, . . . Paul A. Samuelson and Paul M. Sweezv. 
Other students of Hansen at Harvard include Robert L. Heilbroner, 
James Tobin, and Kermit Gordon. 

The Hansen influence also may have spread through the writing 
of some of his students, notably Samuelson and Heilbroner. It 
would be difficult to estimate the number of people who have 
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studied and who will in the future study economics using Samuel- 
son's text book in the United States and abroad in one of the many 
foreign language editions. As supplementary reading in economics 
courses, the books of Heilbroner have been used extensively. His 
The Worldly Philosophers (1953) and The Making of Economic 
Society (1962) have reached untold numbers of students. The 
first of these books by Heilbroner has been translated into a dozen 
foreign languages, so that he, as well as Samuelson and Hansen, 
reaches outside our national boundaries. 

In addition to writing widely used books, Hansen students have 
held influential positions in government. Again, the name of 
Samuelson appears prominently. He was an active advisor to Presi¬ 
dent Kennedy before and after the 1960 election. On January 5, 
1961, Samuelson submitted a report to Kennedy on how to cure the 
recession. President Johnson has also sought the assistance of Han¬ 
sen’s best-known student by appointing him in 1964 to head a 
special task force to seek a formula for permanent prosperity. 

Other Hansen students have also been active in Washington. 
Many people have commented on the Harvard look assumed by the 
Kennedy administration, and this was quite evident in his Council 
of Economic Advisors. The Kennedy Council consisted of Walter 
Heller (Chairman), Kermit Gordon, and Tobin. Both Gordon and 
Tobin studied under Hansen at Harvard. Tobin received his Ph D. 
in 1947, and Gordon pursued postgraduate work there in 1940-41. 
After serving on the council, Gordon became Budget Director. 

The chairman of the Kennedy Council, Walter Heller, earned 
his graduate degrees at the University of Wisconsin, but his path 
crossed that of Hansen’s in 1951. In that year, Heller served as 
Visiting Lecturer at Harvard and also as a member of the Economic 
Cooperation Administration mission on German fiscal problems. 
The E.C.A. team of economists was headed by Alvin Hansen. 
According to a June 5, 1961, article in U.S. News and World Report, 
Heller joined the group for the last four weeks of its three month 
stay. 

The Hansen-Harvard flavor on the Council of Economic Advisors, 
which began in earnest in 1961 with President Kennedy, has contin¬ 
ued. Of the eight economists serving since 1961 (Heller, Tobin, and 
Gordon plus John Lewis, Gardner Ackley, Arthur Okun, Otto Eck¬ 
stein, and James Duesenberry), all but three (Heller, Ackley, and 
Okun) studied at Harvard while Hansen was on the faculty. We 
have also established the possibility of some Hansen influence on 
Heller in 1951. Although there appears to have been little Hansen 
influence on Eisenhower economic policies, two members of his 
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council earned Harvard Ph.D.s during Hansen’s tenure: Paul Mc¬ 
Cracken, who served during 1956-59, and Henry Wallich, who 
served from 1959 to 1961. 

Briefly then, the author believes Hansen has had considerable 
influence on current economic policy because his interpretation of 
Keynesian economics has reached so many people. His own publi¬ 
cations cover fifty years from 1915-65, and they have been used 
wisely. He has been an active advisor to government, especially 
during Roosevelt’s administration. His position at Harvard put him 
in association with some of the most respected faculty members and 
most competent students anywhere. His students have written ex- 
tensively-used books and have held important positions where their 
views have helped shape economic policy. At one time under Presi¬ 
dent Kennedy, Hansen students formed a majority on the Council 
of Economic Advisors. 

We now turn to our second question. 

WHAT IS THE NATURE OF HANSEN’S INFLUENCE? 

Having established the fact that Hansen has had the opportunity 
to influence many people, both directly and indirectly, we will now 
look briefly at the nature of his influence. 

A major outgrowth of Hansen’s study of Keynes has been the 
development of fiscal policy. Throughout much of Hansen’s work 
has been the idea that only the federal government, by use 
of its vast powers of taxation and spending, has the ability to 
stabilize the business cycle. He deserves much of the credit for 
formulating and gaining acceptance of fiscal policy as it is now 
used. 

Hansen (3) has referred to the Employment Act of 1946 as “a 
great Magna Charta of government planning for full employment. 
This act gave birth to the Council of Economic Advisors, the Joint 
Economic Committee of Congress, and the President’s Economic 
Reports. These Economic Reports provide an interesting insight 
into possible Hansen influence upon economic policy, especially 
during Kennedy’s administration. 

Let us now make a brief comparison of several recommenda¬ 
tions Plansen made in I960 in his book Economic Issues of the 1960s, 
and recommendations appearing in the 1962 Economic Report of the 
President (Kennedy’s first). Keep in mind the presence of two of 
Hansen’s students on the Council and the role of Samuelson as an 
advisor. 
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1. (a) Hansen urged automatic tax-rate adjustment. 
(b) Kennedy asked that the President be granted authority 

to temporarily reduce individual income tax rates to 
combat recessions. 

2. (a) Hansen urged faster tax write-offs on plant and equip¬ 
ment to encourage faster growth. 

(b) Kennedy asked for and received the investment tax 
credit and liberalized depreciation guidelines. 

3. (a) Hansen favored a withholding tax on interest and 
dividends and stricter rules on expense accounts. 

(b) Kennedy ask for these. He received a tightening 
of rules on expense accounts, and banks and businesses 
were required to file information returns on dividends 
and interest paid. 

4. (a) Hansen urged a government program to retrain the un¬ 
employed. 

(b) Kennedy asked for and received the Manpower De¬ 
velopment and Training Act. 

The above listing could be continued, but enough has been said 
to indicate the probability that “the Hansen influence” was defin¬ 
itely present in the White House during the administration of 
President Kennedy. 

Additional evidence of possible Hansen influence may be found 
in the commencement address delivered by Kennedy at Yale Uni¬ 
versity on June 11, 1962. The first draft of this address dealing 
with economic myths was written by John Kenneth Galbraith, a 
Harvard professor and associate of Hansen. 

The first myth discussed by the President was the value of the 
administrative budget. 

“We persist in measuring our federal fiscal integrity today bv the con¬ 

ventional or administrative budget. . . . This budget —in relation to the 

great problems of federal fiscal policy—is not simply irrelevant; it can be 

actively misleading. And yet there is a mythology that measures all of 

our national soundness or unsoundness on the single simple basis of this 

same annual administrative budget.” 

Hansen, as most other present-day economists, uses the cash, 
not the administrative budget, in discussing the federal government's 
impact on the economy. 

The second myth referred to by Kennedy was that deficits al¬ 
ways cause inflation. 

“Still in the area of fiscal policy, let me say a word about deficits. The 

myth persists that federal deficits create inflation and budget surpluses 

prevent it. Yet sizable budget surpluses after the war did not prevent 
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inflation, and persistent deficits for the last several years have not upse*t 

our basic price stability. Obviously deficits are sometimes dangerous - and 

so are surpluses. But honest assessment requires a more sophisticated 

view than the old and automatic cliche that deficits automatically bring 

inflation.” 

For years Flansen has stressed the need to look at the relation¬ 
ship between a nation’s actual output and its potential output and 
also the source of borrowed funds before deciding if a government 
deficit would be inflationary. 

A third myth mentioned in Kennedy’s address was concerned 
with the public debt. 

“There are myths about our public debt. It is widely supposed that 

this debt is growing at a dangerously rapid rate. In fact, both the debt per 

person and the debt as a proportion of our gross national product have 

declined sharply since the Second World War. . . . moreover, debts, 

public and private, are neither good nor bad, in and of themselves. . . . 

There is no single, simple slogan in this field that we can trust.” 

A I960 statement by Flansen (4) illustrates his views on this 
topic. “What has real meaning is not the absolute size of the debt, 
but rather the ratio of debt to the Gross National Product.” 

We have referred to Kennedy’s 1962 Economic Report and his 
1962 Yale Commencement Address in an attempt to illustrate the 
nature of Hansen’s influence. His successor, Lyndon Johnson, 
appears to be pursuing similar economic policies. As mentioned 
earlier, he has called upon Samuelson for advice; and one member 
of the present Council of Economic Advisors, James Duesenberry, 
studied at Harvard during Hansen’s tenure. 

In brief, the writer believes the nature of Hansen’s influence 
is found in a greater understanding of and a greater willingness to 
use the tools of fiscal policy. 

CONCLUSION 

This paper has attempted to show that Alvin Hansen has had 
considerable influence, both direct and indirect, on current econo¬ 
mic policy in the United States. He accepted the Keynesian 
analytical framework in the 1930s, and using this framework he 
was a leading architect and proponent of fiscal policy. Because of 
his position at Harvard, the ideas contained in his teaching and 
writing have reached many people who are now in positions where 
they help formulate economic policy. Every college student who 
studies books by Samuelson and Heilbroner is being exposed in¬ 
directly to Hansen, so we may say that the acceptance and use of 
fiscal policy is likely to continue spreading in our nation. 
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The Larval Habitats Of Some Tabanidae (Diptera) 
From Alabama And Northwest Florida 

KIRBY L. HAYS and MAC A. TIDWELL 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

INTRODUCTION 

When numerous, the Tabanidae (horseflies and deerflies) are 

notorious pests of man and animals. The bite is painful and considerable 

quantities of blood may be drawn from the host. In addition, tabanids 

have been involved in the transmission of diseases of man and animals. 

Chemical control of these insects has been generally ineffective or not 

eeonomicallv feasible. 
J 

Little is known concerning the life history of many members of 

this group, even though the first observations were made in Europe 

as early as 1760 (Marchand, 1920), but it was 1895 before Hart re¬ 

ported the first larvae of North American Tabanidae. The world 

knowledge on immature tabanids prior to 1920 was brought together 

as a monograph by Marchand (1920). He reported that, in most of the 

early papers, descriptions of the habitats of larvae were not clearly de¬ 

fined. The work of Stone (1930), Philip (1931), Sehwardt (1931), 

MacCreary (1940) and others drew attention to the relationships of 

tabanids to various factors of the habitat, especially to plants, soil, and 

water. Since these early papers many persons have investigated the 

bionomics of Tabanidae in various parts of the world. In the South¬ 

east, Jones (1953), Lewis (1959), and others have recorded informa¬ 

tion concerning the life cycle and habitats of certain species. However, 

there is a general paucity of information concerning southeastern 

species, even those that are considered common. 

This paper records the information gathered during an investiga¬ 

tion of larval habitats of Tabanidae begun in 1960 and continued 

through the summer of 1963. The authors wish to thank L. L. Pechuman 

for separating adults of the Chn/sops flavidus complex and C. B. Philip 

for verifying our identification of Men/comyia whitnei/i (Johnson). 

METHODS 

Collections of larvae were made in several selected regions in 

eastern Alabama and northwestern Florida. The immature tabanids 

were obtained bv hand-sorting or screening the substratum suspected 

of containing Tabanidae. The specimens were placed in numbered 

vials with a small amount of the substratum, and notes were made con- 
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cerning the habitat. In the laboratory, the immature tabanids were 

placed in 20 x 55 mm glass vials to which filter paper and water were 

added. Each vial was cleaned once each week, and fresh water and 

filter paper were added. Observations were made at frequent intervals 

and activities were recorded. Once each week, all larvae were offered 

earthworms, snails, leeches, crayfish meat, housefly larvae, or chiro- 

nomid larvae as food. Most of the Chnjsops larvae refused to eat and 

were placed in vials containing organic soil to complete their develop¬ 

ment. 

When a larva transformed into a pupa, it was removed from the 

vial and placed in another vial on a mat of damp filter paper to await 

the emergence of the adult. The teneral adults were allowed to harden, 

killed in cyanide, pinned with the pupal case, labeled, and identified. 

The reared, identified specimens have been placed in The Auburn 

University Entomological Museum. 

Description of Habitats 

All of the tabanid larvae taken during this investigation were from 

artificial impoundments of water except those taken along the stream 

at Meadows Mill. All of the ponds had been impounded for 8 or more 

years and Lake Auburn was over 30 years old. Each pond is fed by 

run-off water from the surrounding watershed and most have diversion 

ditches to prevent flash floods. Most ponds have been cleared of trees 

around the edge. However, the North Auburn Dairy Pond is shaded 

by pine and sweet gum trees on the west and south sides. The edges 

of Auburn University ponds S-6 and Farm Pond No. 1 have been deep¬ 

ened and support little emergent vegetation, but most of the other 

ponds have emergent plants growing along the edges. All of the ponds 

have received some artificial fertilization, but none was regularly ferti¬ 

lized, except Auburn University Farm Pond No. 1 which receives run¬ 

off water from a nearby hog farm. 

Meadows Mill and Chewacla creek are similar situations. Both 

are mill ponds formed by a masonery and stone dam across a stream. 

Water passes over the dam almost all year. Below the dam the water 

flows over stones through an area of dense hardwood trees that shade 

the water most of the day and produce deep leaf litter along the edge 

of the stream. Above the dam the edges of the pond are shaded by 

young trees along the banks. 

RESULTS 

A total of 530 larvae were collected and brought into the labora¬ 

tory and 318 successfully pupated and emerged as adults. The informa- 
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tion concerning the larval habitats is presented in the following dis¬ 

cussions. 

Chrysops brimleyi Hine 

Four adults were reared from two larvae and two pupae obtained 

at the edge of lakes and along a rapidly flowing stream. The larva and 

pupae taken along lake shores were in mucky organic material at the 

water level. Marsh sedges and grasses grew in the vicinity. One larva 

taken along a stream was found in a small sandy outwash with a small 

amount of organic material. This larva may have been washed from a 

mill pond about 100 meters upstream. Both larvae pupated without 

feeding. The pupal period was eight days in length and the adults 

emerged in mid-April in the laboratory. The larval collections were 

made at Lake Auburn, North Auburn Dairy Pond, and Meadows Mill 

in Lee County, Alabama. 

Chrysops callidus Osten Sacken 

One hundred and forty adults were reared from larvae and pupae. 

The larvae were found in a wide variety of habitats. All were taken 

from lakes and most were removed from the matted roots of emergent 

aquatic vegetation. Some specimens were taken under more than one 

meter of water, three to four meters from the shore line. Several larvae 

were removed from moss around the bases of dead trees standing in 

the water. C. callidus adults oviposited on low grasses along the edge 

of the ponds and the wave action of the water probably carried the 

newly hatched larvae to all areas of the pond edge. The larvae of this 

species refused food in the laboratory. The pupal period was six days, 

and adults emerged in the laboratory from 12 February to 27 May. 

Collections were made from Auburn University Pond S-6, North Au¬ 

burn Dairy Pond, and Lake Auburn in Lee County Alabama. 

Chrysops cincticornis Walker 

Twelve specimens were collected as larvae or pupae from the 

shallow margins of the North Auburn Dairy Pond. The larvae were 

all removed from very wet muck among cattails and sedges along the 

edge of the pond. These larvae were found in mixed populations with 

C. callidus, T. aranti, and T. petiolattis. The larvae were not observed 

to feed in the laboratory. The average period of pupation was four 

days, and adults emerged in the laboratory from 12 through 29 April. 

Chrysops flavidus flavidus Wiedemann 

Sixty-one adult specimens were reared from larvae and pupae. The 

larvae were found in several types of habitats along the edges of four 
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ponds in Lee County, Alabama. The females were observed to oviposit 

on emergent vegetation and vegetation overhanging the water. Wave 

action probably distributed the larvae over wide areas of the pond. 

The larvae were not observed to feed in the laboratory. The pupal 

period was about seven days, and adults emerged in the laboratory 

from 15 February through 23 June. 

Chrysops flavidus reicherti Fairchield and Chnjsops flavidus celatus 

Pechuman. 

Three specimens of reicherti and four of celatus were reared from 

larvae. The seven larvae were from mixed populations with C. f. flavidus, 

and in one instance all three subspecies were taken together. All speci¬ 

mens were taken from the North Auburn Dairy Pond, Lee County, 

Alabama. 

Chrysops vittatus Wiedmann 

A single larva of this species was collected from a mass of wet 

organic debris, primarily decomposing cattails, along the edge of Chat¬ 

tahoochee State Park Public Lake, Houston County, Alabama. 

Chrysops univittatus Macq. (=C. wiedemanni Krober) 

Three larvae of this species were collected and reared to adults. 

Two were in organic muck and decomposing vegetation along the 

edge of the North Auburn Dairy Pond, while the third was collected 

from moss growing around a dead pine tree standing in the water one 

meter from the bank. The period of pupation was seven days. 

Merycomyia whitneyi (Johnson) 

A single larva of this species was collected from the bottom of the 

Escambia County, Florida, 4-H Lake. The larva was taken from sandy 

clay soil between emergent plants, 750 mm beneath the surface of the 

water. The larva fed twice on housefly larvae before pupating. The 

pupal period lasted 11 days. 

Chlorotabanus crepuscularis (Bequaert) 

Five larvae of this species were collected at the North Auburn 

Dairy Pond. Two specimens were found in the mucky organic ooze 

at the edge of the lake; three were found floating on the water in shaded 

areas along margins of the lake. The larvae fed on annelids, snails, 

tipulid larvae, and housefly larvae in the laboratory. The period of 

pupation was nine days and adults emerged in the laboratory from 17 

February to 5 June. 
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Leucotabanus annulatus (Say) 

Fifteen adults were reared from larvae or pupae. All the imma¬ 

ture forms were collected from inside hollow beech or oak trees. The 

larvae were only found in trees containing wet decayed wood in the 

bottom of the hole. Some of the larvae fed on annelids in the labora¬ 

tory. The period of pupation was 13 to IS days and the adults emerged 

in the laboratory from 17 May through 1 July. 

Tabanus aranti Hays 

Twenty-seven larvae were reared to adults. The larvae were col¬ 

lected from organic muck among cattails and sedges growing along 

the edge of the North Auburn Dairy Pond, among the roots of grasses 

growing along the edge of Chewaela Creek, and beneath a clump of 

grass growing in the spillway of Auburn LTniversity Farm Pond No. 1. 

The larvae fed upon housefly and tipulid larvae and annelids in the 

laboratory. The pupal period of this species was 10 to 14 days. Four 

larvae, collected in the spring of 1962, were kept over-winter in the 

laboratory refrigerator at 6° C. and successfully pupated in the spring 

of 1963, indicating that this species may require two years to complete 

the life cycle. Adults emerged in the laboratory from 27 February 

through 23 June. 

Tabanus atratus Fabrieius 

A single larva of this species was collected at the North Auburn 

Dairy Pond in the same microhabitat occupied by T. aranti and T. 

petiolatus. The adult emerged on |une 20. 

Tabanus lineola Fabrieius 

Nine larvae were reared to adults. They were collected at the ed<re 

of the North Auburn Dairy Pond in mixed populations with T. aranti 

and T. petiolatus. Other larvae were removed from rotten logs. Some 

of the logs were submerged in lakes, but one was in a temporary pool 

that was dry two weeks following the discovery of the larva. The larvae 

fed upon housefly larvae and annelids in the laboratory. The pupal 

period was eight days, and adults emerged in the laboratory from 5 

May to 4 July. 

Tabanus nigripes Wiedemann 

Two larvae of this species were reared to adults. One larva was 

taken in a mixture of mud and organic material at the edge of the 

North Auburn Dairy Pond, while the other larva was removed from 

mud on top of a submerged log in Webster’s Pond, Lee Countv. Ala 
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bama. The larvae fed on annelids in the laboratory. The pupal period 

was nine days, and the adults emerged in early May. 

Tabanus petiolatus Hine 

Nineteen adults were reared from larvae. The larvae were found 

along the margins of the North Auburn Dairy Pond. All larvae were 

found in rotting vegetation within 150 mm. of the edge of the pond. 

Some larvae were under water and some in the bank above. The period 

of pupation was seven to 12 days, and adults emerged in the laboratory 

from 14 May to 8 June. 

Tabanus spams milleri Whitney 

Six adults emerged from larvae collected at the North Auburn 

Dairy Pond. The larvae were removed from matted roots of grasses 

and from organic muck along the edges of the pond. The period of 

pupation was six to seven days. The adults emerged in the laboratory 

in late May and early June. 

Tabanus trimaculatus Palisot de Beauvois 

Five adults were reared from pupae or larvae collected in the field. 

The larval habitat was a small marshy area along the North Auburn 

Dairy Pond. The larvae were in organic muck and decaying vegetation. 

One pupa was found in a cell in soil about 300 nun. above the water 

level on the sloping bank. The cell was considerably larger than the 

pupa, and about 10 mm. beneath the soil surface. The larvae fed on 

annelids in the laboratory. The period of pupation was 9 to 12 days, 

and the adults emerged in the laboratory from 27 April to 23 May. 
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The Utley Coal Bed In The Western Warrior Field1 

REYNOLD Q. SHOTTS2 

School of Mines 
University of Alabama, University 

During the summer of 1961, while the writer was working for the 

University of Alabama Research Committee on a problem concerning 

the geology and coal resources of lands owned by the University of 

Alabama, frequent observation of the outcrops of thin coal beds along 

Alabama Highway 69 between Turkey and Wolf Creeks aroused cur¬ 

iosity regarding their identity. Some time was taken, therefore, to check 

these outcrops and others found on roads joining or paralleling Ala¬ 

bama Highway 69. Interest was limited to the lesser known Cobb and 

Gwin groups of beds. 

If McCalley’s map of the Warrior coal field (4) is consulted, the 

thin bed most frequently seen between Turkey and Yellow creeks ap¬ 

parently is the Gwin, the uppermost bed of McCalley’s Gwin group. 

Some of the outcrops could also be on the Thompson Mill bed which 

McCalley places 30-40 feet under the Gwin. A study of all the outcrops 

of thin beds seen, however, soon convinces one that unless there are 

many well placed, but obscure, structural features to interfere with 

the regional dip, some of the outcrops must belong to higher horizons 

than others and all can hardly be on the same bed or even on two 

beds only 30-40 feet apart. This could mean that the various outcrops 

belong to both the Thompson Mill and the Gwin beds, if both are 

widely split, as McCalley suggests, in their western outcrops. The pres¬ 

ence of at least one very prominent and widespread sandstone, how¬ 

ever, suggests less closely allied groupings than that of split beds, per¬ 

haps a separate group. 

McCalley’s generalized section (4) made near the center of the 

Warrior field, shows an interval of 30 feet between the Thompson Mill 

and the Gwin beds and of 250 (155-315) feet between the Gwin and 

the Clements, the lowest bed of the overlying Brookwood group. 

The interval from the Thompson Mill to the Upper Cobb bed is 

given as 160 feet. McCalley’s section “along the western edge of the 

visible coal measures” is shorter, showing intervals of 155 feet from the 

’Sponsored by the University of Alabama Research Committee 

"The writer is indebted to Andrew Sellers, Land Agent, University of 
Alabama for his guidance to bed outcrop and other strategic localities for 
his broad knowledce of mining areas and of local minim* lore and for h s 
stimulating questioning of some of the traditional coal bed identifications 
encountered. 
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Semmes (6) included a chapter by C. S. Blair on the general struc¬ 

ture of the coal fields of the State, with major attention being given to 

the Warrior field. Included in the chapter was a structure map on a 

scale of 1 mile=1.35 inches (1:46,000±) covering an area of 272 square 

miles in northern Tuscaloosa and southern Fayette Counties. It was 

“based on the work of the Sinclair Oil and Refining Company and 

others.” Structure contours were “based on top of the Utley No. 1 coal 

horizen with 10 foot contour intervals. The Utley coal apparently was 

mined to a slight extent (1, 5) in Sll T18S R10W at the ’Utley Mines.” 

The bed may have been mined also under the name, “Cripple Creek" 

and possibly, ‘North River" (1). McCalley (5) did not mention the 

existance of an “Utley bed” at all, but gave a section of the Thompson 

Mill bed at the “Utley Mine” at the tvpe locality given above. This 

confirms what his map appears to show: in this specific area he mapped 

the “Utley bed” as the Thompson Mill. It seems desirable to learn if 

the Utley bed was mapped to coincide with the Thompson Mill bed 

in other areas. 

Except for the map in the report of Semmes (6), there apparently 

was no further mention of the Utley coal bed in the literature until the 

appearance of Culbertson’s (3) recent report. He not only identified 

the beds in the vicinity of the old Utley Mines in Tuscaloosa county 

as a separate group between the Gwin and Brookwood groups, which 

he named the Utley group, but also identified a bed outcrop near the 

top of the hills in southern Jefferson county (T6S, R8W) as a member 

of the Utley group. 

Of the Utley group of beds, Culbertson (3) says: 

“According to the nomenclature of McCalley (1898, 1900) and 

Butts (1905, p. 368), the Brookwood coal group is the next group above 

the Gwin. However, an unnamed group of two to six coal beds in a 

vertical interval of 20 to 150 feet is present about 250 to 320 feet above 

the Gwin coal group and 200 to 300 feet below the Brookwood coal 

group (pi. 3). This coal group is here named the Utley coal group from 

the exposure of the main bed at the abandoned Utley mine in the 

center of the SW Vi of Sec. 11, T 18S, R10W, Tuscaloosa County”. 

“In the few holes that have cored these beds, the Utley coal group 

consists of a lower bed of erratic thickness and of one to five coal beds, 

each less than 10 inches thick. In southern Jefferson Countv a bed 

identified as a member of the Brookwood coal group on MeCallev’s 

(1898) map of the Warrior coal field underlies the higher parts of the 

hills (pi. 4 and table 4). This bed, here correlated with the Utle\ coal 

bed, is more than 30 inches thick and contains several inches ot part- 
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Figure 2. Map of the central Warrior coalfield showing the outcrop 
of the Gwin coalbed from McCalley’s (1899) map and the Utley coalbed 
frcm Semmes (1929) map and the present work. 
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ings. This coal bed is medium-volatile bituminous in rank, has a low 

sulfur content and a moderate ash content (table 3).” 

Although the Utley bed was seen in more than a dozen places in 

the summer of 1961, not nearly enough localities were mapped to en¬ 

able its outcrop to be traced. However, with the aid of the Sinclair 

structure map, suitable outcrop line can be constructed over part of 

the area. 

When the Sinclair structure map was made, the only topographic 

map available for the entire area was that of the Jasper quadrangle 

on a scale of 1:125,000 and with a contour intervals of 50 feet. It is 

dated 1S93 and does not show range, township and section lines. 

The entire area has not yet been mapped but the situation has 

greatly improved since 1920. The Wiley and Oakman quadrangles are 

available on modem, 1:24,000 maps with 20 foot contours (1951). The 

southern part of the area is shown on the Searles (1934) and Samantha 

(1928) maps, on a scale of 1:62,500 and with 20 foot contours. For 

field use, portions of these maps were enlarged photographically to a 

1:24,000 scale. As each of them probably will eventually be divided 

into four modern maps on the 1:24,000 scale, the writer presumed to 

name these divisions in advance. The “Windham Springs” quadrangle 

of this paper is Searles NW and the “Thompson Mill” is Searles NE. 

The Samantha NE is called “Samantha” and Samantha NW is termed 

“Havgood Chapel.” 

Much of the western part of the area covered by the structure map 

is not topographically mapped at all except in the Army Map Service 

series which covers an area 2° longitude wide and 1° latitude high, on 

a scale of 1:250,000 and with 100 foot contours. Township and range 

lines but not section lines are shown. A portion of the Birmingham 

sheet was enlarged to 1:62,500, a section grid was plotted from county 

highways maps, and contour lines drawn in to produce a very crude 

working contour map on a 1:24,000 scale. The 4 quadrangles in the 

unmapped 15-minute area just north of the Smanatha and west of the 

Wiley and Oakman quadrangles, are designated in this report as follows: 

SE corner, “Sterling” quadrangle; NE corner, “Berry”; SW corner, “Pen¬ 

nington” and NW corner, “Bankston.” Working maps of all portions of 

the quadrangles in which the Utley bed possiblv outcrops were pre¬ 

pared or obtained on a scale of 1:24,000. 

Measured elevations of all outcrops found in the field and as¬ 

signed to the Utley bed were checked against the elevation contours 

shown on the Sinclair structure map. In every case, correspondence 

was so close that both sources of data could be used with some con¬ 

fidence. Structure contours were drawn on the topographic maps and 
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probable outcrop lines drawn in. Adjustments to topography between 

points near known faults and other structural features were made. 

Figure 1 shows the outcrop trace so produced, in the Wiley quadrangle. 

In order to get the entire area on one map of manageable size, 

the Utley outcrop lines and these for the Gwin bed from McCalley’s 

map were placed together on a map on a scale of 1:62,500. Figure 2 

is the map with the Gwin bed outcrop shown as a dotted line and that 

of the Utley bed, as a solid line. 

It is evident that in some places the Utley bed is distinctly above 

the Gwin horizon. The distance often is not great but in some places 

like the high ridge south of Cedar Creek and the Southern Railroad 

and east of Berry (SE part, “Berry” quadrangle), the interval must be 

considerable. Other such places are possibly the high ridge separating 

Big and Little Yellow Creeks in the north central parts of the Wiley 

quadrangle and that separating Tvro and Bear Creek drainages in NE 

“Sterling” quadrangle. 

It is possible that the Sinclair geologists mapped more than one 

horizon. The writer’s observations, however, appear to confirm the 

Sinclair mapping. Air outstanding feature of the Utley bed everywhere 

it was seen in the field (except some outcrops close to drainage, in¬ 

cluding the type area at Utley mines!), is that it is closely underlain 

by a thick, massive sandstone. This sandstone is mentioned by Culbert¬ 

son (1964). As one rides along any of the roads following high ridges 

underlain by this sandstone, such as Alabama Highway 69 from Wind¬ 

ham Springs to Whitson, the road from Whitson northwest to Alta, or 

the Stirling road from its junction with the Cheatham road at Sand- 

town, on southwestward toward U. S. 43, he is impressed by the omni¬ 

present weathered sandstone that peeps out at almost every road cut 

more than a foot or two deep. Butts, in his Birmingham Folio (2), 

described the prominent Razburg sandstone which underlies the Gwin 

bed in the southwest corner of the Birmingham quadrangle and over 

the central and northwestern part of the Yolande quadrangle. No doubt 

McCalley saw this sandstone in many places around Razburg (on Mud 

Creek in T19S, R6W, Jefferson County) and evidently considered the 

sandstone under the Utley bed near Utley mines to be its equivalent. 

If he did this, he does not appear to have done so consistently, as north 

and northeast of Windham Springs he appears to map the Thompson 

Mill bed too far down on the flanks of the divides for an interval of 

only 30-40 feet below the Gwin (Utley). Perhaps he picked the base 

of a lower sandstone in some of the areas as the Razburg or assumed 

that certain coal outcrops found belonged to a lower split of the Thomp¬ 

son Mill bed as much as 60-100 feet below the normal place (51. 
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Figures 3, 4, and 5 show crossections which suggest the possible 

interpretation that the Gwin and Thompson Mill beds were, in most 

places, mapped correctly and that the Utley beds constitute another 

distinct “group” separated from the Gwin group by a thick persistent 

sandstone as noted by Culbertson (1964) and possibly from the over- 

lying Brookwood group by the thick sandstone outcropping along 

Turkey Creek, on Alabama Highway 69. 

The section in Figure 3 is along Alabama 69 from Turkey Creek 

to Wolf Creek. As the location sketch map shows, the section is not 

straight nor is it parallel to the direction of dip of the strata. The part 

from Turkey Creek to Indian Creek is almost parallel to the axis of 

the Warrior syncline which runs in a northeast-southwest direction 

about 8-10 miles southeast of Alabama Highway 69 (6). The dips along 

this part of Alabama Highway 69 should be very close to the plunge 

of the svncline. The portion from Indian Creek to Wolf Creek is almost 

normal to the synclinal axis and thus the dip of these strata should 

represent the portion of the dip directed toward the axis. 

The most doubtful and puzzling situation is found near the con¬ 

fluence of Big and Little Yellow Creeks which occurs only a few hun¬ 

dred yards southeast of Alabama Highway 69. McCalley shows the 

Upper Cobb bed as outcropping in the stream confluence angle; hence 

both coal outcrops found between Big Yellow and the steep hill south 

of Little Yellow Creek may be identified as the Upper Cobb bed. If 

their elevations are correctly determined, however, two other outcrops 

in the side of the hill east of Little Yellow Creek should be the Upper 

Cobb bed and the ones near Big Yellow Creek, the Lower Cobb. If 

the 390 foot elevation of the Cobb bed which has been strip mined 

north of Indian Creek is correct, the rise to Big Yellow Creek is only 

about 15 feet to the mile. This apepars to be somewhat too small; if 

the coal outcrops on Big Yellow Creek are on the Cobb bed, they must 

lie on a small anticline at this point. 

The two beds just east of Big Yellow Creek may actually be only 

one bed, if the outcrop altitudes are slightly in error although an error 

of 30-40 feet, even for barometric measurements, seems unlikely. They 

could also represent the same beds as those outcropping in the conflu¬ 

ence angle of the two Yellow Creeks but that would make the dip be¬ 

tween them and Yellow Creek about 100 feet to the mile, which is too 

great. McCalley does map a short outcrop section of Lower Cobb coal 

at about this location in spite of the fact that it is at a higher elevation 

than the Upper Cobb mapped at the creek confluence. Naturally, a fault 

of small displacement between them could make them the same bed. 

The higher one, however, is almost at the place where McCallev show s 



the Warrior river at Franklin Ferry. (3) Section from Antioch Church in 

Sec. 25, T19S, R8W, N. E. to Mud Creek in Sec. 9, 10, T19S, R6W. 
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his outcrop of the Thompson Mill and Gwin beds. The writer finally 

decided to label the two beds of Figure 3 outcropping just east of Big 

Yellow Creek, the Gwin and the Thompson Mill. As indicated in Figure 

3, both beds could be splits of the Thompson Mill bed. The two out¬ 

crops west of Little Yellow Creek may be on the Cobb bed but their 

identity probably is best considered unknown. 

The section in Figure 4 begins at Blue Creek and repeats the Ala¬ 

bama Highway 69 section to within about a mile of the Walker County 

line where it turns east and then southeast. A few miles inside the 

Tutwiler School quadrangle it turns east. The portion of the section in 

the “Maxine” (Port Birmingham SW) quadrangle is not pertinent to 

the present problem. 

The identification of the beds outcropping between Thompson 

Mountain and Fraileys Creek is consistent with MeCalley’s mapping 

of the Gwin and Thompson Mill bed outcrops. The outcrop farthest 

i east appears to be too high above the Gwin outcrop just east of Big 

Yellow Creek to be the Gwin bed, so that it coidd be the Utley bed. 

j Those outcrops to the east of it, however, could hardly be on the Utley 

bed because they are too low and must, therefore, correspond to some 

bed under the Utley horizon. It is not forgotten, of course, that the 

presence of faults of relatively small displacement can obviate any cor¬ 

relation based on projection of planes of regional dip to distant topo¬ 

graphy. 

The top section in Figure 5, from Cedar Creek near Alta (S13, 

T16S, R10W) in Fayette County to Whitson on Alabama Highway 69, 

shows the relation of the Utley coal zone to one or two underlying beds 

in the steep hill south of Cedar Creek. The upper of these beds was 

a white clay zone with no coal visible but probably marks an under¬ 

clay zone with coal present in some areas. Clearly, both these zones 

are 100 feet or more below the Utley horizon and they are identified 

as the Gwin and Thompson Mill beds. The closest alternate possibilities 

are the two Cobb beds. One of the Cobb beds outcrops extensively 

at approximately 510 feet elevation about two miles north of Cedar 

Creek and thus should be considerably lower than the two zones shown 

in the section on the south side. To the northeast of the section the 

Cobh bed has been mined at about 530 feet. As this locality is almost 

directlv up dip and about four miles distant, this bed should also be 

lower than two zones on Cedar Creek. 

The second section in Figure 5 probably is entirely below the 

Utley coal horizon but it shows some of the coal groups and sandstones 

just under that horizon. 
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The last section. Figure 5, extends from Antioch Church near 

Kellerman, Tuscaloosa County, to Mud Creek, (S10, T18S, R6W), 

Jefferson County. It probably crosses some rather extensive faults (6). 

Culbertson (private communication) suggested these faults probably 

caused McCalley to miss the Utley group of beds. Merely riding along 

the road, the writer missed the faults also, but by working known 

Brookwood group outcrops eastward and rather certain Gwin outcrop 

westward, part of the bed and sandstone identifications shown in the 

last section, Figure 5, may be correct. 

In conclusion, it appears that if the writer’s analysis has been cor¬ 

rect, the Utley bed is the lower of a group of coal beds overlying a 

persistent and rather widespread sandstone, the significance of which 

appears to have been missed by McCalley when he was mapping and 

correlating the beds in the area. Culbertson (1964) identified and named 

the group of beds, both in Jefferson and Tuscaloosa Counties. So far, 

this writer has seen no direct evidence for more than one Utley bed 

unless the bed outcropping near the top of the hill on Alabama High¬ 

way 69 on the north side of Turkey Creek is an “Upper Utley” rather 

than the Clements bed of the Brookwood group. The Thompson Mill 

and Gwin beds generally seem to have been mapped correctly by Mc¬ 

Calley in the Tutwiler School, eastern Wiley, Oakman and “Berry’ 

quadrangles. Except for those beds seen in the Tutwiler School quad¬ 

rangle, some of the outcrops identified as the Gwin group could be 

Cobb group if structural features modify regional dip or if regional dip 

itself is somewhat variable both in direction and degree. 
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Biology 
Phytosociological Studies On The Vihar-Lake 

Forest Of Bombay, India 

N. K. LAKSHMANAN 

Natural Science Department 

Talladega College, Talladega, Alabama 

This paper, which is a part of a larger study, deals with the ap¬ 

plication of phytosociological techniques for detailed analysis of vege¬ 

tation in the above forest, and with some of the soil factors involved. 

One major Association, one Sub-Association, and three Facies rep¬ 

resenting three seasons (monsoon, premonsoon, and postmonsoon) were 

observed in addition to seven smaller groups of Societies here and there. 

F.I.C.C. value for these Societies is pretty high due to the homogeneity 

of the forest. pH does not seem to vary much. Moisture content and 

the soil temperature are the major factors in the formation of three dif¬ 

ferent Facies. The forest is a dry mixed decidious one. 

A New Shrub For Alabama And 
East Of The Mississippi River 

BLANCHE E. DEAN 

Birmingham, Alabama 

In the summer of 1964 this shrub was found near Scarum Bluff 

off county road No. 8 near Hayden in Blount County. A specimen was 

sent to Dr. Roland M. Harper at the University of Alabama who identi¬ 

fied it as a species of Andrachne. Other specimens were sent to her¬ 

baria at the New York Botanical Gardens and the United States Na¬ 

tional Museum, Smithsonian Institution, Washington, D. C. The curat¬ 

ors identified the shrub as Andrachne phyllanthoides (Nutt.) Coult. 

Description: Family EUPIIORBIACEAE Spruge Family. 

Andrachne phyllanthoides (Nutt.) Coult. A monoecious shrub grow¬ 

ing to about 1 meter in height with many branches. Bark smooth, light 

brown in color. Leaves broadly elliptic, about 1 cm. to 2.7 cm. long 

and about half or less as wide. The texture is firm, smooth above, pe¬ 

tiole very short almost sessile, entire, not bristled. The staminate flowers 

in clusters; petals, conspicuous, greenish yellow, longer than the sepals; 
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the pistillate flowers solitary, petals obsolescent. Capsule depressed, 

globose, splitting into three 2-valved carpels, about 6-8 mm in diameter, 

six seeds. The roots are large, fleshy growing around and under large 

boulders in sand even into the water where it is flooded with every 

rain. It blooms from April to October. Reported now for the first time 

east of the Mississippi. Grows in Montana, Oklahoma and Texas. 

Preliminary Survey Of Terrestrial Invertebrate 
Cave Fauna Of Alabama 

STEWART B. PECK and JAMES H. PECK 

The Museum of Comparative Zoology 

Harvard University, Cambridge, Massachusetts 

and 

Department of Plant Pathology 

Iowa State University, Ames, Iowa 

In the caves of Alabama lives a rich and often highly adapted 

fauna. During the summer of 1965 we sampled this fauna by making 

138 visits to 83 caves in 14 Alabama counties. The study centered 

about the ecology of troglobitic Ptomaphagus beetles (Catopidae), but 

many other invertebrates were encountered and collected. These col¬ 

lections have contributed many new records and range extensions to 

the known cave fauna of Alabama. The major contributions are as fol¬ 

lows : 

Snails; 14 species from 32 new localities, including six new records 

for two troglobitic species, and two new species. 

Millipedes; at least 10 species from 90 new localities, including 33 

for Scoterpes, 21 for Tetracion, 13 for Pseudotremia, and 9 for Cambala. 

Pseudoscorpions; over 6 species from 19 new localities. 

Spiders; 17 species from 64 new cave localities, with 19 localities 

for 7 new species. 

Collembola; 7 species from 20 new localities. 

Crickets; 3 species of Ceuthophilus from 9 new localities and 15 

new localities for Hadenoecus. 

Carabid beetles; 11 species from 47 new localities, including 31 

new localities for 9 species of troglobitic Pseudanophthalmus of which 

6 are new species. 

Catopid beetles; 8 species from 12 new localities. 

Staphylinid beetles; over 8 genera from 34 new localities, 27 of 

which are for members of the subfamily Aleocharinae. 

Additional records of lesser groups have been made including An¬ 

nelida, Isopoda, Chilopoda, Aearina, Diplura, Thysanura, Psocoptera, 

Hymenoptera, Diptera, and several Coleoptera families. 
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Since the 1965 study, additional collections, records and identifica¬ 

tions have been accumulated. These will be listed with the 1965 ma¬ 

terial in a detailed account to be published elsewhere. This is the first 

contribution in a series by the Biological Survey of Alabama Caves 

(BSAC). The aquatic invertebrates, and vertebrates will be reported 

by other investigators of the BSAC. The field work was supported in 

part bv a Summer Fellowship for Graduate Teaching Assistants from 

the National Science Foundation. 

Changes In Oyster Bottoms Of Alabama Since 1894 

HUGH A. McCLELLAN and GEORGE A. ROUNSEFELL 

Department of Biology and Marine Sciences Institute 

University of Alabama, University 

Analysis of catch records shows the Alabama oyster harvest fluct¬ 

uating widely about a mean of 1,000,000 pounds per year since 1S90. 

From 1920 to 1936 and again from 1956 to 1964, the catch was below 

average. Long-term trends in abundance over periods of twenty to 

thirty years are without obvious explanation. However, the decline has 

been more precipitous since 1952 than in any earlier period. 

The catch and the catch per fisherman, both available since 1944, 

have fallen at a similar rate. Meanwhile the number of fishermen in¬ 

creased, indicating a fall in abundance. Increased regulation of the 

flow regime of the rivers draining into Mobile Bay during recent years 

may have contributed to this decline. 

Since 1894, areas of productive oyster reefs in Bon Secour Bay 

have remained stable. Over 450 acres in the upper part of western 

Mobile Bay were lost between 1894 and 1950. The lower part of west¬ 

ern Mobile Bay and Mississippi Sound have experienced a slight gain 

in productive area, despite the loss of most of the reefs in Portersville 

and Heron Bay. 

Kernel And Shell Myeoflora On Peanut Fruits 

JAMES A. LYLE and FERNANDO J. SUBIRATS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

In 1966, fungi were isolated from peanut fruits using a rose bengal- 

streptomycin agar medium (RB-M2) and the precedures that follow. 

Fruits and pegs were washed in lukewarm water to remove soil and 

then surface sterilized for 3 min. in 10% Clorox. In earlv samplings 

whole pods and pegs were plated. In later samplings fruits were opened 

aseptieally, 50% of the half-shells and whole kernels were plated di 
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rectly, and the remaining 50% of the half-shells and whole kernels were 

surface sterilized again for 3 min. in 10% Clorox before plating. Whole 

fruits, pegs, shells, and kernels were plated separately. Fungi were 

identified after incubation and frequency calculated as percentage of 

occurrence in given number of isolations. 

Fungi isolated most frequently and in greatest numbers, regard¬ 

less of isolation procedure used in RB-M2, from whole fruits and pegs 

were: species of Fusarium, Rhizoctonia, Rhizopus and Sclerotium. 

Species of other genera noted were: Penicillium, Aspergillus, Colleto- 

triclmm, Phoma, Diplodia, Cladosporium, Curvularia, Trichoderma and 

Sclerotium. Predominant fungi isolated from kernels were species of 

Fusarium, Penicillium, Rhizoctonia and Colletotrichum. Species of other 

genera noted were: species of Aspergillus, Cladosporium, Diplodia, 

Phoma, Sclerotium, Thielavia, and Trichoderma. Predominant fungi 

isolated from shells were species of Fusarium, Penicillium, Aspergillus, 

Rhizoctonia, Colletotrichum, and Rhizopus; also noted were species of 

Aspergillus, Chaetomium, Cladosporium, Diplodia, Phoma, Nccosmo- 

para, Sclerotium, Thielavia, Trichoderma and Tricothecium. 

Current interest in a carcinogenic aflatoxin produced by Asper¬ 

gillus flavus Lk. ex Fr. in peanuts and other crops prompted this re¬ 

search in Alabama. Isolation of A. flavus was considerably less in 1966 

than in 1965 at all sampling dates, and especially in the early samplings 

in July. Aflatoxin, predominantly Bi and Gi, occurred more frequently 

in shells than in kernels generally throughout the growing season and 

during the curing process after harvest; amounts of aflatoxin assayed 

were appreciably less in all sampling in 1966 than in 1965. 

In general, comparisons of early samplings (July) with later sampl¬ 

ings (August-Scptember) showed that the species of fungi recorded 

were about the same in 1965 and 1966 mycofloral determinations. Soil 

type, location, and variety of peanut had no apparent effect on fre¬ 

quency and number of fungi isolated. The species of fungi associated 

with peanuts and their relative prevalence changed as the fruits devel¬ 

oped and matured in the soil. Further changes in the succession of fungi 

in the mycoflora occurred after digging and during curing. 

Copper Induced Death And 
Mutation In Escherichia Coli 

B. G. MOORE 

Department of Microbiology 

Auburn University, Auburn, Alabama 

Ionic, divalent copper is mutagenic, bacteriostatic and/or bacteri¬ 

cidal for some species of bacteria. The concentration of copper deter- 
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mines its inhibitory or lethal effects. Results showed that one range of 

copper concentrations induced the formation of bacterial cells with 

distinct morphological changes that were highly characteristic of cellu¬ 

lar effects obtained by treating bacteria with certain antibiotics. The 

abnormal cells of the bacterium, Escherichia coli, produced by 3 to 10 

x 10~°M CuSOUFLO had dimensions approximately 2-4 times the nor¬ 

mal length and 3-5 times the normal diameter; were incapable of form¬ 

ing colonies on plating agar; and had weakened cell walls which con¬ 

tributed to the eventual lysis of such cells in the absence of an osmotic 

stabilizer. Cells which survived this initial effect were converted to 

colonial mutants which have several different properties from the pro¬ 

totrophic strain. 

The Metabolism Of Leptospiras 

R. M. CODY 

Department of Microbiology 

Auburn University, Auburn, Alabama 

Organic acids common to tricarboxylic acid cycle do not stimulate 

growth of leptospirae. Presence of C'Mabeled amino acids in protein 

hydrolyzates from cells grown on a medium containing acetate-2C14 indi¬ 

cated a role for acetate in protein biosynthesis. Dehydrogenase activi- 

tives suggest a pathway of terminal respiration via tricarboxylic acid 

cycle. 

Preliminary Studies On The Taxonomy Of Bacteria 
And Monoxenic Culture Of Certain Nematodes 

GERALD R. WILT 

Department of Microbiology 

Auburn University, Auburn, Alabama 

The taxonomy of bacteria isolated from nematodes extracted from 

bo'rtom muds and their suitability as nutrient for certain rhabditid nema¬ 

todes were studied. During this study, a new method was developed for 

sustained nematode growth on washed bacterial cells in suspension. 

Four bacterial isolates obtained from the cultured residue of ground, 

surface-cleansed nematodes have been tentatively classified as repre¬ 

sentatives of the following genera: Agarbacterium, Kurthia, and Flavo- 

bacterium. One isolate was identified as Chromobacterium janthinum. 

Evidence was obtained experimentally that washed cells of Agarbact¬ 

erium sp., Kurthia sp., and Flavobacterium sp. supported the growth 

and reproduction of certain assay nematodes in monoxenic culture. The 

establishment of nematodes monoxenically with Chromobacterium jan- 

thinum failed under the existing experimental conditions. 
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The Presence Of Acute-Phase Protein 
In Host Response To Nematode Infections 

CHARLES R. RATLIFF, HENRY WALKER, and MARY O. CARNLEY 

Departments of Pathology, Baptist Medical Center— 

Birmingham Baptist Hospital and University of 

Alabama, Birmingham; Department of Biology 

University of Alabama, University. 

C-reaetive protein (CRP) is an acute-phase protein which has been 

associated with inflammation resulting from bacterial infections, rheu¬ 

matoid disease; tissue injury or decay. This protein was first observed 

in pneumococcal pneumonia in which this abnormal serum component 

would precipitate with somatic C-polysaccharide of pneumococci. Re¬ 

cent work suggests that production of CRP is limited to the liver and 

other reticuloendothelial cells (spleen, lymph, and thoracic duct lympho¬ 

cytes) are incapable of producing this protein. This acute-phase pro¬ 

tein is serologically distinct from normal serum proteins and “normal” 

subjects give negative serological reaction with CRP antiserum. 

The finding of this acute-phase protein in mice experimentally in¬ 

fected with the tissue nematode, Trichinella spiralis, initiated examina¬ 

tions for the presence of CRP in human nematode infections. Blood 

samples were collected from patients found infected with the follow¬ 

ing nematodes: Ascaris Jumbricoides, Necator americanus, Strongy- 

loides stercoralis, and Trichuris trichiura. While these were determined 

by fecal examinations, one ‘case of Trichinella spiralis serologically 

diagnosed by latex-agglutination was included. 

Host response to these infections was measured by a C-reaetive 

protein serum test (Latex antiserum, Hyland Laboratories, Los Angeles, 

Calif.) and by protein electrophoresis (Beckman Instruments, Palo 

Alto, Calif.). Positive CRP tests were obtained in several mice with 

experimental trichinosis 30 and 60 days post infection. These cross¬ 

reactions with non-homologous antiserum are possible since cross-re- 

actions may occur among mammalian acute-phase proteins (Gotschlich 

and Stetson, 1960). CRP was positive in approximately fifty per cent 

of the human infections. The serological case of human trichinosis was 

supported by the presence of CRP. In addition, the immune globulins 

(gamma and alpha 2) were consistently elevated in practically every 

case with acute-phase protein. 



Abstracts 901 J L 

Analysis Of The Cell Cycle Of Cultured H. Ep. #2 Cells 

BONNIE J. BOWDON and GLYNN P. WHEELER 

Southern Research Institute 

Birmingham, Alabama 

Human epidermoid carcinoma cells (H. Ep. #2) were studied in 

suspension and static cultures by two methods to determine the por¬ 

tions of the total cell cycle time (Tc) spent in mitosis (Tm), the pre- 

synthetic phase (TG,), the DNA-synthesis phase (Ts) and the post¬ 

synthetic phase (TG2). One method utilized the accumulation of cells 

in mitosis in the presence of thvmidine-3H and eolcemid, which inhibits 

cells at the metaphase-anaphase region of mitosis. Analysis of the data 

obtained bv this method yielded the following mean values: Tc, 26.6 

hr; Tm, 1.2 hr; TGi, 10.7 hr; Ts, 10.4 hr; and TG2, 4.2 hr for a suspension 

culture and Tc, 24.6 hr; Tm, 1.7 hr; TG,, 12.3 hr; Ts, 6.5 hr; and TG2, 

4.0 hr for a static culture. 

The second method, involving pulse-labeling with thymidine-3H 

and determination of the percentage of labeled metaphase-anaphase 

nuclei at various times thereafter, yielded the following values for a 

suspension culture: Tc, 25.7 hr; Tm, 1.0 hr; TG,, 11.2 hr; Ts, 8.7 hr 

and TG2, 4.8 hr. 

The Persistence Of Vaccinia Virus On Fabrics 
Impregnated With A Virucidal Agent 

LOUISE WESTBROOK, ROBERT W. SIDWELL, 

GLEN J. DIXON and ETHEL McNElL 

Southern Research Institute, Birmingham, Alabama, 

and Agricultural Research Service, 

U. S. Department of Agriculture, Washington, D. C. 

Five quaternary ammonium salts, two bromosalicylanilides, and 

neomycin sulfate were tested in vitro for virucidal and antiviral activity 

against polio and vaccinia viruses. No activity was seen against polio¬ 

virus, but virucidal activity was demonstrated against vaccinia virus 

with three of the quaternary ammonium compounds. Wool blanketing, 

wool gabardine and cotton sheeting materials were impregnated with 

one of these virucidal agents: n-alkyl (C,4, C12, Cia) dimethvl benzyl 

ammonium chloride, and the persistence of vaccinia virus on these fab¬ 

rics was compared with the persistence of the agent on nonimpreg- 

nated fabrics of the same type held at 25°C in 35% or 78% relative 

humidity. No virus could be recovered from the chemically treated 

fabric at any time after virus exposure, whereas the virus persisted as 



222 Journal of the Alabama Academy of Science 

long as 4 weeks on nonimpregnated materials. Vaccinia virus persist¬ 

ed less than one day on a resin-finished wash-and-wear cotton fabric. 

Poliovirus persisted up to 5 days on this wash-and-wear fabric. 

Preliminary Data On The Identity and Distribution 
Of Cowpea Viruses In Alabama 

ARTHUR N. HARRISON and ROBERT T. GUDAUSKAS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Viral diseases of cowpea, Vigna sinensis (Torner) Savi, have long 

been known to occur in Alabama and neighboring states. Some of the 

causal viruses have been identified in Georgia and Florida, but the 

presence and identity of such viruses in Alabama have not been con¬ 

firmed. During the summer and fall of 1966, several cowpea fields in 

Baldwin, Chilton, Cullman, Plouston, and Walker counties were sur¬ 

veyed for the presence of viral diseases. Leaf and stem tissues from 

suspect-diseased plants were collected and returned to Auburn for virus 

assays. Sap from these tissues was extracted and rubbed with cheese¬ 

cloth pads onto carborundum-dusted leaves of the following plants used 

in a differential host range: Capsicum frutescens L. ‘Tabasco’, Cassia 

fora L., Chenopodium album L., C. quinoa L., Phaseohis coccineus L., 

Nicotiana tabacum L., and V. sinensis ‘Clay’ and ‘Early Ramshorn’. 

Bean yellow mosaic virus (BYMV), cowpea chlorotic mottle virus 

(CCMV), and cucumber mosaic virus (CMV) were identified from 

Alabama cowpeas by differential reactions in the host range. A fourth 

virus, tentatively designated as a severe strain of CMV, was also iso¬ 

lated. Mixtures of two different viruses in the same cowpea plant were 

frequently detected. BYMV and CMV were isolated from cowpeas col¬ 

lected in all 5 counties and were the predominate viruses found in 

samples from Chilton, Houston, and Walker counties. CCMV was iso¬ 

lated from cowpeas from only three counties, but was the predominant 

virus found in Baldwin and Cullman counties. The ‘severe CMV’ was 

isolated from samples collected only in Cullman county. 

The Effects Of Auxins On Propagation Of 
Ginkgo Biloboa Cuttings 

CLIFFORD E. BLAIR, JR. 

Biology Department 

Athens College, Athens, Alabama 

Duplicate cuttings of Ginkgo biloboa L. were exposed to 25, 50, 

and 100 ppm of each of two auxins, indole-3-acetic acid (IAA) and 

indolebutyric acid (IBA), for 24, 48, and 96 hrs. The cuttings were 
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planted, two per pot, in sand on November 11, 1966. After 57 days, 

callus and rooting formations were determined. 

The cuttings treated with IAA for 24 hrs showed an increase in 

callus and rooting with increased auxin concentrations up to 50 ppm. 

The 100 ppm (24 hr treatment) of IAA killed the Ginkgo cuttings. 

The time of treatment did not have any effect at the 25 ppm concen¬ 

tration. At 50 ppm, callus and rooting formation appeared to be in¬ 

hibited as time treatment was increased. IAA treatment at 50 ppm for 

24 hrs gave the best results. Cuttings from this treatment had roots 

up to 3 cm in length at the end of the experimental period. Callus and 

root development increased generally with increasing IBA concentra¬ 

tions. However, increased time treatments at all concentrations gen¬ 

erally inhibited root development, but none of the cuttings died. The 

100 ppm, 24 hr treatment was most effective, producing up to 27 roots, 

0.3 cm to 4 cm in length, on one cutting. Sprouting leaves were more 

evident on the cuttings treated with IAA than on those treated with 

IBA. This observation was not tested experimentally, however. 

Indolebutyric acid proved to be the best rooting agent for Ginkgo 
biloboa cuttings. Treating the cuttings with 100 ppm IBA for 24 hrs 

gave results superior to any other treatment in the experiment, 

Atrazine Dissipation From Treated Soil 

DONALD E. DAVIS 
Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine), a pre¬ 

emergence herbicide for corn, was applied at 0, 2, 4, and 16 lb/A to 

a previously tilled, fertilized, and planted Norfolk sandy loam soil. Rates 

were randomized within blocks and replicated four times. Each treat¬ 

ed area was equally divided into three parts that were randomly plant¬ 

ed to corn or johnsongrass, or kept fallow. All plots were kept weed 

free. Composite soil samples were taken from the top 6 inches of soil 

in each area 1 day and 1, 2, 3, and 6 months after treatment. Three 

and 6 months after treatment, samples were taken from every 6-inch 

layer down to at least 6 inches into the heavy clay underlying the 

sand cap at 2 to 4 feet. The same atrazine rates and crops were repeat¬ 

ed on the same plots for 3 years and the same sampling procedures 

followed. Atrazine content of the samples was determined by exhaus¬ 

tive extraction in a soxhlet with methanol followed bv column clean up, 

conversion of the atrazine to hydroxyatrazine, and reading percent 

light transmittance against a comparable untreated soil blank in a spec- 



224 Journal of the Alabama Academy of Science 

trophotometer. Atrazine content was determined from a previously pre¬ 

pared standard curve. 

In each of the 3 years and for all atrazine rates, plots cropped with 

corn or johnsongrass had less atrazine than comparable fallow plots 1 

month after treatment. Cropping had no significant effect thereafter. 

At all rates and all sampling dates, there was more atrazine in the top 

6-inch soil layer than in any lower layer, and there was no accumula¬ 

tion at the juncture of sand and underlying clay. There was no evi¬ 

dence of carry over of atrazine from year to year nor of any build up 

even 16 lb/A for 3 years. 

Effects Of Glucose, Fructose and Sucrose On Blood 
Pyruvic Acid, Urinary Nitrogen And Mineral Excretion 

FRIEDA L. MEYER 
Research Laboratory Human Nutrition 

University of Alabama, University 

Six college women were maintained on a controlled weighed diet 

for 5 days. On the 6th day, samples of blood were taken after an over¬ 

night fast, followed by a 50 gm oral test dose of glucose, fructose or 

sucrose, using the Latin Square design for sequence of administration. 

Samples of blood were taken every hour for 5 hours after the test dose 

and analyzed for pyruvic acid. Urine, collected immediately following 

the blood samples, was analyzed for pH, ammonia nitrogen, total nitro¬ 

gen, sodium, potassium, phosphorus and magnesium. 

One hour after the test dose of these sugars, levels of pyruvic acid 

in the blood were highest after fructose, lowest after glucose and in¬ 

termediate after sucrose. Two hours following the test dose, pyruvic 

acid levels following ingestion of fructose and sucrose were similar, but 

significantly higher than after glucose. 

There was an inverse relationship between pH of the urine and 

levels of pyruvic acid in the blood. Differences in pH values of the 

urine during the first and second hour following administration of the 

3 sugars were significant. There were also significant differences in 

the percentage of nitrogen excreted as ammonia one hour after the 

test dose of these 3 sugars for 5 of the subjects. 

Differences in amounts of sodium and potassium excretion were 

not significant. Amounts of phosphorus and magnesium, however, ex¬ 

creted during the 5-hour period following the test dose of the 3 sugars 

were significantly different, the highest excretion value following the 

test dose of fructose. 
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Taste Activity And The Internal 
Environment In The Hamster 

KAMAL S. YACKZAN 
Randolph-Macon College 

Ashland, Virginia 

The question of the relation of taste activity to the internal en¬ 

vironment remains unsettled. Behavioral as well as electrophysiological 

data were gathered in this study from experiments on hamsters. De¬ 

spite the necessary comprehensive approach there are obvious disad¬ 

vantages in this type of study. The interpretation of data could also 

be misleading. The role of the appetite, important as it is, in deter¬ 

mining taste activity in relation to the internal environment is overlooked 

and nullified in the electrophysiological studies, since this technique 

involved anesthesized animals. 

The results from preliminary experiments of this study fail to show 

conclusive or consistent correlation between the taste receptor and its 

internal environment. This is especially true for the electrophysiological 

studies. Despite variations in the ratio Na+/K+ response among some 

members of the experimental groups, it is not yet possible from this 

study, for instance, with regard to these ions, to emphasize specific taste 

receptor sensitivity, i.e. at the periphery over central nervous system 

changes. The derangement of the internal environment was represented 

in conditions such as hyperglycemia, hypoglycemia, vitamin (thiamin) 

electrolytes (sodium) deficiencies, adrenalectomy as well as thyroidec¬ 

tomy. Some of the animals did not survive the surgical procedures 

necessary for taste studies. 

A newer approach to the study of this relation is considered where¬ 

by electrophysiological data could be obtained from the conscious ani¬ 

mal. Technical difficulties prevented the accumulation of such data in 

the past. 

Effects Of Nialamide And Nardil On Duodenal 
Serotonin In The Reserpinized Rat 

VIRGINIA C. KELLEY and KENNETH OTTIS 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

The biogenic amine serotonin is present in the enterochromaffin 

cells of the gastrointestinal mucosa, apparently in a storage form. This 

study was designed to investigate the effects on duodenal serotonin bv 

two hydrazine MAO inhibitors, Nardil (phenelzine) and Niamid (nia¬ 

lamide), when the intraperitoneal injection of each of these compounds 
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was followed in 30 minutes by injection of the serotonin releasing 

compound Serpasil (reserpine). Three hundred female albino rats of 

the Holtzman strain were used in the course of this study. 

Throughout a 12-hour period following injection of a MAO in¬ 

hibitor, one animal was sacrificed each hour and a duodenal strip quick¬ 

ly removed and assayed for serotonin content. Uninjected controls were 

sacrificed at intermittent intervals. The quantiative assay used was a 

modification of the butanol extraction method developed by Uden- 

friend et al. (1955). The resultant fluorescence was measured in a 

Turner 110 Fluorometer. 

Results of the Niamid-Serpasil study showed peaks of serotonin 

content at hours 1 and 4, with an upward tendency evident at hour 12. 

The Nardil-Serpasil study was characterized by peaks at hours 4 and 9, 

with possible elevated serotonin levels at hours 6 and 7. This study also 

showed an upward tendency at hour 12. Although the experimental 

animals of both studies showed an overall average elevation of about 

10% above their controls, the Niamid study fluxuated over a much 

greater range of values than did the Nardil study. 

The Effects Of Nicotine On The Growth And 
Reproductive Efficiency Of The Domestic Fowl 

T. THORNTON and J. R. HOWES 

Department Poultry Science 

Auburn University, Auburn, Alabama 

Nicotine is present in the leaves of tobacco. It is an alkaloid of 

the Pyrrolidine group and has structural similarities, therefore, with 

cocaine and atropine drugs which are known to have specific phy¬ 

siological actions. In man nicotine is alleged to lower appetite and have 

a tranquilizing effect. Withdrawal from smoking is often associated 

with changes in appetite, body weight, and nervous tension. 

This study was conducted to investigate the effects of nicotine 

on the growth and reproductive physiology of the domestic fowl. Three 

8-week studies using sexed Pilch White Rock broiler chicks were con¬ 

ducted. Nicotine was incorporated in Auburn Broiler Starter diet at 

levels of between 0 and 256 mgm/lb. of feed. Ten sexed chicks were 

grown in wire cages in each replicate. Mortality was negligible and 

after the final weighing at 8 weeks of age, the birds were slaughtered 

and dressed. Sample carcasses were selected at random for body com¬ 

position and meat quality studies which are still incomplete. 

In all studies the birds administered nicotine in the 8-32 mgm/lb. 

feed range gave significantly higher body weights. At levels below 8 
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and above 32 mgm/lb. feed the body weights were inferior to controls. 

Birds in the 8-32 mgm/lb. feed treatments also had better meat-to- 

bone ratios than control or other birds. The dressing percentage was 

significantly superior for all nicotine treated birds. 

These preliminary results indicated that nicotine included in the 

diet at low levels is beneficial in respect to growth and fleshing and 

the reverse was true at higher levels. The reasons for the effects of 

nicotine on growth and body composition are uncertain but may be 

revealed with further study. Both sexes were similarly affected. 

In a 5-month investigation of nicotine included in the diets of 

laying pullets at levels of 0-96 mgm/lb. of feed, no significant differ¬ 

ences were detected. Studies were made of egg production, feed ef¬ 

ficiency, egg quality, egg weight, and egg shell quality. It would thus 

appear that nicotine has no effects on the reproductive physiology of 

the domestic fowl at dietary levels up to 96 mgm/lb. feed. 

Preparation And Interpretation Of Salivary 
Gland Chromosomes; A Demonstration 

KENNETH HUDSON and J. E. WATSON 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

The relative ease with which squash preparations can be made 

of the salivary gland chromosomes of Drosophila melanogaster and 

other selected dipterous insects makes available to high school and 

college instructors an excellent method of demonstrating the structure 

of chromosomes to students. A minimum of inexpensive and readily 

available equipment is required in preparing such material. A demon¬ 

stration of this simple technique is being made at this meeting to in¬ 

terested persons. This is an effort to encourage the introduction of a 

laboratory exercise of this type into the classrooms of a large number 

of students. However, it is felt that the mere preparation of such slides 

is not an end in itself. Of more importance to the full utilization of 

these slides is the capability of the instructor in making meaningful 

interpretations of the chromosomes visible on the slides. We are pre¬ 

senting to the persons present a discussion of ways and means of in¬ 

terpreting slides. Ways of recognizing any abnormalities are demon¬ 

strated to acquaint anyone utilizing these materials with inversions, 

duplications, deficiencies, translocations, etc. 

The interested student can readily obtain stocks of flies by placing 

an uncovered jar near an orchard or roadside stand. The trap should 

contain some fermenting fruit. Such a collection could lead to an in- 
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vestigation of the natural fly populations of a given area. The student 

could determine if any chromosomal aberrations are present and the 

project could be maintained on a continual basis by having different 

students work on it in successive years. Further information on the 

sources of the necessary equipment and supplies may be obtained upon 

request. 

Chemistry 

The Role Of The Chemist In Space Exploration 

CHARLES E. KAYLOR 
Brown Engineering Company 

Huntsville, Alabama 

The author gives a survey of the fields of research and develop¬ 

ment in the space programs which most involve the disciplines of 

chemistry. Primary emphases are on materials technology and the ap¬ 

plication of thermodynamics and kinetics to high temperature flow 

systems. 

Some of the areas of primary importance in materials develop¬ 

ment are materials compatibility, explosive hazards, corrosion, and 

insulations. 

A Study Of Conformational Factors Influencing The Relative 
Extent Of Enolization And Reduction Side-Reactions In The 

Reaction Of Hindered Grignard Reagents With Cycloalkanones 

JOHN WILLIAMS and ROBERT H. CARNER 
Department of Chemistry 

University of Alabama, University 

The reactions of cycloalkanones with secondard Grignard reagents 

have been studied with respect to relative amounts of enolization and 

reduction side-reactions and compared with corresponding reactions 

of acyclic analogs. The study included the reactions of each of the 

ketones acetone, cyclopentanone, and cyclohexanone with an excess of 

each of the Grignard reagents isopropylmagnesium bromide, cyclopen- 

tylmagnesium bromide, and cyclohexylmagnesium bromide. Product 

mixtures were analyzed by gas chromatography for relative amounts 

of recovered ketone (enolization) and secondary alcohol (reduction). 

In the case of each ketone the enolization/reduction ratios were smallest 

for reactions with cyclopentylmagnesium bromide, indicating this re¬ 

agent is particularly effective in the reduction side-reaction. The re¬ 

sults are discussed in terms of conformational properties influencing re¬ 

lative energies of reaction transition states. 
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Cryoscopic Behavior Of Selected Solutes In Molten 
Alkali Nitrates. III. Molten Potassium Nitrate 

W. R. HENDRIX, E. W. WILSON JR., and D. F. SMITH 

Department of Chemistry 

University of Alabama, University 

Freezing point measurements were made on dilute solutions of 

CdCL CoCD, ZnCD, CuCD, PbCL, CdS04, CuS04, ZnS04, CdBr2, 

ZnBr2, and PbBr2 in molten potassium nitrate and in mixtures of molten 

potassium nitrate and potassium chloride, bromide or sulfate. It was 

found that these substrates were incompletely dissociated and stability 

constants were calculated where possible. The values of the stability 

constants thus obtained were compared with other values previously 

published. 

Geology 

Some Previously Unreported Details On 
Locations Of Diabase Dikes In Lee And 

Chambers Counties, Alabama 

ROBERT W. DEININGER 

Memphis State University 

Memphis, Tennessee 

The Auburn Dike (Adams, 1933) consists of three en echelon (left- 

handed) segments. The southern segment is 21 miles long, the central 

is 17 miles long, and the northern is 6 miles long. The southern and 

central segments are parallel and % mile apart for 5 miles. The central 

and northern segments are parallel and % miles apart for 2 miles. The 

south end of the dike has been traced to the SE 14, SW 14 Sec. 34, T 18 

N, R 26 E, 6 miles south of Auburn and 3 miles south of the present edge 

of the Cretaceous overlap. The north end has been traced to the NW 

14, NW 14, Sec. 33, T 24 N, R 25 E. Each of the segments appears to 

pinch out or end quite abruptly, and no connection between segments 

can be seen at the present surface. 

A small, previously unreported dike about 214 miles east of the 

Auburn dike was discovered and traced for 5 miles. It is known to ex¬ 

tend from IV2 miles northwest of Opelika to 1 mile north of Oak Bow¬ 

ery, with a strike of N 8° E. The dike is up to 6 feet thick and appears 

to dip nearly vertically. The name Oak Bowery Dike is proposed. 

The only two known offshoots from the Auburn Dike are in sec¬ 

tions 8 and 17, T 19 N, R 26 E, just north of Auburn. The longer is 

about 1 mile long and about 6 feet thick. It extends from the NE 14. 
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SE V4, Sec. 8, where it joins the Auburn Dike, to the SW 14, SE 

V4, Sec. 17, with a strike of N 10 E. It appears to dip nearly vertically. 

For 100 yards northward from where it joins the Auburn Dike, the 

strike of the Auburn dike changes from N 5° W to N 10° E. The smaller 

offshoot, about 500 yards long, strikes N 70° E from the southern end 

of the other offshoot to the Auburn Dike. 

Some Chemical Limits of the Ore Forming 
Solutions, Cave-in-Rock District, Illinois 

TRAVIS H. HUGHES 

Department of Geology 

University of Alabama, University 

The ore deposits in the Cave-in-Rock Fluorite District occur as 

open space fillings in limestone host rocks of Mississippian age. The 

dominant ore and gangue minerals are fluorite, sphalerite, galena, cal- 

cite and chalcopyrite. Alost ore deposition occurred in the temperature 

range of 150 to 100°C ,from concentrated NaCl solutions (1 to 3M) 

containing several thousand ppm zinc and copper (Pinckney, 1966). 

The spacial distribution of the ore minerals implies a close association 

between dissolution of limestone and ore deposition. The limestone 

probably served as a source of calcium for the deposition of fluorite. 

Calculations indicate that the total HF concentration of the ore form¬ 

ing solutions was 0.06 moles per liter or less. The pH of the ore form¬ 

ing solutions should have risen as the limestone dissolved, and was 

probably within the range of 5 to 9. The metallic sulfides were prob¬ 

ably precipitated, as a consequence of the rising pH, in the order cop¬ 

per, zinc, lead (corresponding with the order of stability of their chlo¬ 

ride complexes). 

Implications Of Paleocurrent Directions In The Red Mountain 
Formation Of Silurian Age Near Rucksville, Alabama 

W. GARY HOOKS 

Department of Geology 

University of Alabama, University 

A preliminary study of primary directional structures was made 

of the Red Mountain Formation of Silurian age near Bucksville, Ala¬ 

bama, to determine predominant paleocurrent directions. The possi¬ 

bility of current direction changes preceding and following the de¬ 

position of the large hematite zone were considered. Measurements 

of cross-bedding indicated a consistent southwestern current direction 

following deposition of the major ore seam. Oscillation ripple marks, 

although more variable, indicated at least two predominant current 
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directions preceding the deposition of the major ore seam. The opti¬ 

mum depositional environment of the hematite-bearing sediments 

seems to be reflected by a change from deeper water sedimentation to 

a shallow, current-active neritic zone. Perhaps longshore currents mov¬ 

ing in a southwestern direction were significant in the formation of 

ferruginous beds in this area. 

Stratigraphic Revision In The Talladega Group As Suggested By 
Structural Relationships, Chilton And Shelby Counties, Alabama 

THOMAS J. CARRINGTON 

Birmingham-Southern College, Birmingham, Alabama 

The Jumbo Dolomite, which should more properly be termed a 

calcareous silt — and/or sandstone, has long been recognized as a dis¬ 

tinct, mappable, lithologic unit within the Wash Creek Slate of the 

Talladega Group. The Wash Creek Slate has been accepted as over- 

lying the Brewer Phyllite, and the Brewer as overlying the Waxahatchee 

Slate. Field relationships in northeastern Chilton and southeastern 

Shelby Counties, Alabama, suggest that the Jumbo Dolomite underlies, 

and is therefore older than, the Brewer Phyllite. Tentative correlations 

based on these field relationships and on lithological similarities, sug¬ 

gest that the Jumbo is more widespread than previously thought, and 

that the Sawyer Limestone and associated maroon-to-purple and green 

metaclastics are possibly local facies of the Brewer Phyllite. The But¬ 

ting Ram-Jemison Chert-Yellowleaf Quartz Schist sequence (long 

recognized as part of the Wash Creek Slate, and younger than the 

Jumbo Dolomite) is in fault relationship with the remainder of the 

rocks of the Talladega Group, and therefore is not in proper sequential 

order as previously mapped. 

Some Unresolved Problems In Speleogenesis 

WILLIAM W. VARNEDOE, JR. 

Marshall Space Flight Center, Huntsville 

Several theories have been advanced to account for the nature of 

horizontal solution type caves. The most widely accepted of these postu¬ 

late an initial shallow pheatic phase. Although these theories account 

for a large portion of cavern features, there are certain others which 

either lack explanation or are discussed only superficially with untested 

hypotheses. A few of these observed phenomena may constitute ex¬ 

ceptions to portions of existing theories while others, not directly con¬ 

tradictory, might shed additional light on them, if adequately studied. 

Four such needed investigations are outlined. 
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Forestry, Geography And Conservation 

The Relationship Of Temperature To 

Effective Precipitation On Ground Water Levels 

H. D. HAYS 

University of Alabama, University 

This study was undertaken to learn the relationships between 

precipitation, temperature, evaporation and transpiration on ground 

water levels. Studies were based on monthly, yearly, and ten year 

water level fluctuations in a test well located on the University campus, 

in relation to monthly, yearly, and ten year variations in precipitation 

and temperature. 

Results in the monthly and yearly study showed that the ground 

water in the well under observation was dependent upon winter rain¬ 

fall almost exclusively. Water levels usually were at their lowest in 

December and then there was a fairly constant rise until April or May, 

after which a constant decline occurred until the next December. Even 

heavy summer rains caused no fluctuation in the dropping water table. 

It can therefore be concluded that a winter drouth in the Tuscaloosa 

area at least, and this probably holds true for much of the southeast, 

is more serious so far as ground water supplies are concerned, than is 

summer drouth. 

If the above holds true for a monthly or yearly seasonal basis, then 

it would be assumed that a series of several dry years should produce 

constantly declining water tables. This was not the case in the well 

under observation. For a seven year period the precipitation averaged 

eight inches per year below the normal mean, yet the mean water level 

continued to rise during this period. The low water level was higher, 

the high water level each year was higher, and the mean water level 

was higher. In some cases this could be explained by cessation of pump- 

age from the aquifer, more irrigation etc. However in the case of this 

particular well, there is no known pumpage, no increase in irrigation, 

or other readily explainable factors. This leaves two possible explana¬ 

tions. One is that the well is only now reaching a normal level. Second, 

is that the airport precipitation records are four miles from the well 

site, and precipitation in the well gathering area is much more than 

at the airport. 
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Education For Wise Use Of Resources — Why And How 

THOMAS H. BELL 

Department of Conservation 

Montgomery, Alabama 

The environment of the Earth is such that it supports human life. 

It has supported it successfully to the time at which man is the dom¬ 

inant form of life on the planet. It has become man’s nature to work 

toward the improvement of the conditions of his life. He has done this 

work through the use of the resources his enviroment has provided him, 

and his ingenuity has put into use. He has done this for the purpose 

of controlling his environment, shaping it to his own ends, and mak¬ 

ing it more comfortable for himself. Man has improved the conditions 

of his life to the point that he finds himself involved with the process 

of destroying the very environment which supports him. It is obvious, 

then, that man needs to develop within himself an ethic toward the 

preservation of his environment, if he wishes to survive. The problem 

is difficult because the degree of technology man has developed has 

shortened the time he has left to develop the required ethic. Education 

can help with the problem of developing the ethic, but it can not be 

the only solution. And, the type of education used can not be restrict¬ 

ed to that which is thought of as Conservation Education todav. 

Food Habits Of A Deer as Observed 
With The Aid Of Telemetry 

ROBERT L. MARCHINTON and MAURICE F. BAKER 

Alabama Cooperative Wildlife Research Unit 

Auburn University, Auburn, Alabama 

Direct observation of feeding animals is an effective technique for 

studying food habits. In higher vertebrates, direct observation of nor¬ 

mal wild animals is difficult due to the wariness of the subject. Several 

workers have reported the successful use of “tame” game animals for 

study of their food habits. In these studies the animals were trained 

to permit transportation to and from the study area, and/or control 

by means of a lead rope. This technique has the obvious disadvantage 

that the study animal receives supplemental feed when in confinement, 

and is thus not dependent upon natural food sources, and does not 

have complete freedom when in the study area. The present paper re¬ 

ports the use of a free-ranging deer, instrumented with a radio trans¬ 

mitter, for study of food habits. 
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A male white-tailed deer (Odocoileus virginianus) was hand- 

reared, and developed into an approachable, but not completely tame, 

animal. At the approximate age of 1 year, he was instrumented with 

a radio transmitter and released on the University farms, near Auburn. 

After a period of adjustment, during which he settled into a well-de¬ 

fined home range, the feeding habits of the deer were studied. The 

deer was periodically located by means of the radio, then observed 

as it conducted its normal activities of feeding, ruminating, bedding, 

etc. Food habits data were recorded as time spent feeding by kind of 

plant used. From June 22 to July 30, 1966, approximately 49 hours of 

observations were made during 16 different days. In this environment, 

composed of farm land, second growth forest and fish ponds, he was 

observed to eat 46 different kinds of food. The 10 most commonly used 

foods, with the percentage of feeding time spent on each were: many- 

flowered aster, 37.9; alfalfa, 20.5; wild plum fruit, 7.9; blackberry foli¬ 

age, 6.6; various grasses, 6.1; blackberry fruit, 4.3; honeysuckle, 2.6; 

sorrel (Rumex) 1.8; wood-sorrel (Oxalis) 1.7; beggar’s tick, 1.4. 

Geography At Alabama — Past And Present 

WALTER F. KOCH 
Department of Geography 

University of Alabama, University 

Geography as an academic discipline has been associated with the 

University of Alabama since its beginning. It was an early requirement 

for admission in the 1830’s. However, the discipline of geography was 

eclipsed by other sciences between 1850 and 1920. Since 1920 the 

teaching of geography has become more and more respectable at the 

University and today the Department of Geology and Geography offers 

a wide range of geographic instruction. The problems that beset the 

geographic profession today are lack of unity in the definition of the 

discipline, a variety of divergent approaches to the study of problems, 

a shortage of competent teachers at the secondary school and college 

level, and an abyssmal ignorance of geography among the general public. 

As the only institution of higher education in the state of Alabama of¬ 

fering a graduate program in geography, it is the responsibility of the 

University to take the lead in attacking these major professional prob¬ 

lems. 
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Physics And Mathematics 

A Velocity Of Light Measurement For The 
Undergraduate Physics Laboratory 

E. L. ROBINSON 

Physics Department 

Samford University, Birmingham, Alabama 

An instrument for measurement of the velocity of light in the un¬ 

dergraduate optics laboratory is described. The instrument, a varia¬ 

tion of Andersons’ method, uses a CRT with a very fast phospher as a 

light source with high frequency intensity modulation. The physical 

dimensions of the instrument are reduced by multiply, reflecting the 

light of the long light path within a bank of prisms. Detection of the 

light is achieved with a conventional photomultiplier. 

Will The Real Carnot Theorem Please Step Forward 

RAYMOND F. ASKEW 

Department of Physics 

Auburn University, Auburn, Alabama 

The proof of the Carnot theorem in many textbooks is generally 

misleading, both in that the true theorem is never stated and in that 

the proof as offered is easily shown to be invalid by example. The true 

theorem will be presented. It will be shown that the proof of the theo¬ 

rem for an arbitrary working substance depends on the use of the sec¬ 

ond law of thermodynamics. 

Studies In Plasma Confinement And Heating 
Using Rarefied Shock Waves 

RAYMOND F. ASKEW 

Department of Physics 

Auburn University, Auburn, Alabama 

A facility is presently under construction which will be utilized in 

investigating high temperature plasma confinement. Electromagnet- 

ically driven shock waves will be used as the initial energv source for 

the plasma. A pulsed magnetic field will be used to trap the plasma and 

to further increase its temperature. A description of the apparatus and 

the planned experiments will be presented. 
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Universal Electron Beam Probe For A 
Rarefied Gas Flow Analysis 

G. J. HUTCHESON and CHARLES CASON 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

An electron beam probe instrument system is used to make sim¬ 

ultaneous measurements of free stream gas parameters such as molecular 

density, rotational and vibrational temperature; and for pure gas flows, 

local measurements of velocity and degree of dissociation. The electron 

beam probe therefore opens the door of possibility to a single probe 

system producing a minimum of disturbance, but measuring most ther¬ 

modynamic variables of interest to investigators of rarefied gas flows. 

This paper describes such a system using an electron beam probe which 

has all the diagnostic capability presently reported. 

On Models Of Atmospheric Density 
From Surface Through 25 KM 

OSKAR ESSENWANGER 

Redstone Arsenal, Alabama 

The standard atmospheric model for density is generally well known. 

Less familiar is the regional and seasonal deviation from the standard 

atmospheric model. This variation from the standard model is being 

discussed. The annual mean value of the atmospheric density displays 

a significant deviation from the standard atmosphere in all regions but 

the midlatitudes. While the monthly dispersion is small in the tropics, it 

increases towards the polar area. The synthetic altiture relationship ob¬ 

tained by connecting density values of the same statistical probability at 

subsequent altitude levels, such as one-sigma values or 95% thresholds, 

is being introduced as “profile envelope” and distinguishes from the 

“true profile”, from which density models have been derived. The true 

profile is based on inclusion of the altitude relationship of the density, 

which is very strong between atmospheric layers below 6 km and 12 

to 20 km, the boundaries having some geographic variation. Density 

below the mean condition in the lower layers is associated with density 

above the average in the higher layers and vice versa. This is known 

as the compensation principle of the atmosphere. 

Twenty atmospheric models will be presented which comprise a 

summary of regional and seasonal variation and correspond to the one- 

sigma “profiles”. The validity of expanding the one-sigma profiles to¬ 

wards two and three sigma will be discussed. Examples from the trop¬ 

ical, midlatitude and polar area provide the basis for the conclusion 
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that the one sigma profiles can be expanded towards two sigma. For 

the extreme thresholds such as three sigma or 1% some caution is ap¬ 

propriate. 

Langmuir Probe Measurements Of The Electron 
Density In A Weakly Ionized Hydrogen Discharge 

BENNIE L. SANFORD 

Department of Physics 

Auburn University, Auburn, Alabama 

A special Langmuir probe assembly has been devised and con¬ 

structed for use in connection with the large volume gas discharge 

facility operating in this laboratory. This assembly provides positioning 

accuracy of ± 0.0005” and has three degrees of freedom. The probe 

itself is extremely small (0.001” diameter), thereby permitting well 

defined spatial potential measurements. The performance characteristics 

of this probe will be discussed in detail. 

Radial Dependence Of The Axial Current Density 
In A Weakly Ionized Hydrogen Discharge 

ANTHONY V. DaMOMMIO 

Department of Physics 

Auburn University, Auburn, Alabama 

A general lack of experimental data has hindered the formulation 

of a successful theory of the anode fall region of a glow discharge. In 

an effort to remedy this situation, a method has been developed to 

measure the functional dependence of the axial current density on the 

surface of an anode upon the electrode radius. A multi-ring electrode 

has been fabricated whereby the currents through each ring are di¬ 

rectly measured. Since the areas of the respective rings are known, then 

the current density profile, i.e., the current density as a function of 

electrode radius, is readily obtained. Thus far measurements have been 

taken in the pressure range from 0.5 Torr to 2.0 Torr. This preliminary 

data indicates that the radial dependence is not a simple one, such as 

is exhibited in the positive column, but rather possesses a good deal of 

structure. Regions of both positive and negative curvature appear, in¬ 

dicating the existence of definite regions of electron concentration. 

Current Research On Nj—CO* Lasers 

W. L. HALES, G. J. HUTCHESON, J. J. EHRLICH, and T. C. ROBERTS 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The performance of N2 -CO2 -He lasers of seventeen and twentv- 

seven foot length will be discussed. These lasers have produced powers 
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in excess of 850 watts CW and efficiencies as high as 28%. The effects 

of gas flow, impedance and wall temperature on the output power will 

be discussed. There are also some unusual spectral effects in the ultra¬ 

violet and visible regions of the spectrum due to the lasing action which 

will be included. 

Light Extinctions Of Large Particles 

BRUCE SEIBER and PAUL LATIMER 
Department of Physics 

Auburn University, Auburn, Alabama 

The optical extinction efficiencies of large particles were measured 

and compared with theoretical predictions. Large particles are defined 

as particles whose diameter is much larger than the wavelength of the 

incident light. The extinction, E of a suspension of particles is defined 

as logio 1/transmission. The extinction efficiency, K, of a particle is 

the extinction cross section/geometric cross section and is calculated 

from the experimentally observed extinctions. For homogenious, spheri¬ 

cal particles, extinction efficiencies are rigorously predicted by Mie 

theory and with simplifying approximations by van de Hulst’s theory. 

A transmission spectrophotometer with high resolution was built 

and used to measure the extinction by sample suspensions. These 

samples were of polyvinyl toluene latex spheres, yeast cells, and spinach 

chloroplasts. The K-values observed with latex particles verify Mie ex¬ 

tinction predictions over a region which previously had been inade¬ 

quately explored. The extinctions by suspensions of biological particles 

were in almost quantitative agreement with physically rigorous theory. 

These are the first studies to reveal a nearly quantitative agreement 

between the observed extinction properties of typical biological particles 

and theoretical predictions. 

Atomically Clean Surfaces 

ILMARS DALINS 
Marshall Space Flight Center 

Huntsville, Alabama 

The atomically clean surface concept, its meaning and usefulness, 

is discussed in light of recent experimental evidence. Laboratory methods 

useful for obtaining atomically clean surface conditions are briefly re¬ 

viewed together with two major experimental techniques, low energy 

electron diffraction (LEED) and field emission microscopy (FEM). 

These are used to verify and examine surface conditions on atomic scale. 

Major emphasis is placed on the FEM technique because of its great 
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sensitivity of being able to detect atomic details on a surface. Some 

unique field emission patterns obtained by the author during various 

phases of experimentation will be shown and their meaning related to 

the crystalline structure. Some recent investigations of trying to study 

the effects that are produced by the strong electric field will be illu¬ 

strated bv showing a section of a motion picture. This recording method 

of the complicated set of events using motion picture is still proble¬ 

matic but shows unique promise, if reasonable further improvements 

are made. Mathematical analysis in surface studies have been of rather 

limited use. Possible improvements in this respect will be outlined as 

more atomic details become available from such experimental investi¬ 

gations as LEED and FEM. 

Magnetoacoustic Absorption And Fermi Surface 
Studies On The Alkali Metal, Potassium 

HOWARD J. FOSTER 

Department of Physics 

Alabama A. & M. College, Normal, Alabama 

Magnetoacoustic measurements on zone refined and large oriented 

single crystals of potassium show that the Fermi surface in this metal 

is only slightly distorted relative to its free electron value, bulging by 

about 0.3% in the (110) direction and pushed in by about 0.4% and 

0.5%, respectively, in the (100) and (111) directions within the Bril- 

louin zone. A comparison is made between the experimental results 

from this work and the results from other experimental methods and re¬ 

cent theoretical calculations on the ultrasonic attenuation, the phase 

factors, and the Fermi surface distortion in potassium. This work 

was supported in part by research grants from the A EC and the 

USONR, to the Catholic University of America where some of the ex¬ 

periments were conducted. 

The Study Of Crystalline Models 
Using Sonic Techniques 

WILLIAM H. ROSSMAN JR. 

Department of Physics 

Auburn University, Auburn, Alabama 

The possible correlation between the patterns produced by the 

X-ray diffraction from crystals and those patterns produced by crystal¬ 

line models using sonic techniques is being studied. The methods of 

investigation include building a high frequency sound generator and 

a high frequency receiver, constructing a set of crystalline models, and 



240 Journal of the Alabama Academy of Science 

comparing the various diffraction patterns using the sonic techniques 

to those patterns produced by X-ray diffraction. The sound generat¬ 

ing system consists of a class AB audio amplifier with an output of 

15 watts fed into a tweeter with a frequency response of 3,000-22,000 

cps ± 3db. The input is a sine wave generator. The receiver is a Ro¬ 

chelle crystal microphone with a response of 30-15,000 cps, where the 

output is amplified into a strip chart recorder. Much of this investi¬ 

gation is being carried out on the examination of two different focus¬ 

ing systems: an acoustic lens using Freon-12 gas, and a parabolic re¬ 

flector. The lens has presented several problems, particularly the re¬ 

quirement of the proper curvature and a suitable method for the 

retention of the gas in the lens. The reflector will not present these 

problems, however. The data accumulated to date is from a face-cent¬ 

ered cubic model with sound of frequency 10,000 cps incident upon 

it. The present observations are the results of Fresnel diffraction and 

do exhibit some regularity in the patterns recorded. 

Isomeric Yield Ratios In Nuclear Reactions 

WILLIAM L. ALFORD 

Department of Physics 

Auburn University, Auburn, Alabama 

The measurement of the cross sections for the production of isomers 

is discussed as a useful way of studying nuclear reactions. Basic con¬ 

cepts are illustrated by examples of thermal neutron capture and charge 

particle induced reactions. Experimental and theoretical results for 

Smltl (n, 2n) and Ndt42 (n, 2n) are reported. 

Study Of N1' Levels In The Simultaneous Reactions B1" 
(He3,p) C12*> Cu + n And Bl" (He‘,n) Cu + p. 

E. L. ROBINSON, M. L. ROUSH, and R. O. MEAD 

Physics Department, and Department of Physics and Astronomy 

Samford University, Birmingham, Alabama, 

and University of Maryland, College Park 

Bombardment of B10 with He3 ions yields, among other reactions, 

B10(He3,p) C12* and Bl0(He3,n) N12*. The C12 and N12 are in particle 

unstable states and emit neutrons and protons, respectively, giving rise 

to two sources of both neutrons and protons. An experiment is under¬ 

way at the University of Maryland Nuclear Structure Laboratory to 

study the levels of N12. An experimental procedure is described which 

circumvents the necessity of neutron spectroscopy for study of N12. The 

broader applications of this technique to other similar complex nuclear 

reactions is discussed. 
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Simultaneous Pulse Height And Spark Chamber 
Track Measurements 

PHILIP J. YOUNG 

Department of Physics 

Auburn University, Auburn, Alabama 

An apparatus was assembled utilizing a helium filled spark chamber, 

two large sodium iodide scintillation counters, and an oscilloscope to 

measure simultaneously the pulse heights and track location of cosmic 

ravs traversing the system. Anticoincidence and coincidence counters 

allowed for the analysis of events within a given pulse height range. 

The Physical Sciences Laboratory 
2 Mv Van de Graaff Facility 

ROBERT G. POLK 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The Army Missile Command at Redstone Arsenal, Alabama, op¬ 

erates a 2 Mv Van de Graaf Positive Ion Accelerator Facility. The 

capabilities and limitations of the Accelerator and the available ex¬ 

perimental and data-handling equipment for nuclear physics research 

are described. Color slides of the Accelerator and some of the more 

interesting apparatus will be shown. Finally, a very brief resume’ of 

some of the work done to date with the Accelerator will be presented 

with a few comments on work now in progress. 

Cross Relaxation In MgO 

EDWARD L. WILKINSON 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

In electron spin resonance involving paramagnetic centers in mag- 

netically-dilute host crystals the simplest spin system contains only one 

type of paramagnetic ion with one set of energy levels. The time re¬ 

quired for the spin system to return to equilibrium value after pulse 

saturation corresponds to the spin lattice relaxation time. Analvticallv, 

this can be described by a set of linear first order rate equations. In 

phenomenological terms, the spins come to equilibrium with the lattice 

via phonon emission or scattering. It the energy levels of different 

spins are nearly overlapping or are some integral multiple of each 

other, a much more insidious process occurs. This process is called cross 

relaxation, — i.e., relaxation by multiple spin flips. Relaxation is now 
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described by a set of coupled nonlinear rate equations containing the 

spin lattice and the cross relaxation transition probabilities. The measur¬ 

ed recovery time can be interpreted only if the physical system validates 

some simplifying assumption with respect to the order of magnitude 

of the intrinsic and extrinsic processes. 

We have observed cross relaxation involving several different para¬ 

magnetic centers in MgO using the pulse saturation recovery method. 

Extrinsic processes were found to be dominate in Fe3+, Mn2+, and 

Cr ‘+ ions only at lower cryogenic temperatures. The spin relaxation time 

of damage centers created by neutron fluxes ranging from 1017 to 1020 

n/cnr was found to be dependent upon concentration and independent 

of temperature from 44TC to 350°K. Assuming the spin-lattice relaxa¬ 

tion of the F centers is due to a Raman process the lower limit of its 

value is 103 times larger than the observed relaxation. This limit is 10* 

times slower than the previously measured relaxation time of the Fe3+ 

resonance, which is very close to the F center resonance in the EPR 

spectra. An angular dependence study of the F center relaxation shows 

that cross relaxation to Fe3+ is occurring with proper orientation of the 

magnetic field. However, this correlation does not completely account 

for the relaxation of these centers and further spin coupling is evident. 

We believe the spins of the F centers and the above mentioned para¬ 

magnetic ions to be cross relaxing to Fe2 + since Fe2+ is known to pos- 

sess an anomalously fast relaxation time and two broad resonance lines. 

Our current investigation of Fe2+ reveals an Orbach process is present 

in the spin-lattice relaxation. This establishes the existence of a pre¬ 

viously suspected excited state much closer to the ground state than 

usually occurs in the iron group ions. 

Breakdown Conduction In Thin Film Capacitors 

PAUL J. HAYES and PAUL P. BUDENSTEIN 

Department of Physics 

Auburn University, Auburn, Alabama 

Recent investigations into some previously reported characteristics 

of breakdown in Al-SiO-Al capacitors are discussed. A study of the' 

voltage and current waveforms shows an abrupt onset of breakdown 

conduction (less than 10ns) followed by a rapid decrease in voltage 

simultaneously with an increase in current. Breakdown conduction con¬ 

tinues until the capacitor voltage drops to a value not below VMIN 

which is of the order of 15 volts. At the cessation of breakdown con¬ 

duction the capacitor again charges to its initial voltage. The genera¬ 

tion of crystalline silicon during breakdown suggests that important 
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chemical changes are involved in breakdown conduction. A study of 

the light pulse accompanying breakdown affords a method for explor¬ 

ing these chemical changes. Preliminary results indicate the presence 

of spectral lines of excited aluminum and silicon atoms characteristic 

of an arc spectrum. Observation of the light pulse by means of a photo¬ 

multiplier tube (peak sensitivity at 4000 A° wavelength) reveals in¬ 

tensity peaks — in particular, there is very sharp peak immediately 

after the onset of breakdown and long before the breakdown current 

reaches its maximum value. Generally several broad peaks follow after 

the cessation of breakdown. 

A Nuclear Cluster Model Analysis Of Elastic Scattering 

G. DONALD THAXTON 

Department of Physics 

Auburn University, Auburn, Alabama 

Elastic scattering is proposed as a possible means of obtaining in¬ 

formation about the cluster structure of complex nuclei. The elastic 

scattering is treated as a 3-cluster problem consisting of the elastically 

scattered projectile plus a 2-cluster target. No effort is made to ac¬ 

count for structure within any of the clusters, and the bound state of 

the target is described in terms of the relative motion of its two clusters. 

A plane-wave Born approximation leads to an elastic-scattering am¬ 

plitude that is a sum of amplitudes describing scattering separately 

from each of the individual clusters of the target. These amplitudes 

each have an angle-dependent coefficient that is easily interpreted in 

terms of the momentum transferred to the target. One then expects 

to predict elastic cross sections relative to the cluster of the target. If 

such predictions are in agreement with experiment and involve only 

a few cluster states, then it should be possible to obtain the complete 

cluster structure of complex nuclei. Preliminary results for elastic scat¬ 

tering of deuterons will be presented. 

Nuclear Evaporation In Cosmic Ray Emulsion Stars 

SANTIAGO GANGOTENA 

Department of Physics 

Auburn University, Auburn, Alabama 

A broad study of nuclear evaporation theory was done using Ilford 

G-5 emulsion stars exposed at balloon altitudes (125,000 feet) over 

Texas. The ranges of 771 black tracks were measured. The energv of 

each particle corresponding to a track was calculated by the empirical 

formula for this type of emulsion assuming all particles to be protons. 
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The results showed a bias in the experiment toward low energies which 

could be explained assuming they were caused by slow alpha particles, 

and could be removed by improving the experimental method. The 

results are compared with previous works. 

The Effect Of Synoptic Analysis Errors On Some 
Predictions Made With The Spectral Vorticity Equation 

DORATHY A. STEWART 
U. S. Army Missile Command 

Redstone Arsenal, Alabama 

In the numerical forecasting techniques used by meteorologists 

hydrodynamic and thermodynamic differential equations are utilized 

to determine the future distribution of a set of variables whose initial 

values are determined from observations. Errors in numerical forecasts 

may be traced to three sources: (1) Approximations made in the gov¬ 

erning differential equations; (2) Approximations involved in the method 

of integration; and (3) Errors in the specification of the initial state. 

He re we shall be concerned with (3). 

Gleeson recently developed a theory which gives quantitative esti¬ 

mates of the effect of the amount of initial data on the predictability 

of atmospheric variables. The three-dimensional structure of the at¬ 

mosphere is usually represented by a series of two-dimensional analyses 

of the variables under consideration. Gleeson’s statistical theory pro¬ 

vides expected variances of errors in two-dimensional analyses. The 

variances are functions of the average spacing between observations 

and the gradient of the variable being analyzed. Standard mathemat¬ 

ical procedures may be used to obtain variances of the errors in pre¬ 

dicted variables. The error theory was tested on the forecasting pro¬ 

cedure described in the following paragraph. 

Nearly three decades ago Charney showed that large-scale atmos¬ 

pheric flow patterns can be predicted by considering only one level. 

The 500-millibar level has traditionally been used for this purpose, and 

the barotropie vorticity equation is assumed to govern the motion. This 

non-linear partial differential equation states that the vertical com¬ 

ponent of the absolute vorticity is conserved by an air parcel. It is 

further assumed that the velocity field can be represented by a stream 

function, and thus we have one equation and one unknown. There are 

two methods of solution. We may approximate the partial derivatives by 

finite differences, or we may express the stream function in terms of a 

truncated spectrum of spherical harmonics. The spectral method is 
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more stable mathematically, and it is the one which was used in the 

present study. 

Gleeson’s error theory describes only errors due to incomplete 

initial information. Thus, it predicts minimum errors to be expected in 

actual forecasts, which are also subject to mathematical and physical 

errors. The theory was initially tested on hypothetical data, and then 

three real situations were examined. Theoretical and observed errors 

were in good agreement for the hypothetical case. Theoretical errors 

were realistic minimum errors for the three real cases. 

Theoretical Determination Of Gravity Effects On The Rotational 
Motion Of A Uniaxial Rigid Close Earth Satellite 

JACK W. CRANSHAW and PHILIP M. FITZPATRICK 

Departments of Physics and Mathematics 

Auburn University, Auburn, Alabama 

The rotational motion of a uniaxial orbiting rigid body influenced 

by gravity-gradient torque is investigated. The method of canonical 

transformations, with the unperturbed motion taken to correspond to 

that of a free uniaxial body, is used. Algebraic equations of transforma¬ 

tion from the Euler angles and their conjugate momenta to the can¬ 

onical constants are obtained by solving exactly Hamilton-Jacobi dif¬ 

ferential equation for the unperturbed motion. The canonical constants 

are interpreted geometrically in terms of certain angle variables which 

appear in a natural way. Systems of first-order ordinary differential 

equations for describing the general perturbations of two complete 

sets of independent variables are given. For the case of a circular orbit 

about an attracting point mass, analytical expressions are obtained (to 

first order in a small parameter) for one of these sets of variables. It 

is found that the angular momentum vector describes a closed path re¬ 

lative to the orbit plane, with no secular change in its magnitude. There 

is no secular change in the coning angle between the symmetry axis 

and the angular momentum vector. This work was supported by the 

George C .Marshall Space Flight Center, Research Projects Labora¬ 

tory, Huntsville, Alabama, under Contract Number NAS8-20175. 

The Cooperative College-School Science Project 
In Mathematics In Conecuh County 

W. L. FURMAN 

Spring Hill College 

Mobile, Alabama 

Schools in Conecuh County have been participating for fixe vears 

in the Visiting Scientists Program and the Cooperative Program of the 
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Alabama Academy of Science. A National Science Foundation grant to 

Spring Hill College has made possible courses in the structure of the 

number system, elementary algebra and elementary geometry during 

the summer of 1966 and academic year 1966-67 for twenty-five sec¬ 

ondary school teachers from this county. Most of these teachers lack 

adequate mathematical preparation. The course content is that of 

Level 1 recommended by CUPM for the training of mathematics teach¬ 

ers. The project is intended to assist a rural county in an attempt to 

modernize its mathematics curriculum. 

Structure Model For Oxidation Kinetics 

HARRY T. WEAVER 

Department of Physics 

Auburn University, Auburn, Alabama 

A model for metal oxide growth rates of epitaxially oriented films 

has been developed. The films are assumed to have a small strain and 

to possess lattice constants nearly equal to the metal substrate value 

so that there is very little grain diffusion. Growth rates resulting from 

this model are compared with experimental data of copper oxide on 

the (113) face of copper metal for several temperatures. 

The Role Of Thermionic Emission and Space Charge 
In The Oxidation Of Metals 

EARL LEWIS COOK 

Department of Physics 

Auburn University, Auburn, Alabama 

A model for the thermal oxidation of metals is presented. The 

model assumes that the ionic species is transported by non-linear ionic 

diffusion and the electronic species by Schottky emission. 

The resulting oxidation kinetics closely resemble many experi¬ 

mentally observed kinetics. The dependence of the kinetics on the 

metal oxide work function offers a possible explanation for the observed 

anisotropy of oxidation on different crystal faces. The experimental 

results of Sleppy on the oxidation of molten aluminum are fitted by 

the present model. 

Design Of An Ultra-Hi^h Vacuum Chamber For 
Ellipsometer Studies Of Metals 

MARLIN H. ANDERSON 

Department of Physics 

Auburn Ehiiversity, Auburn, Alabama 

This paper discusses the design of a demountable ultra-high 

vacuum chamber for the studies of the oxidation of single crystal metals 
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with a polarized light spectrometer. The design requirements are 

rather stringent since the polarized light must enter and exit from the 

chamber without introduction of spurious changes in polarization due 

to the chamber windows. In addition, means for single-crystal sample 

preparation in vacuum and optical alignment of the sample must be 

achieved. 

Industry And Economics 

Economic Development — Opportunities In Alabama 
Effectiveness In Program Implementation 

E. D. CHASTAIN, JR. 

Department of Economics 

Auburn University, Auburn, Alabama 

The existence of knowledge about economics and the existence 

of public and private organizations with economic development mis¬ 

sions do not guarantee within themselves that results will be as de¬ 

sired. These facets must be brought into a dynamic perspective, mis¬ 

sion oriented, with human elements involved. Consideration needs be 

given to targets in development efforts, the initiating or motivating 

forces required for progress, and the wherewithal for sustained re¬ 

source commitment on an increasing basis. 

Development programs tend to be directed on the assumption that 

for the individual and for the group aggregate, people are willing to 

respond to acquire improved material well-being. Increasingly, pro¬ 

gram failures and difficulties have caused visualization of the lack of 

aspirations, initiative, desires, and willingness to accept responsibility 

on the part of individuals essential for the advancement of their ma¬ 

terial well-being. With respect to aggregates, consider the barriers to 

industrial land use and to capital and labor mobility and the unwilling¬ 

ness of managers to assume additional risks. Then visualize effective 

action programs that will eliminate or alleviate the effects of these 

barriers. It is with such problems that the major trouble in economic 

development lies. These problems in turn tend to give stimulus to more 

reliance on deliberate and non-deliberate behavioristic approaches to 

action programs for economic development. When these difficulties 

enumerated are encountered there is a tendency to shift responsibilitv 

from private to the public sector for action, but the problems tend to 

shift also and in some cases on a magnified basis. Shorttime gains mav 

have destructive impacts when longer time periods are considered. 

Attention will need be given more emphatically to the framework 

of reference employed in action programs for development to facilitate 
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a speedup in the rate of progress. It is with such patterns of thought 

and with an interdisciplinary approach that the economists and other 

social scientists concerned with economic development problems may 

receive their greatest challenge and reward. 

Problems Of Allocation In Alabama Development 

R. M. HAVENS 
Department of Economics 

University of Alabama, University 

In a capitalistic society we assume that the operation of relatively 

free markets will determine the allocation of resources. Economists 

generally accept the theory that changes in price of productive factors 

in the various segments of the markets for productive factors will cause 

the necessary movements of these factors to the places and industries 

where they are needed. Unfortunately, in the last two or three decades 

we have learned more specifically the imperfections of these markets. 

While it is true that labor is attracted by the opportunities for higher 

wages in the expanding areas and industries it is also true that there 

are many limitations upon labor mobility. Some of the important in¬ 

terferences with labor mobility are the cost of moving, the lack of 

knowledge of opportunities, and interferences by political regulations or 

union activities. We must also remember that individuals are frequent¬ 

ly reluctant to leave the areas with which they are acquainted in order 

to move to sections where social practices may be quite different. 

The mobility of capital is also limited by many interferences with 

its free movement. Investors are quite naturally reluctant to go into 

communities where they fear that taxation or other political action 

may prevent the profitable operation of a business. Businessmen are 

also reluctant to establish new plants where social tension may inter- 

fer with efficient operation. We need also to keep in mind that a stead- 

ilv increasing source of investment funds in many industries is the fed¬ 

eral government. The growth of the City of Huntsville in the last two 

decades is a significant demonstration of this fact. Of course, we should 

mention the fact that there are many other items to keep in mind when 

the location for a new industry is being studied, such as, availability 

of raw materials, nearness of significant markets, and the possibility 

of securing an adequate number of technically trained people. 

If Alabama is to develop economically in the next few years it must 

make every effort to assist the mobility of both labor and capital into 

Alabama. Unfortunately, our progress in the last few years has tended 

to lag behind the rest of the Southeast. For example, in January of 

this year The Monthly Review of the Federal Reserve of Atlanta shows 
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that in January manufacturing payrolls in Alabama were only 77% 

above the base period of 1957-59, while in this Federal Reserve district 

as a whole they had gone up 97%. Non-farm employment in Alabama 

had increased over the same base period by only 25%, while in the dis¬ 

trict as a whole such employment had risen 36%. 

In Alabama we have always had an ample supply of good labor, 

but unfortunately, too large a proportion of this labor supply tended 

to be relatively unskilled. At the same time we had an even greater 

shortage of persons with important technical training and skills than 

the rest of the country. This lack of balance in our labor supply should 

be overcome to the best of our ability by rapid progress in our higher 

educational system, and by making persons with this type of training 

more willing to come into the state. Newspaper headlines during the 

last decade have made it difficult to recruit our proper share of these 

highlv qualified people from other parts of the country. 

We should also do everything we can to expedite the flow of cap¬ 

ital into Alabama. Political actions should always be taken with a recog¬ 

nition of the effect upon the willingness of people to invest within the 

state. Taxation policies and various tvpes of business regulations should 

be used to make the prospects for profit from operations in Alabama 

more attractive. We should recognize also that the social tensions re¬ 

sulting from the problems of race relations have caused a good many 

businessmen in other parts of the nation to fear that these tensions 

will interfere with efficient production. It is also quite obvious that 

the amount of federal government investment in the State of Alabama 

will be determined to a great extent by the expectation of federal of¬ 

ficials regarding the amount of cooperation they will receive here. In¬ 

vestment by the government in such important areas as education, 

urban renewal, and space will be greatly affected bv our policies in 

the next few years. 

Some Reflections On Quantitative Indicators Of 
Development Potential 

ALLEN WAYNE LACY and E. D. CHASTAIN, JR. 

Department of Economics 

Auburn University, Auburn, Alabama 

The premise of this paper rests upon a justification for more ex¬ 

tensive reliance on the procedures of science in guiding action programs 

for economic development. Measurement activity in economic develop 

ment in the past has been heavily oriented toward accomplishments 

and historical description for public relation purposes. Some concept¬ 

ual representations are presented with examination ol some laeets ol 
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the models in terms of real world conditions. These procedures are em¬ 

ployed in the interest of closing the gap between actual and potential 

output. Limited insights are provided in the form of practical impli¬ 

cations of the analysis. 

Science Education 

Welcome To Huntsville 

JAMES Y. MOULTRIE 

Huntsville Public Schools 

Huntsville, Alabama 

Representing our Superintendent of Education, Dr. Alton Crews, 

and the City Board of Education, it is a professional pleasure for me 

to welcome the Alabama Academy of Science to Huntsville. It is very 

appropriate and stimulating that you chose to meet here. During the 

past decade, Huntsville has become a nationwide symbol for progress 

in the area of science. Our school system stands ready to assist yon in 

any way possible during your stay in Huntsville. We invite you to visit 

some of our new facilities. Yon might be particularly interested in our 

new Butler High School which is unique in design and suited to the 

concept of team teaching. Also of interest should be our new 2500 

megacycle Educational Television Studio located on Monte Sano Moun¬ 

tain. This station permits us to channel up to four programs to our 

schools at one time. Our new Vocational-Technical Center under con¬ 

struction on Drake Avenue is quite unique. It is a circular building with 

classrooms climate controlled. This center will provide a program which 

will significantly affect the educational opportunities for both youth 

and adults of this area. 

The Samford University Physical Science Building 

E. L. ROBINSON 

Physics Department 

Samford University, Birmingham, Alabama 

Samford University’s new Physical Science Building, housing the 

departments of Physics, Chemistry, and Mathematics, is described and 

illustrated. Overall design features are discussed and laboratory facili¬ 

ties and their features are illustrated. 
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Graduate Level Elementary Teachers Sample Science: 
A Process Approach Materials 

JANE SHELTON and HOLLIS FENN 

Highland Park School and Florence State College 

Muscle Shoals and Florence, Alabama 

This new kindergarten through grade six curriculum described here 

was developed by the American Association for the Advancement of 

Science. The writers of this curriculum believe that the emphasis should 

not be on the subject matter itself but on the general elements of pro¬ 

cess which characterize the scientists method of analysis, and it is ex¬ 

pected that the ability to use the processes will remain after many of 

the details of the content have been forgotten. Listed in approximate 

order of increasing complexity, these processes are: Observing, Recog¬ 

nizing and Using Number Relations, Classifying, Communication, In¬ 

ferring, Predicting, Formulating Hypotheses, Making Operational De¬ 

finitions, Controlling and Manipulating Variables, Experimenting, 

Formulating Models, and Interpreting Data. 

A unit to teach the predicting process is described. It is called 

“The Case of the Suffocating Candle”, burning time of a candle in a 

small and large jar was plotted on a graph and children predicted burn¬ 

ing time in another jar by looking at the graph. 

Social Sciences 

Edgar Gardner Murphy And The Alabama 
Constitutional Convention Of 1901 

HUGH BAILEY 

Samford University, Birmingham, Alabama 

Progressivism came to the South and the nation at the turn of the 

century, but most Southern progressives felt Negro disfranchisement 

was a necessary step to progress. Edgar Gardner Murphy, the young 

rector of Montgomery’s St. Johns Episcopal Church who was on the 

brink of a decade of leadership as a national reformer, disagreed, lie 

opposed the calling of the Alabama Constitutional Convention of 1901. 

under the Democratic Party pledge, to disfranchise no whites and most 

Negroes. When the Convention was called, he strenuously fought against 

the Grandfather Clause, the exercise of arbitrary power bv the reg¬ 

istrars, and for a literacy test to be uniformly applied regardess ol 

rgee. While defeated, he still had faith ultimately that justice and rea¬ 

son would prevail. 
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Some Aspects Of Collaboration In The Twentieth Century 

DAVID B. McELROY 

Department of History 

University of Alabama, University 

Treason is a breach of trust. All human life rests on the assumption 

of the trustworthiness of the next man. As the relationship between men 

becomes depersonalized so trust between them is diminished. There 

are many different regions in the landscape of treason. Goethe, in his 

Memoirs, tells of an incident in which he saved a German couple who 

had collaborated with the French from a German mob, and was scold¬ 

ed by an English friend for having done so. Goethe replied, “I had 

rather commit a crime than face a mess.” Two principles thus emerge: 

justice versus order. 

The modern concept of “collaboration” grew out of the Second 

World War in countries occupied by Germany and out of movements 

within Germany itself. The ruler can as easily betray the Volk, by mis¬ 

leading them, as the traitor can, and this was the situation of the 

Widerstand or German resistance movement. These men loved their 

country and to destroy Adolf Hitler might be the salvation of the Fath¬ 

erland, but only at the risk of destroying the very fabric of Germany 

in the process. 

Here perhaps we come closer to the contemporary concept of col¬ 

laboration as applied to the post-World War trials of various prominent 

persons, such as Marshal Petain, Admiral Darlan, and Pierre Laval. 

Winston Churchill came up with the most plausible summary of the 

phenomenon of French collaboration when he said that the French have 

“a highly legalistic habit of mind, and it arises from a subconscious 

sense of national self-preservation against the dangers of sheer anarchy.” 

The other France speaks in the words of Albert Camus, . . . I see two 

ways to death for our country . . . hate and forgiveness. The one seems 

to me as fatal as the other. I have no capacity for hate . . . But forgive¬ 

ness is no better . . . I honor and revere the quality of loyalty in man 

too much to betray it just so that I may enjoy the luxury of an outpour¬ 

ing heart.” 

We are back at the argument between Goethe and his English 

friend — justice or order, citizen or human being? In Goethe’s day a 

bit of good humor and some friendly discussion and the matter was 

dropped. One hundred and fifty years later it was deadly poison to all 

who touched it. 
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Scadta: The First Successful Airline In The Western Hemisphere 

WESLEY P. NEWTON 

Department of History and Political Science 

Auburn University, Auburn, Alabama 

In 1919, several Colombians and Germans established the first suc¬ 

cessful airline to endure in the Western Hemisphere and one of the 

first in the world. Operating from Barranquilla, Colombia, La Sociedad 

Colombo-Alemana de Transportes Aereos (Scadta) became in a few 

vears an influential transportation agency in Colombia, serving to les¬ 

sen the country’s geographic isolation and regionalism. In spite of the 

fact that the Europeans controlled Scadta, the Colombian government 

and people considered the company their own. After a few years, Scadta 

was not content to remain within the boundaries of one country. Its 

plan of expansion, however, brought it into conflict with the United 

States government, for the extension of the company’s service to the 

United States mainland, via Central America and Cuba, required a base 

in the strategic Panamanian area. Sometimes attempting crude pres¬ 

sures, Scadta sought to attain its objective, but the United States block¬ 

ed its efforts. In 1927, that government influenced an American com¬ 

pany, Pan American Airways, to seek domination of Caribbean air 

routes as a means of protecting the Canal from a threat potentially 

posed by Scadta. After fencing with Scadta for a time, Pan American 

Airways bought a majority of the company’s stock in 1931. Because 

of Colombian law, however, the arrangement had to remain secret and 

the Teutonic element retained operating control of the company. 

Scadta never became a significant international airline, confined 

as it was bv United States efforts. Always uneasy at the actuality of 

German flyers using the skies so close to the Canal, the United States 

seized the coming of World War II as the chance to pressure the Co¬ 

lombian government into nationalizing Scadta and ousting its German 

personnel. Soon the company came to be Colombian in most respects. 

St. Bernard College — The First 10 Years As A Four Year 
Institution, 1956-1906 

ALOYSIUS PLAISANCE, OSB 

St. Bernard College, Cullman, Alabama 

The educational institution which has been conducted bv the 

Benedictine monks of St. Bernard Abbey since 1892, first as a high 

school and later as a Junior College, was raised to the status ol a tour- 

year liberal arts college in 1956 when the Southern Association of Schools 

and Colleges formally extended accreditation to the College. With 
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sixty-five years of educational experience, the monks of St. Bernard Ab¬ 

bey in 1956 began to phase out both lower level programs and to con¬ 

centrate into conducting a completely accredited four-year college. 

During the first ten years of this endeavor an awareness of the new 

responsibilities had to be injected into the Abbey members. Men had 

to be chosen to lead the new College and an expanded curriculum 

organized with the necessary faulty and buildings. As the new program 

unfolded the leaders were able to secure funds for the construction 

of needed buildings and the employment of more faculty members. 

To help overcome the former image of St. Bernard College as being 

only a high school or a Junior College a well defined and organized 

public relations program was instituted. 

After ten years as a Senior College, St. Bernard finds itself on a 

solid foundation with an enrollment of nearly 800 students; a faculty 

of over forty; an administration extremely well qualified; and a campus 

improvement plan that assures the sound future of the program begun 

in 1956. 

Some Aspects Of The Presidential Election 
Of 1S40 In Alabama 

WARREN 1. SMITH 
Livingston State College, Livingston, Alabama 

Whig support continued to grow in 1840. In the election of 1836, 

in which there was some confusion in regard to party doctrine, Judge 

White’s ticket secured 44.5 per cent of the votes in Alabama. In 1840 

the Whigs were to increase their share of the vote to 45.5 per cent. 

Already a political pattern had developed that was to remain true for 

another decade and through four successive presidential elections. A 

hard core of some twenty Whig counties had emerged. Other counties 

were to vote in large numbers for the Whigs and thus make the state 

a truly two party state. Despite its success in the local elections and 

in congressional elections, the Whig Party never carried Alabama in 

a presidential or governor’s election. The Democrats were forced to 

put forth their best efforts to avoid defeat, for in 1848, a highwater 

mark of Whig strength the Whigs secured 49.3 per cent of the total 

presidential vote of the state. In the Presidential campaign of 1840, 

there was a great similarity in the charges each side hurled at their 

opponents. Both parties tried to tag the label of Federalist on the other. 

Democrats challenged the very use of the term Whig; whereas the Whigs 

attempted to show they, not the Democrats, were the true followers 

of Jefferson and the old Republican Party. Each side attempted to brand 

the other as the force of abolitionism. 
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The Whigs attacked Van Buren for his votes on the tariff of 1828, 

the centralization of the Executive under his leadership, his vote on 

Missouri, his role in the War of 1812, his pro-abolition stand, his anti¬ 

church views, his support of the Sub-treasury Scheme, plus smaller 

matters such as his vote not to remove the duty on salt. Mr. Dellet at 

a Whig meeting listed forty-one attacks on Van Buren, stressing the 

above mentioned ones, as well as the charges that Van Buren had ad¬ 

vocated the right of free Negroes to vote in New York, had voted to 

prevent the introduction of slaves into Florida, he had sat quietly and 

cooly seeing the constitution violated in the expunging of a portion of 

the journal of the Senate and then approved the act, had asserted the 

people expected too much of the government, had appointed Mr. Leg¬ 

gett, the abolitionist, to a foreign mission, had voted against the ex¬ 

tension of white male suffrage in New York, and had opposed the bill 

to distribute the surplus revenue to the states. Many papers took their 

cue from this lengthy list of charges. The Selma Free Press on Oct. 31, 

1840 near the close of the election compared the situation to 1776. The 

voters had to use the ballot box to throw out the tyrants, who wanted 

a radical revolution and a despotic monarchy, as well as the destruction 

of free labor and wages, and the church in all forms and sects, in addi¬ 

tion to the abolition of laws relating to decent of property, the aboli¬ 

tion of marriage, the annihilation of all banks and the abolition of 

slaverv. Editors had a tendency to be carried away by their own ver- 

bositv. 

Similarities Between Some American And 
European Folk Architectural Traditions 

EUGENE M. WILSON 

Department of Geology and Geography 

University of Alabama, University 

The Chesapeake and Delaware Bay tidewater area acquired im¬ 

portant folk architectural traditions from Europe during the seventeenth 

and eighteenth centuries. These included the rectangular plan, gable 

roof, outside gable-end chimney, front entrance near the center of one 

longer wall and a loft. These were features of small medieval houses in 

Britain and of the English Medieval Style dwellings of Jamestown. An¬ 

other important feature of the Jamestown type was the size approximately 

20 x 16 feet, common for the single room “one-bay” house. The gable 

roof tradition is very old in western Europe and was used by both 

British and German settlers in America. The German-speaking settlers 

of eastern Pennsylvania introduced the horizontal log construction tech¬ 

nique which was widely used on the frontier. It was the combining of 
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British and German construction that produced the general mould for 

American folk houses which evolved in the eighteenth century and 

which retained medieval and earlier styles. 

These styles, extending mainly west and southward from the 

Maryland-Virginia tidewater, appeared in early plantation houses. The 

one-bay house, ancestral to the folk dwellings of the southern United 

States, was widely used for Negro quarters and kitchens and was the 

prototype for most frontier log houses. From it were developed the 

two-room types which continued to be built of logs and of wood frame 

and weatherboarding until about World War If. These folk styles per¬ 

sist in many dwellings of urban slum districts and in rural areas of the 

South. Traditions of western Europe are thus represented in America 

through cultural diffusion. 

Medical Sciences 

Troy State Sanitary Science Students Performance 
—On The— 

American Public Health Associations Professional 
Examinations For Sanitarians In Environmental Health 

D. C. WIDDOWSON 

Science Department 

Troy State College, Troy, Alabama 

This study was intended to show Troy State College Sanitary 

Science Majors’ degree of achievement in acquiring the professional 

knowledge needed by sanitarians in the public health field as deter¬ 

mined by the employment of the testing program specifically designed 

for such use by the Professional Examination Service of the American 

Public Health Association, ft was intended also to make an assessment 

of our general instructional program in this area and to test for “soft 

areas of instruction. Both the pre-tests and post-tests, given one year 

apart, were scored by the Professional Examination Service of the 

American Public Health Association and the data reported back to the 

college for further study and analysis. The tests were given immed¬ 

iately prior to, and following, student exposure to the strictly profes¬ 

sional subject areas. 

Only limited inferences can be drawn from the reported data due 

mainly to the smallness of the sampling. Other inhibiting factors were 

presented by failing to both administer the pre-tests to students prior 

to their enrollment in the sanitary science program, and to administer 

the post-tests just before graduation. 
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Trov State Students showed generally considerably less than na¬ 

tional average improvement during the pre-test and post-test interval. 

This was even more so in the basic science areas, where the change was 

negative rather than positive. Our students showed poorest improve¬ 

ment in those professional areas of Shelter, Air, and Space Contact. 

Much smaller lags were indicated in Public Health Principles and 

Practices, Food Protection, and Water and Waste. Troy State Student 

improvement in the basic science areas, by comparison percentage¬ 

wise with the national average was 47.5% to 60%. This was almost 

entirely attributable to students’ utter failure in the test area dealing 

with physics. This subject area had been omitted altogether from the 

sanitarv science curriculum. On the other hand, Troy Students had ap¬ 

parently made a gain in the applied science section of the test. 

Work toward an upgrading of all the professional subject areas, 

giving special attention to the apparent inadequacies in the area of 

Shelter (housing), Air (ventilation, heating, etc.), and Space (city 

planning, traffic, human distraction, etc) will be emphasized. Future 

tests will be given at more appropriate times. 

Permeability And Transport Properties Of Developing Frog Skin 

R. E. TAYLOR, JR. and S. R. BARKER 

University of Alabama Medical Center 

Birmingham, Alabama 

We have shown bv a variety of techniques that Rana catesbeiana 

tadpole skin does not develop the adult skin property of actively trans¬ 

porting Na+ from pond to body fluid side until late in metamorphosis. 

Ohmic resistance and isotopically determined unidirectional Na+ flux 

measured with amphibian Ringer’s solution bathing both surfaces of 

tadpole skin revealed very high levels of Na+ permeability which de¬ 

clined drastically concurrent with or just prior to development of the 

mechanism for active Na+ transport. Calculations from these data sug¬ 

gested rates of Na+ loss from tadpole to pond water which would 

rapidly deplete body Na + , and lead to death within a few days. How ¬ 

ever, tadpoles fasting in distilled neither died or lost appreciable bode 

Na* during an eight day period, suggesting either that our calculated 

rates of Na+ loss w'ere incorrect or that efflux of sodium through tad¬ 

pole skin might vary Na+ concentrations of the external bathing solu¬ 

tion. Experimental evidence in support of the latter possibilitv has been 

obtained with both isolated tadpole skin and intact tadpoles. Accele¬ 

ration of radiosodium efflux by increased Na' concentration in the 

outside bathing solutions is not predicted bv the physical law s govern- 
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mg simple diffusion. However, exchange diffusion mediated by a mo¬ 

bile carrier localized in a critical cell membrane adequately predicts 

these findings. The changes occurring at the time of transition from 

larval to adult skin may result from development of an energy requiring 

mechanism which alters the carrier at the membrane-body fluid inter¬ 

face reducing its affinitv for Na+ thus providing a mechanism for active 

transport. 

Activity Of Na, K-Dependent Adenosinetriphosphata.se 
In Developing Frog Skin 

JUN KAWADA, R. E. TAYLOR, JR. and S. B. BARKER 

University of Alabama Medical Center 

Birmingham, Alabama 

A ouabain-sensitive, Na- and K-dependent adenosinetriphosphatase 

(Na, K-ATPase) is considered part of the biochemical mechanism for 

active transport of Na and other substances by numerous tissues. Dem¬ 

onstration of this specific ATPase in frog skin, a model system for active 

Na transport, has been difficult by the usual technics for enhancing 

Na, K-ATPase activity: deoxycholate, sonication, differential centri¬ 

fugation and treatment with Nal. Physical separation of the epidermal 

and dermal layers of frog skin has been achieved by soaking in sodium 

halide solutions, cleavage occurring at the epidermal-dermal junction. 

40 to 70% of total epidermal ATPase activity was inhibited by ouabain 

or absence of Na. No significant inhibition was noted in dermal homo¬ 

genates. Active transport of Na cannot be shown in early tadpole skin, 

but develops over a few day’s span late in metamorphosis. Once pres¬ 

ent, the transport system is inhibited by ouabain. Na, K-ATPase activity 

was estimated on homogenates of frog and tadpole epidermis, only 

0-20%’ of tadpole epidermal ATPase was ouabain-sensitive and Na- 

dependent. Absence of active Na transport by tadpole skin may be 

related to inadequate activity of transport ATPase. 

A Model For Chloroquine-DNA Interactions Based On 
Effects Of Aetinomycin-D On The Binding Process 

LERENA WADE BLODGETT and K. LEMONE YIELDING 

University of Alabama Medical Center 

Birmingham, Alabama 

The antimalarial, chloroquine, binds preferentially to purines in 

the double helical form of DNA thereby inhibiting DNA polymerase. 

The binding of actinomycin-D, an anti-tumor drug, has also been 

studied extensively. Actinomycin-D is thought to inhibit RNA poly- 
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merase by binding to the amino group and the ring nitrogen of guanine 

which protrude into the minor groove of the DNA helix. An examina¬ 

tion was made of the binding of these two drugs to determine whether 

they bind independently or competitively. 

The results indicate that saturating the DNA with actinomycin-D 

decreases the subsequent binding of chloroquine by about 50 per cent. 

Actinomycin-D binding to DNA, however, is not influenced by high 

concentrations of chloroquine. Our studies suggest that the bulky ac- 

tinomycin-D molecule (in the minor groove) can prevent binding of 

chloroquine to that portion of each guanine residue extending into the 

major groove, perhaps by steric interference, while the chloroquine 

binding to adenine residues is uninhibited. The smaller chloroquine 

molecule bound in the major groove of the DNA helix, however, does 

not prevent actinomycin-D binding in the minor groove. 

A Kinetic Model Relating Insulin And Glucose Levels 

KENNETH M. PRUITT, JERALD W. CANTRELL 
and HOLBROOKE SELTZER 

Laboratory of Molecular Biology 
University of Alabama Medical Center, Birmingham, Alabama 

and 
Endocrinology Section 

Veterans Administration Hospital, Dallas, Texas 

It has been known for many years that a sudden increase in cir¬ 

culating glucose is a powerful stimulus for insulin secretion. This in¬ 

sulin release with subsequent fall in blood glucose level has been the 

basis for the diagnosis of diabetes mellitus. It has also been noted, 

more recently, that the weight of an individual has a great effect on 

his response to such a test. There have been a large number of methods 

utilized in interpreting the data from these tests. Some of the classifica* 

tions resulting from these methods are: nondiabetic, prediabetic, dia¬ 

betic, hyposecretor, and hypersecretor. The diabetics have been fur¬ 

ther subdivided into: (1) juvenile, (2) adult-onset, and (3) obese cate¬ 

gories. The purpose of this paper is to characterize these patients quan¬ 

titatively from their glucose tolerance tests using criteria which reflect 

the physiological cause of their conditions. From both oral and intra¬ 

venous glucose tolerance test data, specific rate constants arc derived 

for glucose utilization and insulin consumption. Then a specific rate 

constant is calculated for insulin secretion, at any given time up to and 

including maximal insulin leve. This rate constant for insulin secretion 

is based on the assumption that insulin secretion is directly related to 

the glucose level and inversely related to insulin concentration, lb con- 
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sidering all of these factors in a single theory, hopefully we can dis¬ 

tinguish the various “diabetic” conditions and gain some new insight 

into their mechanisms of action. In this paper, oral and intravenous 

glucose tolerance tests in both normal weight and obese individuals 

are analyzed. Some of the applications of this type of analysis are also 

discussed. 

Engineering 

The Effect Of The Earth’s Gravitational Field 
On The Flow Of Fluids With Heat Transfer 

PAUL H. NEWELL, JR. 
University of Alabama, University 

Existing analytical and empirical correlations for the heat-transfer 

and pressure-drop parameters for flowing fluids are primarily beset by 

four effects. These effects result from an inadequate account of the 

earth’s gravitational field; from radial velocity components which occur 

in the entrance region of confined flows, or which are induced or modi¬ 

fied by variable transport properties; from flow instabilities; and, often, 

from a lack of the correct rheological model. The problems associated 

with a developing flow, with variable transport properties, with the 

stability of flow, with rheology, and with a nonuniform density distri¬ 

bution in the presence of gravity are discussed. Results from an ex¬ 

tensive numerical analysis, performed in part on the IBM 7094 at the 

Massachusetts Institute of Technology Computation Center and in part 

on the IBM 7040 at the University of Alabama Medical Center Com¬ 

puter Research Laboratory, are presented. 

It is shown that the effect of the earth’s gravitational field upon 

stable laminar flows with heat transfer is very large and that the trans¬ 

port parameters can be several times those predicted upon ignoring 

the natural convective effect. The effect of the radial velocity com¬ 

ponents is reported to be minor and should account for, at most, de¬ 

viations of the order of fifteen percent. These results are applicable to 

system design. 

Phase Scanning Possibilities Of A Helical Array 

C. F. FINCHER and E. R. GRAF 
Department of Electrical Engineering 
Auburn LTniversity, Auburn, Alabama 

Often, it is desirable in radar and tracking work to obtain an 

antenna radiation pattern having a narrow beam width which can be 
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scanned over a limited angle. One antenna configuration meeting these 

requirements is an array of helical antennas. In addition to having a 

relatively narrow beam width (for properly chosen dimensions), it 

is a circularly polarized antenna. 

The basic method of scanning the beam of radiated energy from 

an antenna arrav consists of creating a phase difference between the 

separate elements. One method for producing this phase difference is 

simply to substitute a length of transmission line in the feed to any one 

of the sources, such that it has a phase lead, or lag, with respect to 

all of the other sources. Another method which can be used to scan 

the beam of an array of two helical antennas is to rotate one antenna 

with respect to the other. It can be shown mathematically that in the 

case of circularly polarized elements, the angle by which one element 

is rotated with respect to the other is equivalent to an electrical phase 

shift between the two elements, and is, in fact, equal. 

To verify this technique, a model was constructed using two heli¬ 

cal antennas resonant at 10 GHz. The recorded radiation patterns agreed 

well with the calculated data. Calculations indicate that a beam width 

of from 10 to 20° can be obtained from two elements, and the main 

beam can be scanned approximately 20° without deteriorating the cir¬ 

cular polarization characteristics of the antenna. The support of the 

Army Missile Command under contract AMC-14525 is gratefully ac¬ 

knowledged. 

Internal Modulation Of Lasers At The Axial Mode Spacing 

ODIS P. McDUFF 
Electrical Engineering Department 
University of Alabama, University 

This paper is concerned with the modulation of a laser by means 

of an internal time varying perturbation of the laser cavity. Two 

methods of perturbation are considered. In the first, termed phase per¬ 

turbation, an element rapidly varies the effective path length of the 

optical resonator. In the second, termed loss perturbation, an element 

rapidly varies the loss of the resonator. A nonlinear analysis of each 

method of modulation is described. 

An internal phase perturbation causes a laser to operate in either 

of two basically different ways. In the first or “FM oscillation" regime 

the laser axial modes are coupled together such that they act as side¬ 

bands of a frequency modulated optical signal. In the second or “phase 

locked” regime, the laser modes are coupled together such that the\ 

produce a series of repetitive light pulses at a rate equal to the per- 
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turbation drive frequency. An internal loss perturbation also produces 

a phase locked oscillation and residts in a pulsed laser output. This 

type of modulation is compared to that obtained with the phase per¬ 

turbation. 

Compacted Soil Strength Estimated From 
Grain Size Distribution And Soil Binder Analysis 

HENSON K. STEPHENSON and JOHN B. KARRH 
University of Alabama, University 

The paper presents a mathematical approach to the problem of 

estimating the strength of a compacted soil from a routine laboratory 

report on its grain size distribution and soil binder analysis. It illustrates 

a means for estimating the CBR for a soil as would be obtained by 

the Alabama 2000 psi compaction method. It also suggests that this 

approach might provide the means for crossing state lines with soil 

strength data whereby soil strength data measured in terms of other 

parameters for any given state might be converted into comparable 

data for any other state or agency. 

The U. S. Bureau Of Mines — Its Organization 
And Research Program 

JOHN P. HANSEN 
U. S. Bureau of Mines 

Tuscaloosa, Alabama 

The Bureau of Mines, created in 1910 following a series of disast¬ 

rous coal mine explosions, has been charged since its inception with the 

safe, economic, and orderly development of the national resources. 

The ultimate goals of the Bureau’s research programs are the conser¬ 

vation of the Nation’s mineral wealth and the wise and efficient use 

of coal, petroleum, natural gas, helium, metals, nonmetals, and other 

commodities of mineral origin. It: (a) promotes the health and safety 

of workers in the mineral industries; (b) is the Nation’s largest pro¬ 

ducer and distributor of helium; (c) prepares the production and re¬ 

source statistics for coal, petroleum, minerals and prepares an economic 

analysis; (d) conducts minerals research including coal, petroleum, min¬ 

ing, and metallurgy. 

Specifically, the Tuscaloosa Metallurgy Research Laboratory is 

one of 10 research facilities conducting research on the recovery of 

minerals and extraction of metals. The two primary missions of the 

Tuscaloosa Metallurgy Research Laboratory are: (1) the beneficiation 

of industrial minerals and (2) heavy liquid beneficiation techniques. 
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A secondary mission is in the area of thermodynamics. Current pro¬ 

gram includes: (a) mica beneficiation, (b) separation of soda and 

potash feldspars, (c) kyanite purification, (d) flotation of industrial 

minerals, (e) microgrinding, (f) phosphate flotation, (g) heavy liquids, 

(h) iron ore reduction, (i) clay evaluation, (j) separation of Mg and 

Ca carbonates, (k) beneficiation of heavy metals, and (1) thermody¬ 

namic data on alkaline earth compounds. 

Description Of Auburn Plasma Phenomena 
Laboratory And Current Experiments 

KENNETH E. HARWELL 
Aerospace Engineering 

Auburn University, Auburn, Alabama 

The proposed interdisciplinary Auburn Plasma Phenomena Lab¬ 

oratory (APPLE) was briefly described. Initially, the laboratory is 

expected to consist of groups from the Aerospace Engineering, Elect¬ 

rical Engineering and Physics Departments of Auburn University. Me¬ 

chanical Engineering will participate later. Ultimately, the proposed 

laboratory will consist of six groups corresponding to the broad in¬ 

vestigative areas of plasma diagnostics, physical properties, electro¬ 

magnetic radiation, plasma propulsion, magnetofluidmechanics and 

MHD power generation. At present, the personnel of this laboratory 

are studying plasmas produced in glow discharge, shock tube, high 

current plasma arc, plasma Q machine, and hypervelocity impact fa¬ 

cilities. Each of these facilities and current experiments was discussed. 

Anthropology 

A Preliminary Investigation Of Fort Toulouse 

DAVID W. CHASE 
Museum of Fine Arts 
Montgomery, Alabama 

During the spring and summer months of 1966, the Montgomen 

Museum of Fine Arts undertook to conduct an archeological appraisal 

of the lands at the junction of the Tallapoosa and Coosa Rivers. Badh 

damaged by flood erosion and random diggings of relic collectors, the 

Indian site and the large earth mound at its northern edge appear to 

be threatened with certain destruction as is the historically important 

French Fort Toulouse site located 150 yards to the east. The fort, known 

to the French soldiers as ‘les Alibamons’, was occupied from 1717 to 
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1763 as an easternmost outpost of the Louisiana Territory. It was again 

rebuilt by American troops under Andrew Jackson and named after 

him. It became the site of the signing of the Treaty of Fort Jackson. 

Archeological investigations were bi-phase in nature. First, the 

Indian site was submitted to test trenching to determine the extent, 

depth and cultural provenience of the productive middens which were 

found there. Despite extensive damage which had been inflicted upon 

the site over a 30 year period by collectors, fairly good evidence was 

obtained to indicate the former presence of at least four separate culture 

groups. The second phase of the project involved limited trenching of 

a field to the south of the historic fortsite. There, fairly convincing evi¬ 

dence of an Indian settlement, probably co-eval with the French fort, 

was found. Both European and native Indian artifacts were found in 

association in several pits. Ruins of a structure which featured a brick 

chimney were also uncovered. 

Lamellar Blades Of Possible Paleo-Indian 

Provenience From Alabama 

OSCAR W. BROCK, JR. 

University of Alabama, University 

Currently it is almost universally the opinion among archaeologists 

that lamellar blade tools are culturally associated with fluted points. 

In the Southwestern United States lamellar blade tools and fluted 

points constitute what has been termed by E. H. Sellers the “Llano 

Complex.” In the Tennessee Valley of Alabama blades occur on sites 

yielding fluted points and other early material, and it has long been 

suggested by DeJarnette, Cambron, Josselyn, and others that such 

blades are Paleo-Indian in provenience. This study, based on a collec¬ 

tion of lamellar blades and fluted points from two Colbert County 

sites at Leighton, presents some evidence favoring the presumed cult¬ 

ural association of these two artifact types. 

Technically, the sequential removal of blades from a prepared core 

is related to the process of fluting projectile points, and a cultural-tech¬ 

nological association of lamellar blades and fluted points is postulated 

for the two sites. Further supporting this relationship is the fact that 

at the two sites all the blades and fluted points recovered are made 

of heavily patinated Ft. Payne chert. Numerous Early Archaic point 

types also occur in heavily patinated chert and may be culturally re¬ 

lated to blade technology. The problem of culturally linking lamellar 

bades to a particular projectile point type or series of types suggests 

the need for more stratigraphic evidences. 
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The Political Systems Of The Shilluk And The Anuak: 
A Comparison Of The Mechanics Of Succession 

GUY H. WOLF, II 
University of Alabama, University 

The political systems of the Anuak and Shilluk are based on a 

lineage system. Political offices are open only to males of a particular 

patrician with succession rotating among those eligible. 

The Anuak have a system of village headmen, who are either 

members of a reigning lineage or a noble lineage. The major differ¬ 

ence between the two lineages is that the noble lineage has been in¬ 

vested with royal emblems. The political power of headmen is equival¬ 

ent since political power is only local in scope. Rebellions against a 

particular headman do not weaken the political power of the office 

but rather reinforce its value with respect to the local community. 

The Shilluk political system is centered on the Reth, who gains 

his office through patrilineal descent from the culture hero. The poli¬ 

tical system is hierarchically structured. Political power is local in 

scope but the office of Reth forms a basis for a nation concept which 

is realized in the election of a Reth. Rebellions against a weak Reth 

are performed in order to maintain national unity. 

Further research is needed in order to understand the allocation 

of political power within societies based on segmentary lineages. 

Cranial Remains From The Moundville Archaeological Complex 

WILLIAM H. COLEMAN 
Department of Anatomy 

University of Alabama Medical Center, Birmingham 

The Moundville site is well documented archaeologically but little 

has been published concerning the physical aspects of the Indians who 

inhabited the site. To date, the published physical anthropology of the 

Moundville Indian includes 15 individuals. A survey of 60 additional 

crania has enlarged the sample size to 72 individuals. 

The skulls are large, brachycephalic (cranial index of 89.7 for 

males and 87.5 for females) and possess high broad vaults with no oc¬ 

cipital protuberance. The faces are massive and broad. Artificial cranial 

deformation was present in approximately 50% of the male and female 

crania. 

Examination of the anthropometric and morphological data indi¬ 

cates that the Moundville Indian is closely allied physically to the 

Koger’s Island Indians of the same period living in the Tennessee River 

Valley. In the larger perspective the Moundville series is part of a 
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brachycranic group of Indians dominating the Southeast in the late 

prehistory period. There is also indication of the Mongolian influence 

within the genetic make-up of these Indians and they are related more 

closely with prehistoric Southwest Indians and Eskimos than the North¬ 

eastern Indian group. 

Diffusional Implications Of Certain Ceramic Types 
In The Lock 3 Reservoir 

J. BENNETT GRAHAM 
University of Alabama, University 

The acquisition of various culture traits by any given cultural sys¬ 

tem via the dynamics of diffusion has been recognized by anthropolo¬ 

gists since the Boasian era. In the prolific ceramic study of the South¬ 

east area of archaeology, anthropologists have attempted to demon¬ 

strate routes of diffusion by tempering substances, vessel forms, and/ 

or decoration techniques. 

Along the Coosa River within the Lock 3 Reservoir of northeast 

Alabama there appears to have been a marked influence in ceramic 

styles from other archaeological localities and regions. During the Mis- 

sissippian stage the shell tempered McKee Island Cord Marked ware 

seems to have diffused south along the Tennessee River and other tri¬ 

butaries from the Dallas Focus in southeastern Tennessee. Also during 

the Mississippian stage the occurrence of Etowah paste range and deco¬ 

ration types suggests a westwardly diffusion from the type location in 

north central Georgia. The sand tempered Alexander Series of early 

to middle Woodland appears to have diffused north from similar types 

found to the south and east. Hence the ceramics of the Lock 3 Reservoir 

were influenced by elements diffusing in at least from the north, east, 

and south. 

Alabama Pebble Tools — A Rudimentary Lithie Technology 

DAVID L. DeJARNETTE 
University of Alabama, University 

A new lithie technology is now recognized for Alabama, and since 

its discovery in Lamar County crude stone tools representing this pat¬ 

terned technique of manufacture are being found in other areas of Ala¬ 

bama and in other states. This technology (named for Matthew Lively, 

an amateur archaeologist who discovered the original material) con¬ 

sists of a percussion technique of manufacture and is primarily uni¬ 

facial. The minimum of percussion blows is employed to produce from 

a pebble or rock a rudimentary sharp edged blade which might have 
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been used effectively for scraping or chopping. This type of technology 

in the Old World has been known for a long time and has been demon¬ 

strated as representing one of the earliest attempts of man to produce 

tools. It also has been demonstrated that man continued to use this 

rapid and simple technique at his convenience even after he developed 

a more advanced form of tool making which added the pressure tech¬ 

nique of chipping to the earlier percussion method. 

Although archaeologists have not established a purely percussion 

level of cultural development in the New World, some are anticipat¬ 

ing such a discovery and have allowed for this in their cultural devel¬ 

opment scheme. 

Although we recognize this new technology in Alabama as being 

a rudimentary form of tool manufacture, it is not possible at this time 

to place it chronologically in the cultural sequence of the area. It could 

well be the continuation of an early tradition which saw its beginnings 

in the Old World and, persisting because of the ease and simplicity of 

making usable tools for specific functions, was imported — with or with¬ 

out more advanced technologies — by the first Indians to migrate to 

the New World. Or it could represent a preprojectile point technology 

which had its beginnings in the New World. 

Stratigraphic excavating must be conducted in order to place it 

in its proper context. 
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Annual Business Meeting 

University Of Alabama In Huntsville 

April 8, 1967 

The meeting was called to order by President Dejarnette at 11:30 A.M 
The minutes of the 1966 Business Meeting were declared approved as 

mailed out to the membership. 
President Dejarnette announced that the meetings for the next three 

years would be held at Samford University, 1968; Mobile College, 1969; 
Auburn University, 1970. 

The President reported that the Executive Committee through a special 
committee had studied the feasibility of inviting the National Science Fair 
to Huntsville, Alabama in 1976. 

The President announced that the Executive Committee favored ap¬ 
pointing a special fiscal agent to handle grant funds. This action would re¬ 
lieve the Academy treasurer of handling grant moneys connected with Aca¬ 
demy-sponsored programs. 

An amendment to the By-Laws passed by the Executive Committee 
to make Anthropology a separate section numbered XI was reported to the 
meeting by President Dejarnette. 

REPORT OF THE SECRETARY (DeVall). Registration for the 1967 
meeting reached 377. Representatives of 64 institutions and agencies register¬ 
ed. The registration, identified by sections, is as follows: 

I Biological Sciences 112 
II Chemistry 32 

III Geology 12 
IV Forestry, Geography and Conservation 12 

V Physics and Mathematics 62 
VI Industry and Economics 16 
VII Science Education . 45 

VIII Social Sciences and Anthropology 30 
IX Medical Sciences 16 

X Engineering 26 
Miscellaneous 14 

Total 377 

AUDITING COMMITTEE FOR THE JUNIOR ACADEMY (Mc- 
Tyeire). The fiscal records of the Junior Academy have been inspected and 
found to be in order and all income and expenditures accounted for. 

The Committee on Science Education submitted a resolution approving 
eight textbooks for Alabama Schools. The resolution was adopted by the 
Executive Committee, Motion No. 288. (See copy of resolution in minutes 
of April 1967 Executive Committee Meeting.) 

297. Motion by Fenn, seconded by Chase that the Alabama Academy 
of Science approve the resolution submitted by the Committee on Science 
Education and that a copy be sent to the State Department of Education 
and the State Textbook Committee with the additional endorsement of the 
Alabama Junior Academy of Science if it approves. Motion passed unani¬ 
mously. 
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RESOLUTIONS COMMITTEE (Hansen). 1. WHEREAS, during the 

past year, death has deprived the Alabama Academy ol Science ot the val¬ 

uable services of six of its members; now, therefore, be it resolved that the 

Academy extend its sympathy to the families of Frederic A. Brett, Peter A. 

Brannon, Wright A. Gardner, Charles M. Goethe, Roland M. Harper, and 

Henry M. Summer; and be it also resolved that members of the Academy 

assembled in this annual business meeting express their appreciation for 

the great contributions to the organization of these departed members by 

rising and standing for a moment of silence. 

2. WHEREAS, the Alabama Academy of Science is completing in Hunts¬ 

ville its Forty-Fourth Meeting, a successful and productive gathering of 

scientists and scientists-to-be; now, therefore, be it resolved that the Aca¬ 

demy manifest its gratitude to: 

H. Clyde Reeves, Presiding Officer of the University of Alabama in 

Huntsville, our host institution; 

W. F. Arendale, General Chairman, Local Arrangements; 

Robert L. Thurstone, Chairman of Local Arrangements, Alabama Senior 

Academy of Science; 

Samuel P. McManus, Chairman of Local Arrangements, Alabama Junior 

Academy of Science; 

J. M. Horner, Chairman of the Gorgas Scholarship Foundation; 

and all others here in Huntsville who have labored to prepare for and 

to facilitate this meeting. 

3. WHEREAS, a creator and sturdy supporter of the Alabama Aca¬ 

demy of Science over the years, a former President, and long-time spokes¬ 

man for the Academy in the AAAS could not participate physically in the 

44th Annual meeting because of the limitations and frailities of the flesh, 

though he is surely here in spirit; therefore, be it resolved that the members 

of the Academy here assembled express their fervant hope that Patrick H. 

Yancy be restored to health in order to continue his service to science and 

his fellow man and that a report of this action by his colleagues be con¬ 

veyed to him. 

298 Motion by Hansen, seconded by Sulzby that the report of the 

Resolutions Committee be accepted and that appropriate letters of appre¬ 

ciation be sent as indicated in the resolution. Motion passed unanimously. 

NOMINATING COMMITTEE (Sensenig). See inside front cover. 

299 Motion by Hansen, seconded by Twellmeyer that nominations be 

closed and that the slate of officers be declared elected by unanimous vote. 

Motion passed unanimously. 

ADMISSION TO MEMBERSHIP COMMITTEE (DeVall). 

Membership, December 31, 1965 740 

Net gain during 1966 138 

Membership, December 31, 1966 878 

Dejarnette turned the meeting over to incoming President H. Ellsworth 

Steele who pledged to work dilligentlv in support of the Acadeim program 

and membership. Newly elected officers were recognized by President Steele. 

The membership by applause conveyed to outgoing President De|arn- 

ette their sincere appreciation of his tenure as President. 

The meeting was adjourned at 12:00 Noon. 

W. B. DeVall, Secretary 
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Engineering Near-Future Interplanetary Missions 
D. A. DAVIS, J. L. ARCHER, and A. G. RENNETT 

The Boeing Company 

Huntsville, Alabama 

INTRODUCTION 

Man’s ancient curiosity about the motion of heavenly bodies led 

to knowledge that was of key importance in the growth of the civilized 

world. In earliest times, the motion of astronomical bodies was used to 

predict the seasons and construct the calendars necessary for political 

operation of states and management of the agriculture necessary to sup¬ 

port those states. The travels of adventurers and tradesmen that provided 

communication between widely separated peoples and was prelude to 

the growth of commerce and nations depended upon navigational skills 

that used astronomical knowledge. Copernical theory removed the earth 

from the center of the universe and has had far reaching effects on phi¬ 

losophy and religion. Studies of the motion of the planets led to Newton’s 

formulation of the laws of motion of material bodies which are not only 

the cornerstone of physical science but have also provided basic engi¬ 

neering tools used in the industrial revolution of the past 200 years. Now, 

the discipline of celestial mechanics developed over 3000 or more years 

to predict the motion of natural bodies through space is being employed 

in man’s latest adventure — a trip to the planets. 

The purpose of this discussion is to present elements of classical 

celestial mechanics applicable to computation of space flight trajectories 

and to give some dynamical details of planned Mars missions. The dis¬ 

cussion is certainly pertinent to the objectives of the Academy: one of 

the world’s major space flight centers is located in our state and its 

activities have a major effect not only upon our economy and growth, 

but also on the educational programs required in our schools and 

universities. 

CALCULATION OL INTERPLANETARY TRAJECTORIES 

Figure 1 shows both the relative distances and relative sizes of the 

planets. If the distance from the Earth to the sun, 93,000,000 miles, is 

chosen as the unit distance, then Pluto revolves at some 40 units from 

the sun. Also, even though the mass of Jupiter is 317 times that of the 

earth, when the mass of the sun is taken as 1, then the mass of all tin' 

remaining members of the system is but 1/448. 

A major problem of calculation of space flight trajectories is that of 

locating the target planet accurately enough so that a rocket with limit¬ 

ed fuel and restart capabilities can be launched into an orbit which 
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permits rendezvous with the desired planet some time in the future. To 

be able to do so requires an ephemeris (a statement of the positions of 

celestial bodies at specified intervals of time) of high accuracy. Ac¬ 

curacy, in fact, much greater than the acquisition ephemerides an as¬ 

tronomer would need in positioning his telescope. Mariner’s recent Mars 

flyby illustrated this when it passed at an altitude slightly different than 

the predicted one. It was concluded from this that either Alars was not 

at the exact position predicted by the ephemeris or its mass is slightly 

smaller than the currently accepted value. Probably a combination of 

these two factors produced the result. Work done in the past few years 

has produced planetary ephemerides sufficiently accurate for presently 

planned missions. However, in addition to the planetary ephemeris, we 

must also have some means of calculating a probe ephemeris. The de¬ 

termination of such a trajectory is identical to the well-known, analytically 

unsolved n-body problem. An excellent first approximation may be ob¬ 

tained, however, by considering only two bodies: the sun and the probe. 

Using Newton’s law, the equation of motion of the problem may be 

written as , 

dR —mM a 
M — =-R 

dt R- 

where /a GM° Gravitational constant times the mass of the sun 

M Mass of the probe 

R Unit vector from the sun to the probe. 

With straightforward manipulations, it is possible to obtain all the 

classic conic results from Equation f including those first given by Kepler 

governing the motion of the planets. If a list were to be made of the most 

useful relations, the following seven would most certainly be included. 

1. The moment of momentum vector which is normal to the trajectory 

plane: 

h = RxV 

2. The vis-viva, or kinetic energy, equation 

2u /a 
\/2 =_± _ 

R a 

3. The e vector1 which is pointed toward periapsis" and whose magnitude 

equals the eccentricity of the orbit 

_ I _ _ A 
e= |n(Vxh)-R 

' A vector whose magnitude equals the eccentricity of the orbit and is directed 

from the central body toward the point of the orbit’s closest approach to the 

body. 

' The point at which the orbit makes its closest approach to the central body. 
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4. The true anomaly or the angle between periapsis (point of closest 

approach) and the location of the body on its orbit. The angle is 

measured with vertex at the center of attraction (the Sun). 

e .R 
= arcos- 

eR 

5. The conic equation for the orbit of the probe 

/ 
R =- 

1 + e cos <!> 

where / is the semi-latus rectum of the conic. The sun is at the princi¬ 

pal focus of the conic. 

6. The mean anomaly 

M = nt 

where t is measured from the time of last periapsidal passage. This 

angle is measured from periapsis to the position the planet or space 

vehicle would have if it moved with its average velocity. 

7. Kepler’s equation 

M — E — e sin E 

where E is the eccentric anomaly and may be defined as follows: 

See Figure 2. 

E arcos 

Equation 7 is expressed in a form which limits its application to 

elliptical trajectories, but analogous relations exist for the hyperbolic 

and parabolic cases. All of the other relations are applicable to a general 

conic. Figure 3 shows examples of the three types of trajectories for 

an Earth-Mars trip. The parameters for any one of the three types il¬ 

lustrated may be calculated using the proper form of the seven relations. 

The conic approximation works over a major portion of the inter¬ 

planetary traverse. But, near the planet from which the vehicle starts 

or when passing near one of the other planets, the simple conic ap¬ 

proximation with only the Sun’s gravity included breaks down; the 

gravity of the planet must be taken into account. Precision computa¬ 

tion requires the effect of the Sun and planet to be handled simultane¬ 

ously. However, in the very near vicinity of the planet, the effect of the 

Sun can be neglected without large inaccuracies arising. What is done 

is to compute the trajectory of the vehicle, first, when under only the 

influence of the Sun, and second, when under only the influence of 

the planet and to fit these trajectories together. 
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There are several ways of making this fit, but one, the “patched 

conic” method, is usually employed. The method consists of defining 

a “sphere of influence” about the planet where the effects of the Sun 

and planet are equal (and small in practice). (See Figure 4). At the 

surface of the sphere, a transition from a Sun-centered coordinate sys¬ 

tem to a planet-centered coordinate system is made. Further computa¬ 

tions in the planet-centered coordinate system are made with only 

the planet’s gravity included. 

The velocity of the vehicle relative to the planet as it pierces the 

sphere of influence is used to calculate the swingby trajectory. This is 

invariably a hyperbola for the missions considered. From the previous 

equation for conic trajectories, the important parameters of the hyper¬ 

bola are as follows. (See Figure 4) 

1. Semi-major axis 

2M (V0)2 r* 

where the superscript* indicates values at the sphere of influence. 

2. Radius of closest approach 

r„ = a (e - 1) 

3. Eccentricity 

(V* )2 r,, 2r„ 
e =-+ l 

4. Angle of turning 
u r 

K arc sec e 

These relations are applied in various, but obvious ways accord¬ 

ing to which of the parameters are known in advance. At first sight, the 

patched conic approximation may seem crude. In fact, it is not good 

for fitting transfers from the earth to lunar flybys. For interplanetarv 

trajectories, the method has seen broad use and experience shows that 

it is both a useful and acceptably accurate tool for initial mission an¬ 

alysis. 

The Keplerian solution outlined above gives good approximate 

tools for analysis of the coasting portions of interplanetary flight trajec¬ 

tories. The powered portions of the trajectory are of very short duration 

relative to the overall time but the thrust forces experienced by the 

vehicle may be very large. In a precision computation, detailed account 

of the thrust forces may be made. However, a very simple and yet 

acceptably accurate approximation for the thrust application can be 

made. The approximation consists of determining the instantaneous 

velocity change necessary to go from the present trajectory to a new 
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trajectory. Standard rocket equations for vacuum flight can then be 

employed to calculate the actual weight of propellant necessary to make 

an equal velocity change. While this approximation does not account 

for certain dynamical effects during the actual, finite thrust period, it 

has been found to be an excellent first approximation for interplanetary 

trajectories. 

Once a flyby or other mission has been identified and launch win¬ 

dows (or the times which allow such constraints as total trip time, range 

safety requirements, etc., to be met) have been located, then conic 

methods and impulsive thrust approximations are abandoned in favor of 

more precise calculations. These more exact approaches employ nu¬ 

merical methods using the calculus of finite differences to integrate 

a’ong the trajectory path. Such approaches allow the inclusion of the 

perturbations omitted bv the conic approximations. That is, the effect 

of non-sphericity of planetary mass distribution, solar radiation pressure, 

the gravitational pull of distant planets, satellites, and asteroids and 

similar effects may all be taken into account. Of course, the more per¬ 

turbations that are included, the longer each calculation requires. The 

complexities that are introduced are illustrated by Figure 5 by the com¬ 

parison of the 2-bodv and n-bodv equations of motion. Because of the 

complexities involved, a high-speed digital computer is essential for mak¬ 

ing precision calculations. The two most common numerical methods 

are those of Cowell and Eneke. In the Cowell formulation R and R are 

found bv integrating the acceleration resulting from the vector sum of 

all forces at each subinterval of the trajectory. In Encke’s method, it is 

the deviations from the Keplerian orbit which are calculated. Whichever 

method is used, it is possible to obtain a better knowledge of the tra¬ 

jectory and refine the initial weight calculations. Variations in the gravi¬ 

tational field and the effect of finite burn times will have non-negligible 

effects, however, exact values of such items as module weights and life 

support equipment will probably have a greater effect. These same exact 

calculations are also needed in scheduling crew activities, particularly 

those carrying out whatever experiments have been placed on board. 

Typical life support constraints which must be included in the weight 

calculations of mission are given in Chart 1. 

There are a large number of references, both classical and recent, 

which give detailed discussions of the dynamics involved in calculating 

interplanetary trajectories as well as the numerical techniques involved 

(1.3,5). 
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UNMANNED MARS MISSIONS 

Presently, the National Aeronautics and Space Administration is 

planning four unmanned missions to Mars. These missions include two 

Mariner flvbys in 1969 and 1971, and two Voyager orbiter-lander mis¬ 

sions in 1973 and 1975. Since the unmanned missions are one-way trips, 

consideration of return trajectories is not critical and the most efficient 

outbound path is the principal criterion. This trajectory is essentially a 

co-tangential ellipse between the orbits of Earth and Mars with arrival 

near opposition (see Figure 6) to improve communications with the 

probe. The co-tangential ellipse is known as a Hohmann transfer after 

the man who showed in 1925 that this transfer requires minimum total 

velocity increment. Figure 7 is an example of a 1971 flyby trajectory 

where August 10, 1971, is the opposition date for this mission. The 

objective of the preliminary mission analysis is to determine the times in 

a particular launch opportunity with minimum energy and performance 

requirements; that is, to establish a “launch window.' An important 

parameter used in defining a launch window is the Initial Mass in Earth 

Orbit, to which the acronym, IMIEO, is applied. Tins quantity not only 

defines the size of the space vehicle required, but also determines launch 

vehicle requirements to place the required mass in orbit. The studv 

may be conducted in two ways. The payload may be fixed and IMIEO 

determined which specifies vehicle requirements. Alternatively, the 

launch vehicle can be fixed, and studies performed to determine the pay- 

load capabilities of the vehicle. The studies in this paper are confined 

to determining IMIEO requirements for fixed payload. 

Figure 8 shows IMIEO requirements for three types of 1971 un¬ 

manned Mars missions: flyby, orbiter and lander. It is seen that a flyby 

mission requires IMIEO’s of about 18,000 to 18,400 lbs. for a 7,000 lb. 

payload at Mars. This is within the capability of the Titan 3C Booster. 

A mission for a 7,000 lb. orbiter has an IMIEO requirement of some 

32,000 to 35,000 lbs. which falls within the capability of the Saturn IB 

booster. The 7,000 lb. unmanned Mars lander on the other hand, has an 

IMIEO requirement of approximately 86,000 to 96,000 lbs. In this case, 

the Saturn IB is too small and since the Saturn V has capability of plac¬ 

ing 265,000 lbs. in earth orbit, it will have more capability than is re¬ 

quired for a simple lander. In such case, one can conclude that either 

a new booster requirement has been identified or larger or multiple pay- 

loads can be placed on Mars. From other and similar results, it appears 

that a full Mars Program would include a modified booster and the 

launching of multiple payloads. A de-rated Saturn V can accomplish 

the lander mission with a reasonable performance margin, while the 



Engineering Near-Future Interplanetary Missions 279 

Saturn V is best utilized in launching a double payload to improve re¬ 

liability or to accomplish two missions with one launch. The Voyager 

vehicle consisting of a Saturn V with modified payload enclosure is 

presently planned for the double payload mission. 

If one examines these same missions for other launch years (see 

Figure 9) it is noted that there is a difference in IMIEO requirements 

and resulting trip times for each launch opportunity. This is primarily 

because the true anomaly of Mars at opposition displays a cyclic varia¬ 

tion with a period ranging between 15 and 17 years. This cyclic variation 

along with the relatively large eccentricity of the Martian orbit (viz., 

0.093) cause a similar cyclic variation for trip times and IMIEO’s of 

capture missions. (This effect is even more pronounced for manned mis¬ 

sions as will be shown below). The effect on IMIEO of unmanned mis¬ 

sions, however, is not so great as to change booster requirements. 

MANNED MARS MISSIONS 

Figure 1 is a pictorial representation of the projected manned mis¬ 

sion trajectories. The manned missions pose a great challenge to engi¬ 

neering technology, since these missions require extremely large amounts 

of energy and have very stringent performance and reliability require¬ 

ments. 

With manned missions the return trajectory is as important as the 

outbound trajectory and the best mission includes an optimization of 

tory in an unmanned mission. However, detailed analysis has shown 

that the outbound portion of an overall optimum trajectory for manned 

missions is essentially the same as the simple one-way optimum for 

unmanned missions. This is because the greatest weights in the mission 

occur at earth departure with approximately 90% of the IMIEO made up 

of propellant. It may be concluded that minimizing the initial earth de¬ 

parture velocity increment approximately minimizes IMIEO. This is a 

• very useful engineering approximation for starting the overall minimiza¬ 

tion process. 

Manned Mars Flyby Missions — For flyby missions, one would 

naturally expect to pass on the lightside of Mars to maximize the view¬ 

ing of the planet’s surface at close distances. As shown in Figure 11 

however, the IMIEO requirements (based on state-of-the-art hardware) 

are around 4,000,000 pounds which require fifteen to sixteen standard 

Saturn V launches to place sufficient mass in earth orbit to carry out 

the missions. Such IMIEO requirements make a lightside Mars flvbv 

an unattractive mission. The lightside flyby mission, moreover, is char- 
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acterized by a 280-300 day outbound trip. At the planet (Figure 10) the 

spacecraft is deflected away from the sun, while on the inbound trip, 

the probe moves within 0.4 to 0.5 A. U. of the sun before returning to 

Earth. The total trip time required is from 500 to 590 days. 

As shown in Figure fl, the flvby requiring the lowest 1MIEO is the 

near terminator (twilight) flyby mission. The near terminator flyby is 

characterized by short trip times to the planet (around 130-150 days) 

and at the planet the spacecraft arrives with a velocity (relative to the 

planet) in the range of 30-40 thousand feet per second. This approach 

velocity is higher than the other flyby missions which have approach 

velocities of approximately 15 thousand feet per second. After flyby the 

spacecraft departs Mars and moves out toward the asteroid belt and 

some 550 days later returns to earth. The total trip time is around 700 

days. This mission has IMIEO requirements between 600,000 and 

1,000,000 pounds. With only three to four Saturn V launches necessary 

to obtain this IMIEO, the near terminator mission has been the most 

studied mission for early manned trips to Mars. O. Ruppe (4) has out¬ 

lined the details of this mission using Saturn V/Apollo hardware, and 

this study has been used as a starting point for most of the manned Mars 

studies conducted by both NASA and industry. The near terminator 

flyby mission has disadvantages though: 1) very long trip times of about 

700 days, and 2) apo-apsis out as far as the asteroid belt which could 

conceivably cause meteor encounter problems. Unmanned probes should 

probably be flown into the asteroid belt to determine severity of this 

problem as well as to investigate the asteroids themselves before under¬ 

taking a manned near-terminator flyby. 

The darkside flyby mission has an advantage of shorter trip time 

(around 460-500 days) but has the disadvantages of: 1) IMIEO’s of 

around 2,000,000 lbs. (Figure 11) which would require several Saturn 

V launches, 2) passes within 0.4 A. U. of the Sun on the inbound trip, 

and 3) lack of surface illumination during flyby. 

With the variety of disadvantages indicated for these flyby mis¬ 

sions and the question of scientific investigations possible with such mis¬ 

sions, there are some reservations about early manned Mars flybv mis¬ 

sions in the 1975-1980 time period. On the other hand, early manned 

near terminator flyby missions may be useful if coupled with Voyager 

since the manned mission could have much greater reliability. These 

questions are of major importance for decisions now being made, but 

w ill not be discussed further here. 

Manned Mars Landing Missions — Missions designed to land men 

on Mars fall into two main categories: the opposition class stopover 
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mission and the conjunction class stopover mission (Figure 10). The 

performance requirements for opposition class missions are characterized 

by high IMIEO’s, short stay times, short trip times, and high earth 

reentry velocities. The performance requirements for conjunction class 

missions are characterized by low IMIEO’s, long stay times, long trip 

times and low earth reentry velocities. 

The opposition class mission is characterized by outbound trajec¬ 

tories of 230-250 days that are similar to those of a darkside flyby mis¬ 

sion. (This trajectory requires an initial departure velocity increment 

near minimum). At planetary arrival the spacecraft is injected into a park¬ 

ing orbit and of the landing option is used, an excursion vehicle departs 

the main spacecraft and lands on the planet s surface. After a designated 

time the excursion vehicle lifts off the planetary surface and rendezvous 

with the main spacecraft. The spacecraft then escapes the planet and 

returns to Earth along a trajectory passing within 0.4 A. U. of the Sun. 

The total trip time is around 450-470 days. 

The IMIEO’s for a 20-day stay opposition class mission range from 

3,000,000 to 12,000,000 pounds in the 1975-1986 time period which would 

require 12 to 50 Saturn V launches. This essentially indicates new launch 

vehicle requirements and perhaps also new upper stage requirements 

using nuclear propulsion to reduce the severity of the launch vehicle 

requirements. Figure 12 shows the effect of the launch year on IMIEO 

for manned Mars lander missions. Figure 13 gives a launch window for 

the 1980 opposition period and shows that a 20-day opposition class 

mission requires around 8,000,000 pounds or about 30 Saturn V launches. 

Figure 14 shows the corresponding trip times required for opposition 

class missions during this time period. 

The conjunction class mission is characterized by launching prior to 

opposition from the Earth on a near Hohmann outbound trajectory. 

After 300-350 days the spacecraft arrives at Mars and injects into a 

parking orbit. It remains there over some optimum stay time, approxi¬ 

mately the time between two successive Earth-Mars oppositions. During 

the stay time of 300-500 days extensive studies of Mars would be made, 

and two or more excursion vehicles would probably be required. After 

the optimum stay time the spacecraft would depart on a near Hohmann 

trajectory back to Earth. The total trip time is around 900-1000 daws. 

Figure 12 also shows that the conjunction class mission has IMIEO’s 

of around 1,500,000 lbs. or about 6 or 7 Saturn V launches. The sta\ 

times for these missions are around 300-500 days with total trip times 

of around 900 days. Such missions may be made if detailed Mars ex 

ploration is to be done. Except for exploration purposes these missions 

are ruled out because of their long total trip times. 
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From these considerations it appears that one either accepts the 

high Earth return velocities and IMIEO’s of the opposition class missions 

in order to gain the shorter trip times or accepts the long trip times of 

the conjunction class missions to gain lower IMIEO’s and earth return 

velocities. The choice is simplified by the fact that there are alternative 

ways of flying the opposition class mission so that one can reduce the 

Earth return velocities and IMIEO’s. The primary reasons for high entry 

velocities are: 

1. For the two trips required on a round trip mission (outbound and 

inbound trips) only one trip is relatively optimum. The outbound 

trip is chosen so as to minimize AV,, which tends to minimize IMIEO. 

The resulting inbound trip is off optimum, and results in a trajec¬ 

tory that passes within 0.4 A. U. of the Sun (Figure 10). 

2. The off optimum inbound trip has large approach angles at Earth 

and the accompanying high velocities. 

Venus Swmgby — One means of reducing the high Earth return 

velocities of the opposition class missions is to utilize a Venus swingby. 

Using a Venus swingby, the gravitational field of Venus changes the 

inbound trajectory so as to approach the earth in small approach angles 

which reduces the approach velocity. Figure 15 shows the heliocentric 

geometry of a manned Mars opposition class mission for 1975 and 1980 

opposition years. For the 1975 opposition year, the Venus swingby is 

used on the inbound conic, but in 1980, the outbound leg is used. Figure 

16 shows the earth return velocities with and without Venus swingbys. 

Ol Dserve that with the Venus swingby the earth return velocity remains 

relatively constant (around 50,000 fps) throughout all oppositions; but 

without Venus swingby, the Earth return velocities vary from 50 to 70 

thousand feet per second. Figure 17 shows the incremental propulsive 

velocity requirements that are associated with the minimum IMIEO 

opposition class missions shown in Figure 12. The variation in the 

Earth return propulsive velocity, AW, without Venus swingby is shown 

in Figure 16. One should also observe that the variations in the oppo¬ 

sition class IMIEO’s shown in Figure 12 follow the Earth return veloci¬ 

ties as well as the Mars departure velocities which also vary with launch 

years. In many of the cases studied to date, the swingbys require less 

than half the IMIEO’s associated with direct opposition missions and 

suffer a time penalty of no more than 25% of the total trip times (2). In 

some cases, however, IMIEO’s are not reduced (9). Studies pursuing this 

point further are still in progress. 

Considerations Affecting IMIEO — It should be pointed out that 

IMIEO’s are strongly influenced by the assumptions employed in a given 
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study and should not be regarded as absolute numbers. The IMIEO’s 

presented in this paper are based on current state-of-the-art technology. 

Based on current techniques, one could be pessimistic about manned 

Mars missions; however, advancements in engineering technology will 

produce more attractive means of landing men on Mars. For example, 

the primary assumptions built into the IMIEO calculations presented 

were: 

1. Allowable Earth entry velocity is 36,000 ft. per second (Apollo en- 

trv vehicle). 

2. All chemical propulsion systems were employed. 

3. No aerobraking was employed at the planet only propulsive braking. 

4. Spacecraft weights were based on current systems. 

IMIEO’s can be reduced by: 1) uprating the Apollo vehicle to re¬ 

enter at 50,000 feet per second or by designing a new reentry vehicle that 

would be not only lighter but capable of entry velocities of up to 60,000 

feet per second, 2) development of suitable nuclear propulsion systems 

or other exotic propulsive systems, 3) the design and development of ap¬ 

propriate lifting bodies which can be utilized to reduce propulsive re¬ 

quirements at the planet, and 4) the redesign of the mission module 

(the crew’s living-quarters) based on data gained from the MOL and 

S-IYB workshop. Studies in progress indicate that these technological 

advancements will reduce the IMIEO requirements about 4 million 

pounds. These advancements coupled with uprated Saturn V boosters 

will make manned Mars opposition class landing missions more attrac¬ 

tive. 

A further means of improving IMIEO’s is given by a new class of 

mission concepts called “alternative mission modes.” These make use 

of flyby trajectories, but utilize a variety of mission operations to land 

men on Mars while still preserving short trip times and reducing 

IMIEO’s. 

A spectrum of alternative mission modes are known. References (6), 

(7), and (8) present results from some of the modes studied to date. 

An example of an alternate mission mode is shown pictorially in Figure 

18. In this mission, the spacecraft departs the Earth on a darkside flyby 

trajectory to Mars, but before flyby, the landing vehicle departs the main 

spacecraft and proceeds ahead to the planet. At flyby the lander escapes 

the planet and rendezvous with the main spacecraft which then pro¬ 

ceeds enroute back to earth. Figure 19 compares IMIEO’s of this mode 

with a standard stopover mission. It is seen that there is an IMIEO re¬ 

duction close to a factor of 4 for the new mode. The disadvantage ol 

such a mission might be in the hyperbolic rendezvous requirement. 

Studies currently in progress are evaluating this mode as well as others. 
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FUTURE MISSIONS 

With the advances that will surely be made in hardware and with 

the accompanying identification of advantageous mission modes, man 

can be in a position to investigate the nearer planets in the coming 

decade. Using instrumented probes, this same decade can also see in¬ 

vestigations of the outer planets well under way. In both adventures 

man's desire and curiosity will set the time table. 
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An Analysis of Selected Retail Sales Trends in 
Metropolitan Birmingham, Alabama: 1958-1963 

LYNDON E. DAWSON, JR. and J. BARRY MASON 

University of Alabama, University 

Retail trade reports published by the Census Bureau for the 1963 

Census of Business reveal that trade data have been published for 219 

Standard Metropolitan Statistical Areas' (SMSA’s), including the Bir¬ 

mingham, Alabama, area which is coextensive with Jefferson County 

Retailing information published for the Birmingham SMSA in 1963 is 

grouped into data by type of establishment for the SMSA, by type of 

establishment for the city of Birmingham, by type of establishment for 

the Birmingham central business district, and by major groupings of 

stores for four other major retail centers in the SMSA. 

Table 1. Birmingham-Jefferson County Retail Sales as a Per Cent of 

Alabama State Retail Sales — 1963 

Type of Business 

SMSA Sales as 

a Per Cent of 

State Sales 

Total 23.1 

Women’s Clothing and Specialty Stores 31.4 

Lumber, Building Materials, Farm Equipment 13.7 

Hardware Stores 21.3 

Miscellaneous General Merchandise Stores 14.8 

Department Stores 37.1 

Limited Price Variety Stores 21.9 

Food Stores 21.7 

Automotive Dealers 26.3 

Gasoline Service Stations 21.5 

Apparel, Accessory Stores 27.0 

Family Clothing Stores 24.0 

Furniture, Home Furnishings, Equipment Stores 24.1 

Eating and Drinking Places 26.9 

Drug Stores, Proprietory Stores 24.0 

Book, Stationery Stores 33.4 

Sporting Goods Stores, Bicycle Shops 33.3 

Jewelry Stores 29.6 

Florists 28.0 

Source: U. S. Bureau of the Census, Census of Business, 1963, Retail Trade: 

Major Retail Centers, Birmingham, Alabama, SMSA, BC63-MRC-13. U. S. 

Bureau of the Census, Census of Business, 1963, Retail Trade: Alabama, 

BC63-RA2. 
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Birmingham Metropolitan Area 

The 1966 Economic Abstract of Alabama reveals that in 1963 the 

Birmingham SMSA contained 18.5 per cent of the state’s population and 

was responsible for 23.1 per cent of Alabama’s retail sales during the 

same year. With reference to total retail sales, Table 1 indicates that 

the Birmingham SMSA has an above average ratio of sales when re¬ 

ferring to retail stores in which depth and breadth of assortment and 

selection, and comparison shopping are of primary importance. Women’s 

fashion stores in the Birmingham SMSA—department stores and women’s 

clothing and specialty stores—obtain 37.1 and 31.4 per cent respectively of 

Alabama’s total retail sales in these categories. Other retail categories 

achieving an above average percentage of Alabama’s retail trade are book 

and stationery outlets, and sporting goods and bicycle establishments. 

These categories account for 33.4 and 33.3 per cent respectively of this 

tvpe retail sales volume. 

On the other hand, outlets in the lumber-building materials and 

the farm equipment fields obtain considerably less than 20 per cent of 

the Alabama retail sales volume. Total retail receipts in the Birmingham 

SMSA increased 16.6 per cent between 1958 and 1963, in contrast to a 

21.1 per cent increase for the entire state. Area sales increases were led 

by automotive dealers, service stations, and home furnishings stores oth¬ 

er than furniture. These retailers registered sales increases of 54.3, 28.3, 

and 68,8 per cent respectively. 

As revealed in Table 2, eleven types of retail outlets in the Birming¬ 

ham SMSA failed to achieve sales increases in the period from 1958 to 

1963. Among the decreases observed, the following seem to stand out: 

lumber, building materials, etc., an almost 10 per cent decrease; hard¬ 

ware stores, a decline of over 19 per cent; miscellaneous general mer¬ 

chandise stores, which registered an almost 10 per cent reduction; wo¬ 

men’s clothing specialty stores, over a 12 per cent decrease; women's 

ready-to-wear stores, a reduction of over 18 per cent; and camera and 

photographic supply stores, a decrease of over 28 per cent in retail sales. 

Certain establishments—such as camera and photographic supply stores; 

household appliance, radio, television, and music stores; and hardware 

stores — seem to have lost business to large integrated stores which have 

added, or expanded, departments merchandising these types ot items. 

Another interesting fact is that food outlets, which lane expanded 

vigorously into many non-food items in recent years, accounted for 

nearly 24 per cent of the retail sales of the Birmingham SMSA area. 

Three of the ten major retail categories included in the Census — lood. 
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Table 2. Percentage Change and Percentage Distribution of Sales in the 
Birmingham Central Business District, Birmingham City, and the 

Birmingham SMSA: 1958-1963 

Percent Change in Sales Percent Distribution of Sales 

Kind of Business Central 
business 
district 

City 

Standard 
Metro¬ 
politan 

Stat srical 
area 

Central 
Business 
District 

City 

Standard 
Metropolitan 

Stat stical 
Area 

1963 1958 1963 1958 1963 1958 

RETAIL STORES 

Total —12.8 10.6 16.6 100.0 100.0 100.0 100.0 100.0 100.0 

Lumber, building materials, 
hardware, farm 
equipment dealers — 19.6 —20.7 —9.9 1.0 1.1 3.4 4.8 3.9 5.0 

Hardware stores —5.5 —414 —19.3 0.7 0 7 0.7 1.3 1.2 1.7 

Other —43.9 —12.9 —5.2 0.3 0.4 2.7 3.4 2.7 3.3 

General Merchandise 
group stores —10.5 12.5 5.9 38.9 37.9 16 7 16.4 13.8 15.2 

Department Stores —5.2 (D) 13.6 34.3 31.6 12.0 (D) 9 2 9.4 

Limited price variety stores —40.9 —6.8 —3.5 3.2 4.7 2,2 2.6 2.1 2.6 

Miscellaneous general 
merchandise stores —24.4 (D) —9.7 1.0 1.6 2.5 (D) 2.4 3.1 

Food stores 5.0 —4.1 13.8 8.2 7.5 19.0 21.9 23.6 24.2 

Automotive dealers 10.9 52.1 54.3 8.3 6.5 26.9 19.5 23.0 17.4 

Gasoline service stations — 1 7.7 1 6.6 28.3 0.8 1.0 6.2 5.8 7.6 6.9 

Apparel, accessory stores —31.4 —8.1 4.2 14.3 1 8.2 6.9 8,2 6.7 7.6 

Men’s, boys' apparel 
stores, custom tailors —42.8 —0.8 5.6 1.5 2.3 1.0 1.1 0.8 0,9 

Women’s clothing, 
specialty stores —57.8 —27.1 — 12.1 4.3 8.9 2 4 3.7 2.4 3.2 

Women’s ready- 
to-wear stores —60 3 —28.5 —18 2 3.9 8.6 2.2 3.5 2.1 3.0 

Family clothing stores (D) 8.0 (D) (D) 3.2 2.4 1.8 2.4 (D! 

Shoe stores —55.5 —32.5 (D) 1.8 3.5 0.9 1.5 (D) 1.3 

Other apparel, accessory stores (D) —21.7 (D) (D) 0.3 0.1 0.1 (D) (D) 

Furniture, home furnishings, 
equipment stores — 1.8 6.4 10.8 1 1.6 10.3 5 6 5.8 5.2 5.5 

Furniture stores 3.2 9.1 13.4 7.4 6.2 3.4 3.4 3.1 3.2 

Other home 
furnishings stores —31.0 69.1 68.8 0.2 0.3 0.5 0 3 0 5 0.3 

Household appliance, radio, 
television, music stores —7.6 —8.3 —3.4 4.0 3.8 1.7 2.1 1.6 1.9 

Eating, drinking places — 1 1.7 5.6 7.0 6.0 5.9 5 2 5 5 5.2 5.6 

Eating places — 1 1.9 7.1 7.9 5 7 5 6 4 7 4 9 4 7 5 0 

Drinking places 
(alcoholic beverages) —6.3 —8.0 —0.7 0.3 0.3 0.5 0.6 0.5 0.6 

Drug stores, 
proprietary stores 1.7 —9.3 17.5 1.5 1.3 2.8 3.4 3 5 3.5 

Other retail stores —21.2 —4.4 —4 6 9 4 1 0 4 7 4 P.6 7 5 9.1 

Liquor stores — 12.2 16 4 (D) 2.4 2.4 2.7 2.6 2 8 (01 

Book, stationery stores 42.2 (D) (D) 0 6 0 9 0 4 (D) 0 3 (D! 

Sporting goods stores, 
bicycle shops — 12.9 26.3 16.3 0 4 0 4 0.4 0 3 0 3 0.3 

Jewelry stores —33.4 1.9 1.8 2.5 1.2 1.3 1 .’ 1 .? 

Florists —24.9 (NA) 9.6 0.2 0.2 0.4 (NA) 0 5 0 5 

Camera, photographic 
supply stores (D) (D) —28.3 — (D) (D) (NA) OT 0 1 

(D) Withheld to avoid disclosure. 

(NA) Not applicable. 

Source: U. S. Bureau of the Census, Census of Business, 1963, Retail Trade: 
Major Retail Centers, Birmingham, Alabama, SMSA, BC63-MRC-13. 
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automotive, and general merchandise — accounted for over 55 per cent of 

Birmingham’s SMSA total retail sales in 1963. 

City of Birmingham 

In 1963 Birmingham had 51.6 per cent of the population of the en¬ 

tire SMSA and accounted for 73.4 per cent of the area’s retail sales. 

However, between 1958 and 1963 the increase in city retail sales was 

only 10.6 per cent in contrast to 16.6 per cent for the entire SMSA. Evi¬ 

dence seems to indicate that more rapid growth in retail volume is tak¬ 

ing place outside the city in, or adjacent to, residential areas which are 

achieving rapid population increases — for example, the south Jefferson 

County area. 

Sales decreases between 1958 and 1963 were experienced in eleven 

categories of stores in the SMSA. Table 2 indicates, however, that there 

were drops in city sales volume for fifteen of the 27 types of establish¬ 

ments for which sales data were given. Within the city, sales declines 

ranging from approximately one per cent to 41 per cent were experienc¬ 

ed by lumber and building materials, hardware, limited price variety, 

food, men’s and boys’ apparel stores, women’s clothing and ready-to-wear, 

shoe, other apparel, household appliances, drinking places, and other 

retail stores. As was true for the entire SMSA, three types of outlets — 

food, automotive, and general merchandise — accounted for over half of 

Birmingham's retail volume. 

Central Business District 

Before looking at the Birmingham CBD retailing figures, it may be 

of interest to compare figures on downtown sales volume and trends in 

eight southern metropolitan areas.2 As revealed by Table 3, the percent¬ 

age of 1963 SMSA sales obtained by selected CBD’s varied from 7.4 

per cent in Dallas to 37.2 per cent in Montgomery. Relatively, sales in 

all of the CBD’s declined. 

During the five-year period between 1958 and 1963, retail sales in 

all but two of the eight CBD’s declined absolutely. Those showing slight 

gains were Montgomery, Alabama, and Atlanta, Georgia, while Jackson, 

Mississippi, had a relatively constant rate of sales. The Dallas, Texas, 

CBD led in the ratio of decline, suffering a 17 per cent drop in retail 

sales during the period. Closely following were Fort Worth, Texas, with 

a drop of 15 per cent in CBD retail sales, and Birmingham, Alabama, 

with a drop of 13 per cent in CBD retail sales between 1958 and 1963. 

Aggregate figures of this nature remove much of the sensitivitx ol 

the data, however. For instance, general merchandise' sales in the Bir- 
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mingham CBD suffered a 10.2 per cent decline during the period; ap¬ 

parel and accessory sales were off almost 22 per cent; while furniture 

and home furnishings sales were off only 5.6 per cent. 

Specifically, four factors which may account directly for the relative¬ 

ly weak showing made by Birmingham CBD retail sales during the 

period include (1) failure to expand and renovate most downtown de¬ 

partment and specialty stores since World War II, (2) failure to con¬ 

struct large offstreet parking facilities adjacent to large complexes of 

specialty stores and department stores, (3) lack of a beautification ef¬ 

fort in the downtown area by planting trees and so forth, and (4) failure 

to provide adequate traffic arteries between the Birmingham CBD and 

outlying residential areas. 

As revealed by Table 4, Birmingham’s central business district 

accounted for 27.1 per cent of city sales and 19.9 per cent of SMSA 

sales. The prominence of CBD stores differed widely by type of estab¬ 

lishment, varying from 74.4 per cent of the SMSA retail sales for depart¬ 

ment stores to approximately 5 per cent for the lumber, building ma¬ 

terials, etc. category. In addition to these two business types, CBD 

outlets were relatively strong in general merchandise, apparel and ac¬ 

cessory, and furniture, home furnishings, and equipment stores. Cate¬ 

gories of this sort emphasized merchandise in which large-selection and 

opportunity-for-comparison shopping were most important to customers. 

On the other hand, downtown retailing tended to be relatively weak in 

types of stores carrying primarily convenience goods such as food, hard¬ 

ware, and drugs. Suburban retailers handling fairly standardized mer- 

Table 3. Dollars and Percentage Changes in Retail Sales Between 1958 and 
1963 in the CBD’s of Selected Southern SMSA’s and CBD Sales as a 

Percentage of SMSA Sales in 1958 and 1963 

SMSA 

Atlanta, Georgia 
Birmingham, Alabama 
Dallas, Texas 
Fort Worth, Texas 
Jackson, Mississippi 
Memphis, Tennessee 
M ontgomery, Alabama 
New Orleans, Louisiana 

Source: U. S. Bureau of the Census, Census of Business, 1963, Retail Trade: 
Major Retail Centers. 

CBD Sales 
($1,000) 

Percentage 
Change 
Between 

CBD Sales as a 
Percentage 

of SMSA Sales 

1958 1963 1958 & 1963 1958 1963 

297,701 301,878 + 1 26.4 19.3 

171,952 150,005 -13 26.6 19.9 

158,264 130,935 -17 11.4 7.4 

140,217 119,586 -15 19.9 14.5 

57,837 57,842 — 28.1 22.2 

107,702 105,475 _2 15.9 1.2.2 

85,540 87,135 + 2 47.3 37.2 

260,262 254,355 _2 27.5 23.6 
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chandise, such as appliances, also thrived at the expense of down¬ 

town outlets. Between f95S and 1963 the retailing percentages achieved 

in Birmingham’s CBD declined from over 26 per cent to less than 20 

per cent of the SMSA sales. This declining percentage was at about the 

same rate experienced between 1954 and 1958. In 1954 Birmingham 

CBD retailers obtained slightly more than 30 per cent of SMSA retail 

sales volume. 

The CBD of all the cities compared also suffered to some ex¬ 

tent because of these four factors. In this respect, the Birmingham CBD 

was similar to CBD’s of the other cities, with the exception that Birming¬ 

ham lagged in the expansion of renovation of existing stores, creation 

of an aesthetically appealing downtown environment, and in providing 

adequate traffic arteries into the suburbs. This lagged development, of 

Table 4. Retail Sales for the Birmingham-Jefferson County SMSA, for the 
City of Birmingham, and for the Birmingham Central Business 

District by Kind of Business — 1963. 

Sales ($1,000) CBD as a Per Cent of 

Kind of Business 
CBD 

Birmingham 
Cirv SMSA 

Birmingham 
Cifv SMSA 

RETAIL STORES — TOTAL $150,005 $553,075 $752,655 27.1 19.9 
Lumber, Building Materials, Hardware, 

Farm Equipment Dealers 1,457 
Hardware Stores 1,082 
Other 375 

General Merchandise Group Stores 53,374 
Department Stores 51,475 
Limited Price Variety Stores 4,802 

Miscellaneous General 
Merchandise Stores 2,097 

Food Stores 12,316 
Automotive Dealers 12,475 
Gasoline Service Stations 1,267 
Apparel, Accessory Stores 21,441 

Men's, Boys' Apparel Stores. 
Custom Tailors 2,212 

Women's Clothing, Specialty Stores 6,512 
Women's Ready-to-Wear Stores 5,873 

Family Clothing Stores * 
Shoe Stores 2,696 
Other Apparel, Accessory Stores * 

Furniture, Home Furnishings, 
Equipment Stores 17,330 

Furniture Stores I 1,028 
Other Home Furnishings Stores 376 
Household Appliance, Radio, 

Television, Music Stores 5,926 
Eating, Drinking Places 9,012 

Fating Places 8,568 
Drinking Places (Alcoholic Beverages) 444 

Drug Stores, Proprietary Stores 2,189 
Other Retail Stores 14,144 

Liauor Stores 3,645 
Book, Stationery Stores 930 
Sporting Goods Stores, Bicycle Shops 609 
Jewelry Stores 3,765 
Florists 226 
Camera, Photographic Supply Stores 

18,831 29,067 7.7 5.0 
3,815 8,753 28.4 12 4 

15,016 20,314 2.5 1 .8 
92,387 103,610 63.2 56.3 
66,505 69,199 77.4 74.4 
12,070 16,078 39.8 29.9 

13,812 18,333 15.2 1 1.4 
1 04,994 177,967 1 1.7 6.9 
148,531 173,394 8.4 7.1 
34,086 56,879 3.7 2.2 
37,892 50,785 56.6 42.2 

5,268 5,985 42.0 36.9 
13,470 18,195 48.3 41.8 
12,421 15,595 47.3 37.7 
13,433 17,856 — _ 

5.1 36 * 52.5 — 

585 * — — 

31,048 39,293 55.8 44.1 
18,553 23,609 59.4 46.7 
2,872 3,586 13.1 10.5 

9,623 12,098 61.6 49,0 
28,853 38,936 31.2 23.1 
26,224 35,126 32.7 24 4 

2,629 3,810 16.9 1 1.6 
15,617 26,531 14.0 8.2 
40,836 56,193 34.6 25.2 
15,152 20,883 24.1 1 7.4 
2,063 2,675 45.1 35.4 
1,948 2.495 31.3 24.4 
6,773 7,907 55 6 47.6 
2,178 3,809 

307 
10.4 5.9 

0 Information not reported to avoid disclosure. 
Source: U. S. Bureau of the Census, Census of Business, 1963, Retail t rade 
Major Retail Centers, Birmingham, Alabama, SMSA. BC63-MRC-13. 
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course, led to the decline of Birmingham’s retail core with relation 

to total SMSA sales. It is entirely possible that if the factors discussed 

could have been corrected, the Birmingham CBD may have maintained 

its share of SMSA retail sales during the period investigated. 

Percentage Change by Type of Retail Outlets 

When comparisons of downtown retail sales between 1958 and 1963 

are attempted by types of retail outlets, a varied economic pattern is 

evident. Even though retail sales declined significantly, gains were re¬ 

corded for automotive dealers and furniture stores, both of which con¬ 

tributed only about 15 per cent to total downtown sales. More signifi¬ 

cantly, however, retail sales decreases of from 1.8 per cent to 60.3 per 

cent were evidenced by all but three of the 29 categories for which data 

are reported. Significant decreases may be seen in the lumber, building 

materials, etc. category; limited price variety stores; all categories of 

apparel stores; all home furnishings stores; jewelry stores; and many 

other retail store types. 

Distribution by Kind of Store 

Table 4 reveals that when the sales distribution by central business 

district store type is examined the importance of “shopping goods” out¬ 

lets is apparent. In 1963, department stores were responsible for 34.3 per 

cent of all downtown Birmingham retail sales. Adding the sales of all 

kinds of apparel outlets to those of department stores, over 53 per cent 

of all downtown retail sales volume in 1963 can be measured. Between 

1958 and 1963, the percentage of downtown business obtained by depart¬ 

ment and apparel stores decreased from over 56 per cent to approxi¬ 

mately 53 per cent primarily because of a significant reduction in spe¬ 

cialty apparel store sales. Interesting enough, specialty stores classified 

by the Census Bureau as “other retail stores” seem to be more important 

within the CBD than for the entire city as a whole and seem to have 

withstood decreases in downtown shopping better than the speeialtv- 

apparel stores. 

Three types of retailing institutions were important contributors to 

retail sales volume in the city of Birmingham — automotive dealers, food 

stores, and general merchandise food stores. Two of these categories — 

automotive dealers and food stores — contributed relatively small per¬ 

centages to downtown retailing volume. 

Other Major Retail Centers 

In 1963, retailing data for the SMSA were expanded to include 

sales data for four other major retail centers in the Birmingham metro- 
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politan area. These four major centers are three planned centers (East- 

wood Mall, Five Points West, and Roebuck) and one unplanned shop¬ 

ping center (Bessemer).1 

In addition to providing total sales for each of the four centers, 

sales were provided for each of the following three broad categories of 

outlets: (1) convenience goods stores, (2) shopping goods stores, and 

(3) all other stores/' 

Census disclosure rules prevent the release of any information which 

would reveal the sales volume of an individual retailer; hence, less 

detailed breakdowns of sales are available for “other major centers” when 

contrasted to information revealed for the entire metropolitan area, the 

eitv of Birmingham, and the Birmingham CBD. 

When retail sales figures for the three major categories of stores are 

examined, Table 5 shows that one planned and one unplanned shopping 

center, Roebuck and Bessemer respectively, had a below average per¬ 

centage of sales in the shopping goods classification. The Bessemer shop¬ 

ping complex, which in reality is a secondary business district within 

the Birmingham SMSA, also had an extremely low percentage of sales in 

the convenience goods category. Retail sales in the “other goods” classi¬ 

fication accounted for the largest portion of retail business in the Besse¬ 

mer shopping complex. In contrast, Roebuck, the planned shopping cen¬ 

ter, had a high percentage of convenience goods sales, while the “other 

goods” classification accounted for less sales in terms of percentage than 

the other two categories. This would indicate that customers shopping 

at the Roebuck center tended to seek items that were relatively standard¬ 

ized both in price and quality where no comparison shopping is neces¬ 

sary. Exactly the opposite seemed to be true in Bessemer. 

The two planned shopping centers of Eastwood Mall and Five 

Points West, with approximately the same percentage of shopping goods 

Table 5. Sales in Major Retail Centers other than the Birmingham Central 
Business District — Birmingham-Jefferson County, Alabama, SMSA—1963 

1963 Sales ($1,000) Per Cent of 1963 Sales in 
Major 

Retail Center 
Total 

Convenience 
Goods 

Shopping 
Goods 

Other 
Goods 

Convenience 
Goods 

Shopping 
Coods 

Other 
Coods 

Planned 

Eastwood Mall $1 ] ,195 $ 3,188 $ 553 $ 2,454 28.5 49.6 21.9 

Five Points West 14,554 5,873 7,395 1,286 40.4 50.8 8.8 

Roebuck 23,071 1 1 ,048 8,450 3,573 47.9 36.6 15.5 

Unplanned 

Bessemer 23,005 2,046 9,762 10,997 8.9 43.3 47.8 

Source: U. S. Bureau of the Census, Census of Business, 1963, Retail Trade: 
Major Centers, Birmingham, Alabama, SMSA, BC63-MRC-13. 
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sales, had a dissimilar picture when examining retail sales of conven¬ 

ience goods and “other goods. Table 5 reveals that consumers placed 

more emphasis on convenience goods shopping at Five Points West as 

was also true with the Roebuck center. On the other hand, Eastwood 

Mall showed some regional center characteristics. 

As the centers are defined by the Census Bureau, Bessemer and 

Roebuck lead the other designated centers in total retail sales by a 

wide margin. 

The method for determining the periphery of major retailing cen¬ 

ters bv including onlv those blocks which have at least one store in the 

general merchandise, apparel, or furniture-appliance group results in 

the drawing of rather narrow boundaries for some districts in contrast 

to others. As an example, the boundaries of the Bessemer major retail 

center (MRC) tend to exclude a large number of businesses along U. S. 

Highway 11 just a few blocks from the Bessemer CBD, and the boun¬ 

daries of the MRC defined as Five Points West exclude a number of es¬ 

tablishments on the Bessemer Road, in contrast, other shopping centers 

such as Eastwood Mall and Roebuck appear to have more accurate boun¬ 

dary lines. 

Additionally, some important Birmingham area retailing centers 

such as the North Birmingham shopping complex, the Ensley secondary 

business district, shopping centers in Vestavia Hills and Mountain Brook, 

and the unplanned business area of East Lake are omitted entirely from 

the Census reports. 

FOOTNOTES 

3 A Standard Metropolitan Statistical Area must contain at least one city 
of 50,000 inhabitants. The SMSA will then include the county of such a 
central city and adjacent counties that are economically and socially inte¬ 
grated with the county and the central city. 

The eight centers examined are Atlanta, Georgia; Birmingham, Alabama; 
Dallas, Texas; Fort Worth, Texas; Jackson, Mississippi; Memphis, Tennessee; 
Montgomery, Alabama; and New Orleans, Louisiana. 

This category includes liquor stores, book and stationery stores, sporting 
goods stores, jewelry stores, florists, and camera and photographic supply 
stores. 

4 “Major retail centers” were defined by the Census Bureau as those concen¬ 
trations of retail stores (located inside the SMSA in which CBD cities are 
located hut outside of the CBD’s themselves) which include a major general 
merchandise store — usually a department store. 
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Major retail centers (MRC) include not only the planned suburban shopping 
centers but also “string” street and neighborhood developments which meet 
the above prerequisites. Frequently the boundaries of a single MRC include 
stores located within a planned center and in addition adjacent stores outside 
the planned portion. In general, the boundaries of the MRC’s have been es¬ 
tablished to include all adjacent blocks containing at least one store in the 
general merchandise, apparel, and furniture-appliance groups of stores and 
where a planned center is involved to include all of the center. 

“Convenience goods stores” include food, drug, and eating and drinking 
outlets. 

“Shopping goods stores” include department, apparel, furniture, and ap¬ 
pliance outlets. 

“All other stores” include automotive, lumber, hardware, building materials, 
gasoline service stations, and other specialty outlets. 
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A Dynamic Programming Algorithm 

for Solution 

of 

Univariate Allocation Problems 

JAMES N. HOOL,1 LARRY A. STROSCHEIN, and JACOB H. VAN ROEKEL 

Department of Industrial Engineering 

Auburn University, Auburn, Alabama 

INTRODUCTION 

The type of problem under consideration consists of allocating a 

finite quantity of an item which occurs in discrete units (e.g money, 

manpower, equipment, etc.) to a finite number of locations, where lo¬ 

cations may be market areas, customers, job centers, warehouses, etc. 

Associated with each such allocation is a quantity which measures 

the value of the assignment, often in terms of profit or cost. The prob¬ 

lem is to make the allocation in such a way that the total value of all 

allocations is either maximized or minimized. 

One method of solving this problem is to use an exhaustive search 

technique whereby all possible allocations are evaluated and compared. 

This method is highly inefficient. The dynamic programming algorithm 

to be shown offers a considerable reduction in the amount of analysis 

required through an orderly examination of a reduced number of 

allocations. This paper presents a general solution to the problem 

involving m discrete quantities of the item to be allocated to n loca¬ 

tions. An example is also provided. 

GENERAL PROBLEM SOLUTION 

The algorithm used to solve the general type of problem is based on 

a recursive relationship that allows the problem to be solved in a simple, 

step-by-step manner. Specifically, each step in the solution consists of 

making an allocation to one more location than was considered in the 

previous step; the first step involves only one location. Once all steps 

have been completed, then the precise optimal allocation is determined 

1 The authors are, respectively, Associate Professor of Industrial Engineering, 

Auburn University, and former Auburn Industrial Engineeing undergrad¬ 

uate students now with the U. S. Air Force. 
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bv a reverse inspection procedure that will be explained in the maxi¬ 

mization example. To solve the problem for the general case let 

. th 
= Che i quantity allocated to a particular location (i =0,1,2, . .,m) 

L. = the j^location (j = l,2,...,n) 

S = the total number of units allocated to locations!, ,L ,... L 

inc lusive (k= 0,1,2, ...,m) 

the total number of units all 

where { = i+k (J?= 0,1,2, ..,m) 

(j-D 

To= the total number of units allocated to locations L,,L„, . . ,L.inclusive , 
' 1 2 j 

y..= the value associated with allocating Q. units to location L 
J- J 

^k(j-l) = the total value associated with allocating S^units to locations 

L1’V , L 
(j-D 

f^. = the total value associated with allocating T units to locations 

L1’L2,'•• 
The basic recursive relationship is defined as 

f?f yij k(j-l) 

for i = 0,1,2, . . ,m 

k= J? -i 

}l ~ m 
when i=l,2, ...,n successively and f - 

o ko 

Application of Bellman s Principle of Optimality to equation (1) above gives 

(1) 

= f. 0 

. = optimum 

i+k Yij + f*k(j-l) 
(2) 

Step 1 Solution (j = 1) 

When j = 1, any arbitrary location can be selected. The corresponding 

analysis of equations (1) and (2) gives 

f 01 Y01 

f"ll = yil 

21 = y 21 

f = y 
ml m 1 

In words, the optimal returns when j = 1 are simply the original y^. values. 

Step 2 Solution (j - 2) 

When j=2 , the location considered when j = 1 plus one additional arbitrary 

location are considered. For this step in the solution let fj | f ^obtained from 

tep 1. 
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Then 

02 y02+fyr01 

12 = y02+f 11 
* 

12 = yl2+f 01 

22 = y02+f 21 
* 

22 = yi2+f*n 

22 y22+f 01 

f(m-l)2 

f (m - 1 )2 = 

ft 

y + f 
y02 (m-1)1 

yt2 + 

f (m- 1)2 y(m-l)2 + f 01 

m2 ~ y02 + f ml 

m2 = yi2 + f (m-1)1 

fm2 ym2 + f01 

Application of equation (2) then gives 

f = optimum 

i + k = 0 | [ y02 + f*0l] 

f . = optimum 1 
y + f" 1 

i + k = 1 [ yi2 klj 

f = optimum 
mz y.. + f , +

 II 3 Lyr2 klj 

The f^ 0 values are best presented in tabular form such 

that values below the lower-left to upper-right diagonal are 

represent allocations involving more than the maximum number 

as Table 1. Note 

omitted because they 

of item units. 
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Table 1 

j = 2 

The fg9 values are determined by adding f ^ ^ values which head the and y 

column and row respectively whose intersection is at f^- The ^ %2 va'-ues are 

determined by selecting the optimal value on each diagonal which is identified 

by the sum J? = i + k. 

Step 3 Solution (j = 3) 

Le t f. 
k2 R 2 ’ 

and compute fn according to 

i3 yi3 ' “ k2 

L«3 
+ f" 

The computed fn^ are presented in tabular form as Table 2. 

Table 2 

j = 3 
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For j = 4, f P3’ an^ the analysis proceeds as outlined. The analyses 

continue thru j = n. 

Example Problem (Maximization) 

A salesman has four hours to spend with three customers in a particular town. 

From past experience, he knows his commission from each customer is a function of 

the time spent with each. The salesman can spend only integral numbers of hours 

with a particular customer. The time/commission relationships are presented in 

the following table. 

TIME SPENT (hrs.) 

0 12 3 

A $20 $48 $51 $65 $80 

B $15 $27 $40 $47 $75 

C $30 $41 $50 $4 5 $33 

The salesman wants to allocate his time among the three customers so as to maximize 

his total commission. 

The solution of this problem follows the general procedure discussed above. 

For sake of clarity let 

Q = hours spent with a customer (i = 0,1,2,3,4) 

L = customers (j = 1,2,3) 

Solution Step 1 : 

Arbitrarily consider first customer A. If the salesman allocates 0,1,2,3, 

or 4 hours to customer A he will receive $20, $48, $51, $65, and $80 respectively. 

That is 

Solu tion 

,01 

,11 

,21 

f 

f" 

S tep 

.31 

41 

2 : 

$20 

$48 

$51 

$65 

$80 

Next consider simultaneously customers A and B. Table 3 is then developed 

v° 
V1 
V2 
V3 

Table 3 

j = 2 

Sk 

CO
 

7^
 II O

 

Sk=1 Sk=2 V3 V4 

yi2 f*kl 
$20 $48 $51 $65 $80 

$15 $35 $63 $66 $80 $95 

$27 $47 $75 $78 $92 

$40 $60 $88 $91 

$47 $67 $95 
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The optimal f^^ values obtained from Table 3 are: 
* 

f,02= $35 

f J2 = $63 

f^22 = $75 

f';32 = $88 

f'42 = $95 

Note that there are three optimal values for f , each associated with a 

different time allocation to customers A and B. 

Solution Step 3 

Consider now making time allocations to customers A, B, and C. Table 4 is 

developed, where f ^ are simply the optimal values obtained from Table 3. In 

this way it is possible to consider customers A, B, and C without need for 

developing a cumbersome table of values. 

Table 4 

The optimal fj| values obtained 

‘ 03 ’ $M 

from Table 4 are: 

13 

23 

33 

43 

$93 

$105 

$118 

$129 

Since computations have been completed for customers A, B, and 

C, it is now possible to determine precisely how much time is to be 

allocated to each customer by reference to Tables'3 and 4. Tabic 4 shows 

that the maximum commission the salesman can obtain is $129. This 

commission can be obtained by allocating one hour to customer C. two 

hours to customer B, and one hour to customer A. This allocation is 

obtained by first reading horizontally across the Table 4 row in w hich 

the $129 value lies to the Q, column (i 1) which indicates that one 
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hour should be allocated to customer C, leaving three hours of time yec 

to be allocated to customers A and B. To determine how the remaining 

three hours are to be allocated, one reads up the Table 4 column in 

which the $129 value lies, and the f*k2 value is identified (f°k2 = $88). 

Table 3 is then referred to, and the f*32 value of $88 is located in the 

body of the table. The Table 3 row in which the $88 value lies indicates 

that two hours (i e. Q, 2) should be allocated to customer B, and 

the corresponding column indicates that one hour should be spent with 

customer A (i e. Sk - 1). ft is seen that, in general, the precise optimal 

allocation is determined by sequentially inspecting the developed so¬ 

lution tables in the reverse order in which they were generated. 

Minimization with the algorithm simply involves selection of the 

minimum values generated in the tables. All other aspects of the mini¬ 

mization procedure are identical to those for maximization. 

SUMMARY 

The algorithm discussed and illustrated is an extremely simple one 

to grasp and use in problems of the general type considered. The dy¬ 

namic programming approach to the solution greatly simplifies required 

computations, and can be (and has been) programmed on a computer. 

In addition, the tables generated during the solution of any problem 

can be used to determine suboptimal solutions if these be required, and 

also for the purpose of conducting problem sensitivity analyses. 
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Records of Three Cyprinid Fishes From 
The Tallapoosa River System1 

JAMES D. WILLIAMS 
University of Alabama 

As part of a continuing study of the ichthyofauna of Alabama, an 

intense survey of the Tallapoosa River system was conducted by the 

author from the fall of 1963 to the winter of 1965. The Tallapoosa, the 

eastern most system of the Mobile Basin, drains an area of approxi¬ 

mately 5,000 square miles. A total of 148 stations was established 

throughout the area and 162 collections were made. Primarily on the 

basis of this survey, we know the fish fauna of the Tallapoosa system 

to consist of 19 families and 114 species and subspecies. Most of these 

were to be expected; however, three species, Notropis uranoscopus, No¬ 

tropis zonistius and Hybognathus haiji are worthy of special note. 

In the following discussion these abbreviations are used: UAIC — 

University of Alabama Ichthyological Collection; T — Township; R — 

Range; sec. — Section; Co. — County; Cr. — Creek; Hwy. — Highway. 

In the list of material the number of specimens and the range in stand¬ 

ard length in millimeters are indicated in parentheses following the 

UAIC accession number. For example, (2, 20-50) means two specimens 

ranging from 20 to 50 millimeters in standard length. 

Notropis uranoscopus Suttkus 

Stargazing Shiner 

The Stargazing Shiner was described by Suttkus (1959) from the 

Cahaba River, 2.2 miles north of Centerville, Bibb County, Alabama. 

The three collections from the Tallapoosa system represent the first 

record of this species outside the Cahaba River drainage. It was col¬ 

lected at three localities in the Tallapoosa, below the Fall Line. Two 

collections, LIAIC 1514 and 1478, were from moderate to large sized 

streams and one collection (Auburn Univ.) was from the river proper. 

Specimens from UAIC 1514 and 1478 were collected over sand and 

gravel bottoms in moderate current. The water was two to three feet 

deep and clear. Some algae were present on the gravel. This habitat 

is essentially the same as reported by Suttkus (1959) for this species 

in the Cahaba River. 

Scale and fin ray counts made on 15 specimens were as follows: 

anal rays 7; caudal rays 19 (one specimen had 17); pectoral raws 13 

to 15 with a mode of 14 and a mean of 14.3; caudal peduncle scales 5-2-5; 

1 Supported in part by a grant from the Ala. Academy of Sciences. 
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lateral line scales ranged from 34 to 36 with a mode of 36 and a mean 

of 35.2; predorsal scales ranged from 13 to 15 with a mode of 14 and a 

mean of 14.1; scales around the body before the dorsal and pelvic fins 

ranged from 20 to 23 with a mode of 22 and a mean of 21.8. These counts 

compare favorably with those reported in the original description. 

Material - UA1C 1415 (2, 20-50) Uphapee Cr„ 3 mi. NW. of Che- 

haw, T17N, R22E, Sec. f, Macon Co., Alabama, 8 November 1964. 

UA1C 1478 (5, 42-46) Uphapee Cr„ 2 mi. E. of Tuskegee, T17N, R24E, 

Sec. 21, Macon Co., Alabama, 26 September 1964. Auburn University 

Unc-at. (8, 40-48) Tallapoosa River, approximately 5 mi. S. of Tallassee, 

T17N, R22E, Elmore-Tallapoosa Co. line, Alabama, 21 November 1959. 

Notropis zonistius (Jordan) 

Bandfin Shiner 

The Bandfin Shiner was described by Jordan (1880) from Suwan¬ 

nee Creek, a tributary of the Chattahoochee River in north Georgia. 

Moore (1957) gives the range as the Chattahoochee River in Georgia 

and Alabama. Yerger and Suttkus (1962) extend the range south and 

east to include the Flint and Apalachicola systems and Gilbert (1964) 

reported it from the upper Savannah River system in Georgia. The 

range is further extended to include the Tallapoosa River system in 

Alabama and Georgia. This species seems to prefer pools with a sand 

or gravel bottom at the end of riffles. Specimens from Wedowee Creek 

(UAIC 1380) were collected in midstream in moderate to swift cur¬ 

rent. Notropis zonistius may have reached the Tallapooosa River sys¬ 

tem through stream capture; however, its presence could be the result 

of bait introduction. 

Gilbert (1964) found a slight gradient in anal ray counts with speci¬ 

mens from the southern part of the range having a modal count of ten 

as compared to nine in the north. The anal rays were counted in 100 

specimens from the Tallapoosa and ranged from eight to ten. The 

mode was nine with a mean of 9.2. Pectoral rays on 25 specimens rang¬ 

ed from 13 to 16 with a mean of 15.2. Scale counts on 25 specimens 

were as follows: lateral line scales ranged from 38 to 42 with a mean 

of 39.5; scales above the lateral line were 7 to 8 with a mean of 7.6; 

scales below the lateral line were 3 to 4 with a mean of 3.8; pre-dorsal 

scales were 15 to 17 with a mean of f6.1; circumferential scales were 

28 to 32 with a mean of 29.3. These counts compare favorably with 

those reported by Gilbert (1964). 

A highly tuberculate male, 61.1 mm standard length, was collected 

in Indian Creek (UAIC 1316) on 5 July 1964. Tubercles were present 



Records of Three Cyprinid Fishes 309 

and well developed on the lower jaw and tip of snout with a single 

row extending from the upper jaw immediately below the nasal open¬ 

ing around the upper anterior edge of the orbit ending on the upper 

posterior margin of the orbit. There were several well developed tuber¬ 

cles scattered in the interorbital and supratemporal region. The sides 

of the head and gill membranes were covered with granular tubercles. 

Tubercles were present on the posterior margin of the scales along 

the lateral line and all scale rows above the lateral line. Tubercles were 

present on the upper surface of the pectoral fin and restricted to the 

fin ravs. Granular tubercles were present on the dorsal and anal fins. 

Tubercles on the female were best developed on the lower jaw and 

the tip of the snout. Elsewhere they were granular. Tubercles were 

absent on the dorsal, anal and pectoral fins, and scales, on all females 

examined. Comparison of tuberculate specimens from the Tallapoosa 

and Chattahoochee revealed no significant differences. 

Material — UAIC 1521 (2, 44-50) Allen Cr., 3.3 mi. south of Shiloh, 

T23N. R25E, Sec. 15, Chambers Co., Alabama, 11 November 1964. UAIC 

1518 (3, 28-55) Cornhouse Cr., across Tallapoosa River at Malone, 

T21S, R10E, Sec. 11, Randolph Co., Alabama, 11 November 1964. UAIC 

1517 (22, 30-71) White Oak Cr., 1 mi. south of Craigford, T20S, R9E, 

Sec. 35, Clay Co., Alabama, 14 August 1964. UAIC 1381 (32, 32-75) 

Bear Cr., 2 mi. SW. of Woodland, T19S, R21E, Sec. 19 Randolph Co., 

Alabama, 14 August 1964. UAIC 1382 (76, 26-65) Cutnose Cr., 4 mi. 

N. of Woodland, T18S, R12E, Sec. 27, Randolph Co., Alabama, 14 

August 1964. UAIC 1383 (4, 58-72) Cohobadiah Cr., at Newell, T18S, 

R12E, Sec. 30, Randolph Co., Alabama, 14 August 1964. UAIC 1317 

(12, 37-69) Mountain Cr. on Georgia Hwy. 5, 3 mi. W. of Tyus, Car¬ 

rol Co., Georgia, 5 July 1964. UAIC 1316 (2, 52-60) Indian Cr., 3.5 mi. 

E-NE. of Tyus, Carroll Co., Georgia, 5 July 1964. 

Hybognathus hayi Jordan 

Cypress Minnow 

The Cypress Minnow was described by Jordan (1884) from speci¬ 

mens collected in the Chiekasawhay River at Enterprise, Mississippi. 

Moore (1957) gives the range as lowland streams in the lower Missis¬ 

sippi Valley and the Gulf Coast to western Florida. The Cypress Min¬ 

now was first reported from Alabama by Bailey, Winn and Smith 

(1954) in the Escambia River drainage. Cook (1959) reported it from 

one locality in the Upper Tombigbee drainage in Mississippi. 

The two localities in the lower Tallapoosa are characterized b\ 

still, murky water over a mud bottom. The streams were 15 to 25 feel 
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wide and two to three feet deep. Some filamentous algae were present 

at one locality (UA1C 1484). 

Lateral line scales were 37 on one and 38 on the other two. Pre¬ 

dorsal scales were 14 on two and 15 on the other. Caudal peduncle 

scales were 7-2-5 on all three specimens. The dorsal and anal rays were 

eight on all three specimens. The pectoral rays were 15 on one speci¬ 

men and 14 on two specimens. 

Material — UA1C 1510 (2, 69-70) Johnsons Cr., just west of Mont¬ 

gomery - Bullock Co. line on Alabama Hwy. 110; T15N; R21E, Sec. 18; 

Montgomery Co., Alabama, 8 November 1964. UAIC 1484 (1, 58) Cole¬ 

man Cr., 0.4 mi. W. of Fitzpatrick, T14N, R22E, Sec. 7, Bullock Co., 

Alabama, 27 September 1964. 
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Small Watershed Program — Alabama 

THOMAS G. AMASON 
Soil Conservation Service, Auburn, Alabama 

To a degree seldom realized, the conservation and intelligent man¬ 

agement of resources not only contribute to real social and economic 

progress, but also play an important part in the attainment of that long- 

sought goal, a world at peace. For as man learns to appreciate that na¬ 

tural resources are the basis of life itself, he is less inclined to destroy 

them with impunity. 

Basically, every person is a conservationist. Each individual in¬ 

stinctively seeks to preserve and improve his life and to enhance the en¬ 

vironment that supports it. 

Despite this instinct, people who are not well informed about con¬ 

servation often fail to act in their own best interests. Not until they 

develop the necessary attitudes, skills, and abilities do they become 

effective conservationists. Then they are able to guide this basic in¬ 

stinct and create for themselves and their children a more secure, har¬ 

monious, and abundant life. This enlightenment is exemplified today 

by the existence of a large number of organizations that devote all 

or part of their energies to conservation. 

Conservation cannot be purchased. It cannot be proclaimed or im¬ 

posed. It can only be attained through belief — belief in the minds of 

the people who control the use of the land. 

Conservation progress around the Nation may be measured in at 

least two ways. One is by conventional figures on the planning and ap¬ 

plication of soil and water conservation practices on farms and water¬ 

sheds. The other is by looking behind such statistical reports and noting 

their beneficial, physical, economic, and social effects. The latter is the 

true measure of conservation progress, though such results obviously 

could not be realized were it not for the measurable accomplishments 

behind them. Soil and water conservation as we have seen it spread 

during the last 30 years is not, and never has been carried on for the sake 

of conservation alone. It has been, on a ever-broadening scale, to further 

the well being of all the people — on the farm, in both rural and urban 

areas, in communities large and small — statewide, regionally, and 

nationally. 

Thus conservation treatment not only protects the land from erosion 

and depletion but it results in better land use to serve the needs ol its 

users, be that for agriculture, recreation, or other purposes. By the same 

token, water conservation measures as they are developed toda\ not 
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only are aimed at preventing floods, erosion and sedimentation but 

also at assuring the availability of water for similar multiple use by all 

the people. 

The Federal Government first supported soil conservation work in 

Alabama in 1934. This was done on the Dadeville erosion control demon¬ 

stration project known as The Buck and Sandy Creek Watershed Project. 

The Congress, in passing the Soil Conservation Act, directed the Soil 

Conservation Service (SCS) to conduct soil surveys to find ways to 

prevent and control erosion and to help farmers plan, apply, and main¬ 

tain a technically sound soil and water conservation program. 

The SCS has become known as the USDA’s technical arm of action 

for soil and water conservation. Through the years the SCS has brought 

together in one staff the trained conservationists needed to assist in 

solving the land and water conservation problems. The staff includes soil 

conservationists; soil scientists; economists; agricultural, hydraulic, drain¬ 

age, and cartographic engineers; and specialists in woodland manage¬ 

ment, biology, range management, plant materials, geology and sedi¬ 

mentation. 

The SCS has been assigned responsibility from time to time to car¬ 

ry on work in addition, yet related, to the going farm conservation pro¬ 

gram. 

For example: 

Administers the Federal part of the National Cooperative Soil 

Survey. 

Administers the Great Plains Conservation Program. 

Makes and coordinates snow surveys for water forecasting in the 

Western States. 

Carries out the Department’s responsibilities in Watershed-Pro¬ 

tection and Flood Prevention Projects. 

'fhe Department’s upstream Watershed Protection and Flood Pre¬ 

vention activities are an integral part of the total soil and water conser¬ 

vation job. The job involves working with local organizations that spon¬ 

sor watersheds projects and individual landowners and operators in water¬ 

shed project areas. 

The Watershed Protection and Flood Prevention Act of f954 reads 

in Section 1: 

“It is the sense of Congress that the Federal Government should 

cooperate with States and their political subdivisions, soil or water 

conservation districts, flood prevention or control districts, and other 

local public agencies for the purpose of preventing such damages 

and of furthering the conservation, development, utilization, and 
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disposal of water and thereby of preserving and protecting the 

Nation’s land and water resources.” 

In twelve years the watershed program has grown from a legislative 

idea into a multi-million dollar program, and it could reach greater 

heights in the decades to come. 

Designed primarily for watershed protection and flood prevention, 

watershed projects have developed a host of multiple-purpose benefits 

that create new economic opportunities in the communities they protect. 

Sponsoring organizations, in formulating project measures, consider 

several tvpes of work with first consideration being given to: 

Watershed Protection Measures: 

Land treatment measures, both for watershed stabilization and pro¬ 

tection and for improved disposal of excess water on farms, are the basic 

element of any development and are considered the first increment for 

project formulation. Emphasis is placed on the development of wildlife 

habitat areas as a part of the land treatment phase of the program. 

Flood Control Measures: 

The retardation of flood runoff by temporary storage on a water¬ 

shed receives first consideration (after land treatment) in formulating 

a system of waterflow control measures. Channel improvement, flood- 

ways, or diversions are considered supplementary to floodwater retarda¬ 

tion rather than alternates. 

Agricultural Water Management Measures: 

Agricultural water management measures are planned for the con¬ 

servation, development, utilization and disposal of water. Included are 

measures for drainage, irrigation or other water management facilities 

that serve groups of landowners engaged in agricultural production. 

Nonagricultural Water Management Measures: 

Nonagricultural water management measures are planned for the 

conservation, development, utilization and disposal of water. Included 

are measures for fish and wildlife development, municipal or industrial 

supplies, recreation, pollution abatement, and control of low water 

stream-flow or other measures serving other than agricultural purposes. 

1. The small watershed program provides Federal assistance to local 

organizations (both technical and financial) in solving watershed prob 

lems which cannot be solved adequately or timelv bv other going pro 

grams. 
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2. It was designed to fill the gap between the farm-conservation 

program and the flood control programs on the major rivers. 

3. It is an attempt by the Federal government to help local groups 

plan and install works of improvements that cannot be installed by 

individuals. 

4. It is a local program with Federal assistance rather than a Federal 

program with local participation. 

For example, small watershed projects must have adequate local 

sponsorship. The sponsors must: 

a. Be qualified under state law. 

b. Submit an application to the State Soil Conservation Committee. 

c. Develop a work plan and enter into a watershed work plan agreement. 

d. Assume their share of cost. 

e. Contract for the construction of all works of improvement on non- 

Federal land. 

f. Require agreements with landowners to carry out recommended soil 

conservation measures and proper farm plans. 

g. Obtain necessary land easements and right-of-way for the installa¬ 

tion of structural measures. 

h. Provide assurance that structural measures will be installed, operated 

and maintained in accordance with applicable state laws. 

i. Employ or retain professional engineers or other needed technical spe¬ 

cialists for the works of improvement for municipal or industrial 

water supply. 

j. Submit a satisfactory plan for repayment of any loan or advance 

obtained under Section 8 of the act. 

In addition to the local sponsors, the state has responsibilities for 

the small watershed program. The state provides, through the State 

Soil Conservation Committee, the following services: 

a. Reviews and approves or disapproves applications from local sponsors. 

b. Recommends priorities. 

c. Reviews and comments on watershed work plans. 

d. Participates in the preparation of work plans. 

e. Assists local sponsors with financing installation, operation and main¬ 

tenance. 

f. Alabama’s State Legislature has provided local people with the op¬ 

portunity of using two enabling acts for the purpose of adequately 

planning and installing watershed projects: the Watershed Conser¬ 

vancy District Law and the Water Management Act. 

The small watershed program is a project-type or community ap¬ 

proach that requires the development of a sound plan with ji definite 
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schedule for installation. As work plans are developed, they are continu¬ 

ously reviewed. Following local sponsor approval, the Soil Conservation 

Service reviews the work plan with the agencies of state government 

such as the State Department of Conservation, Department of Public 

Health, Highway Department, Alabama Extension Service and local 

representatives of federal agencies. Each agency has an opportunity to 

participate and comment on the plan prior to its final approval by the 

Department of Agriculture. 

A watershed project is a spark, a catalyst, that launches a series 

of expanding and pyramiding events — all of them good for the com¬ 

munity — good for the people now living — good for those who will 

come after us. But the spark that ignites a watershed project or soil 

and water conservation is the people; the farm people, the farm families, 

the Community, the State and this Nation. 

Historically, much of the conservation work on the land has con¬ 

tributed to making the countryside a place to enjoy wholesome rec¬ 

reation pursuits. You perhaps expected an up-to-date recording of 

conservation practices on the Alabama landscapes because of the 

small watershed and other conservation efforts. Such a recording might 

include the facts that 57 applications for assistance have been sub¬ 

mitted to the State Soil Conservation Committee and that the Soil Con- 

servaion Service has assisted 28 of these applicants. Through these pro¬ 

jects, the sponsors have planned for a $40,000,000 conservation-instal¬ 

lations program on the 1,500,000 acres of land included in these water¬ 

sheds. The basic element in these costs is for the land treatment 

measures needed on the uplands to stabilize the soil, reduce runoff and 

provide wildlife food and cover. These costs include estimates for in¬ 

stalling 137 floodwater structures that will also benefit 119,000 acres of 

fertile, productive bottom land areas. These floodwater retarding struc¬ 

tures will provide 11,700 acre feet of sediment storage which in past 

years has contributed to the stream pollution problem. 

Since the strong surge of emphasis and interest in outdoor recreation 

began about five or six years ago, we have constantly accelerated our 

efforts toward helping meet the needs for it. During this short period, 

through the going soil and water conservation program, 39,067 acres have 

been developed for wildlife. Also, 5,728 landowners have been assisted 

with their fish pond management. 

It would be a false approach to emphasize that the 137 floodwater 

retarding structures would provide over 4,000 surface acres of water in 

the sediment pools. However, it is a fact that these water acres will be 
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usable for the community recreation, fishing and other benefits tempo¬ 

rarily or incidentally to their primary purpose. 

The community development benefits of the watershed projects in 

Alabama are becoming more evident with each passing year. The com¬ 

munities that have combined broad-scale resource planning with the 

primary objective of the watershed projects are developing new munici¬ 

pal and agricultural water supplies, creating new recreational facilities 

and pleasure for their people. 

To measure success in terms of statistics would be amiss. The real 

measure of success of any undertaking is the joy, the happiness, and the 

satisfaction of working together in common effort with your fellow man. 

The many people working together throughout Alabama can review the 

results of their efforts by this yardstick. 
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Biology 

Effect Of Morphactins On Bean And Alligatorweed 

A. W. ATKINSON, JR. and H. H. FUNDERBURK, JR. 
Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Bean (Phaseolus vulgaris L.) and alligatorweed (Alternanthera 

philoxeroides (Mort.) Griseb.) were treated with one of a new group of 

plant growth regulators called morphactins. Foliar and root applications 

were made to determine specific morphological effects of a morphactin, 

methyl-2-chloro-9-hydroxyfluorene-(9)-carboxylate. Also, combination 

applications of the morphactin and gibberellic acid were made to study 

the possibility of the morphactin acting as an anti-gibberellin. 

Experiments with alligatorweed were conducted in an environmental 

growth room. Foliar applications were made by spraying the foliage un¬ 

til wet with 0, 0.1, 1.0 and 10 ppm aqueous morphactin solutions. Root 

treatments were applied by adding the same series of concentrations to 

nutrient solution in which the plants were grown. After 2 days, stems of 

the treated alligatorweed were found to be curved downward, this ef¬ 

fect being more pronounced at higher concentrations. Also evident in 

treated plants were darkening of leaf color and a reduction of internode 

length. One month after treatment, plants subjected to 1.0 and 10 ppm 

morphactin still showed somewhat irregular leaf development. 

Similar effects were observed on beans that received a foliar treat¬ 

ment of 0, 0.1, 1.0, and 10 ppm morphactin. Applications were made bv 

spraying the foliage until wet just prior to enlargement of the first tri¬ 

foliate leaf. Although there was no effect at the 0.1 ppm treatment, the 

1.0 and 10 ppm applications caused an extensive reduction in drv weight 

as well as in stem elongation above the first true leaves. All leaves on 

treated plants became somewhat darker in color and irregularis curled. 

Considerable secondary growth was noticed at the cotvledonarv node 

as the concentration of morphactin was increased; thus, fresh and dr\ 

weight determinations increased below and decreased alxwe the first 

true leaves. Bean plants treated with gibberellic acid (0.5 ppm. 1.0 ppm) 

then with an equal concentration of morphactin after the gibberellin 
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spray had dried, showed somewhat normal stem elongation; however, 

some leaves exhibited symptoms of slight injury. Dry and fresh weight 

determinations indicated that gibberellin caused some reversal of the 

morphactin effect. 

The Unorthodox Compost Method For Organic Gardeners 

EMMETT B. CARMICHAEL 
University of Alabama Medical Center, Birmingham 

For years we have read that the way to obtain the richest compost 

is to pile the source materials in a heap on the bare ground. In fact, it 

has been stated that it is essential that the compost should have contact 

with the earth. Some authors have advised the use of pits made with 

concrete blocks as side walls and this would allow the compost to come 

in contact with the earth. Some years ago the author dug a pit ten 

feet long, four feet wide and two feet deep. This pit allowed great con¬ 

tact with the earth but it also served as a great source of nutrients for 

the neighboring privet hedge and oak tree. The compost that resulted 

was useless as a plant food. The New Zealand box method is handy for 

small gardens but, again, the boxes do not have bottoms so that the 

compost is allowed to touch the earth. 

The unorthodox compost method as described in this paper has 

been used for ten years and has been found to produce a rich compost 

that has not lost its nutrients to the soil. The author took advantage of 

the south wall of his brick garage as the north wall of his pit. A con¬ 

crete floor about four inches thick was poured next to the garage and a 

wall five feet high was laid using concrete and old bricks placed end to 

end. The wall extended across the back of the pit and then a four inch 

lining of concrete was poured to reinforce the wall. This lining extended 

two feet up the new south wall and the back. The front was left open 

for ease of removing the compost. When the pit was filled with organic 

matter, concrete blocks were placed at the opening of the pit as a tem¬ 

porary front wall. The result was a closed pit eighteen feet and four 

inches long, five feet high and three feet and nine inches wide. 

The following materials have been used to insure a rich compost 

and one that decomposes quite well: leaves, clippings from the lawn, 

peelings from fruits and vegetables, shucks and cobs from roasting ears, 

egg shells, melon rinds, rotting fruits and vegetables, stems and leaves 

from the flower beds. A small amount of lime and commercial fertilizers 

was added occasionally to insure the growth of bacteria and fungi. As 

the leaves were put into the pit, water was added to insure prompt 

decomposition. Three kinds of species of earthworms were placed in the 
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pit not only to consume the organic materials but also to aerate the 

compost. Water had to be added from time to time to keep the compost 

moist but not enough to flood the pit. The pit received the natural rain¬ 

fall and, in addition, half of the rain that fell on the roof of the garage. 

In warm weather, fresh fruit and vegetable trimmings were buried in the 

compost to avoid attracting flies. This method produced an odorless 

compost. 

At the end of the first year or in the early fall, the contents of the 

pit were moved to the front of the pit and allowed to remain a second 

year. At the end of the second year, all of the two year old compost 

was removed. Then one year old material moved to the front of the pit. 

This left approximately two-thirds of the pit free for the new crop of 

source materials. This latter process was repeated each fall and yielded 

from 25 to 50 bushels of rich compost each year. The yield depended 

upon how meticulous and diligent I was in getting the leaves into 

the pit before the winds blew them away. 

Lawn Weed Control With Herbicides 

RICHARD W. COUCH 
Riology Department 

Athens College, Athens, Alabama 

An established, common bermudagrass (Cijnodon dactylon (L.) 

Pers.) turf was subjected to treatment with Tordon (4-amino-3,5-trichlc- 

ropicolinic acid), 2,4-D (alkanolamine salt of 2,4-dichlorophenoxyaeetic 

acid), Ansar 290-D (15.8% triethanol ammonium acid methanearsonate 

plus 5.75% 2,4-D amine salt), and Balan (N-butyl-N-ethyl-a, a, a-tri- 

fluoro-2,6-dinitro-p-toluidine). At the time of application the turf was 

infested with wild onion (Allium vineale L.), henbit (Lamium amplexi- 

caide L.), bluets (Houstonia sp.), common vetch (Vicia sativa L.), oxalis 

(Oxalis stricta L.), and other broadleaf weeds. Crabgrass (Digital ia sp.) 

and yellow foxtail (Setaria lutescens) were problems later in the summer. 

Recommended rates of the chemicals were applied to 5 by 20 ft. 

plots on April 7, 1966. On an active ingredient basis, the rates were 0.9 

lb/A Tordon, 0.2 gal/A 2,4-D amine salt (4 Ib/gal A.E.), 1.5 lb/A 

Balan, and a mixture of 0.2 gal/A 2,4-D amine salt (3.43% A.E.) and 0.5 

gal/A AMA in the Ansar 290-D. The treatments were replicated three 

times and randomized throughout. 

Tordon was applied at too high a rate, resulting in injurious effects 

to all plants, including common bermudagrass. Wild onion and most 

other broadleaf weeds were controlled effectively by 2,4-D. Oxalis con¬ 

trol was less effective in early summer, but overall broadleaf weed 



320 Journal of the Alabama Academy of Science 

control was good. The grasses were not affected. Ansar 290-D gave good 

broadleaf weed control, equivalent to 2,4-D results. Ansar 290-D was 

applied pre-emergence to crabgrass and foxtail, and controlled neither. 

Balan gave good control of both crabgrass and foxtail, but only vetch, 

of the broadleaves. This herbicide showed promise for the control of 

foxtail and crabgrass in lawns. 

Annual Migration Of The Potato Leafhopper Into The Midwest 

HUGH B. CUNNINGHAM 
Department of Zoology—Entomology 
Auburn University, Auburn, Alabama 

For many years uncertainty existed concerning the sudden appear¬ 

ance of dense populations of the potato leafhopper in the Midwest. A 

10-year cooperative investigation established that the insects migrated 

into the area from the south. Data on overwintering areas and popula¬ 

tion densities as well as population buildup will be presented. The 

meteorological conditions associated with the rapid movement of the 

insects over long distances will be discussed along with the methods 

used in making the study. 

The Importance Of Aircraft In Heron Research 

JULIAN L. DUSI 
Department of Zoology—Entomology 
Auburn University, Auburn, Alabama 

The herons occuring in Alabama are relatively large wading birds. 

Size varies from the Green Heron, which is about 15 inches tall, to the 

Great Blue Heron, which is over four feet. Their color and habits also 

make them easily observed from aircraft. 

iVIost small or light aircraft are suitable for use. We prefer high wing 

monoplanes like the Cessna 150 and 172 because of the excellent visi¬ 

bility and handling characteristics. Rotorc-raft would be suitable but cost 

of operation is prohibitive. Aircraft have been especially helpful in 

(1) location of nesting colonies, (2) determinations of distribution, and 

(3) determination of population density. In all of these the aircraft 

permits approaches impossible from the ground, with much greater 

efficiency of time and much greater accuracy. Many colonies are not 

visible from highways and can be found only by aerial observation. 

The best approach to these colonies can be seen from the air and 

helpful aerial photographs can be made to facilitate studies. 

Distribution and population density require covering much terri¬ 

tory. We frequently make these studies along two transect lines: one 
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from Auburn to Demopolis, the other from Auburn to Dothan. Both arc 

about 140 miles long and require three hours for the round trip. The 

width of the transect line is about ten miles. To drive one by car re¬ 

quires about six hours and only the area adjacent to the highway 

would be seen. We have carried out many different studies on herons 

during the past 14 years and have a number more in progress. Grant-in 

Aid funds from Auburn University Graduate School have partially sup¬ 

ported us. Little of this work could have been done with our limited 

time schedule without the use of aircraft and some phases would have 

been absolutely impossible. Therefore, they are highly useful and 

necessarv tools in our research. 

Studies Of The Cattle Egret In Alabama 

ROSEMARY T. DUSI 
Auburn, Alabama 

The Cattle Egret is an important heron in our studies because it is 

the onlv bird that has naturally immigrated into Alabama in recent 

times. It apparently immigrated to South America from Africa at the 

turn of the century and into the United States about 1940. It was col¬ 

lected in Alabama in 1957 and the first nesting and banding of young 

occurred in 1963. 

Our studies are concerned with the ecology and behavior of these 

birds. We have banded over 800 nestlings to determine Fall migration 

patterns into Mexico and Central America. We have marked nests and 

weighed and measured nestlings in order to determine nesting suc¬ 

cess and growth patterns. This has also given us the characteristics bv 

which to distinguish young Cattle Egrets from other species nesting in 

the same colony. Feeding behavior of Cattle Egrets shows their prefer¬ 

ence of association with a flushing agent. They follow grazing cattle, 

plowing tractors, and laborers manually cutting grass, in order to feed 

on the disturbed insects. Food habits studies have shown that then- 

insect feeding does not compete with native herons. The studies also 

show that drought and predators, such as crows, owls, and snakes, can 

greatlv limit nesting success. 

For the coming season we plan to record the vocalizations ol those 

and other herons and to study their movements by the use ol radio 

telemetry. Thus far in our studies we agree with people ol other lauds, 

that Cattle Egrets are beneficial because of their great consumption ol 

insects and lack of competition with the' other species. 
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Geographic Variation in Dicrodon guttulatum 

Dum'eril And Bibron Of The Ecuadorian And Peruvian Littoral 

CHARLES FUGLER 

Auburn University, Auburn Alabama 

The genus Dicrodon, confined to the arid coast west of the Andean 

cordillera, ranges northward from lea, Peru, to Manta, Ecuador. Dicro¬ 

don differs morphologically from the allied and sympatric genus Ameiva 

in having the teeth transversally (Dicrodon) rather than longitudinally 

(Ameiva) disposed. In the genus Dicrodon two species are valid: D. 

heterolepis Tschudi and D. guttulatum Dum'eril and Bibron. The spe¬ 

cific differences are based on the size and the arrangement of the pos- 

terodorsal scales. 

Three geographic races of D. guttulatum are recognized: D. g. 

guttulatum Dum'eril and Bibron, occurring throughout coastal Ecuador 

and northern Peru; D. g. holmbergi Schmidt, known only from Sullana, 

Peru; a heretofore undescribed subspecies confined to Isla Santa Clara 

in the Gulf of Guayaquil. The subspecific populations are differentiated 

on the following criteria: ( 1 ) number of rows of enlarged antebrachial 

scales; (2) number of rows of dorsolongitudinal and dorsotransversal 

scales; (3) the relationship between the supraocular semicircles and the 

frontal plate; (4) maximum snout-vent length. 

Properties Of An Alabama Isolate Of Maize Dwarf Mosaic Virus 

ROBERT T. GUDAUSKAS and DONALD W. GATES 

Department of Botany and Plant Pathology 

Auburn University, Auburn Alabama 

M aize dwarf mosaic virus (MDMV) was first isolated from corn 

(Zea mays L.) in Alabama in 1965, and then from only 1 county, Lime¬ 

stone. In 1966, the virus was found in corn and johnsongrass (Sorghum 

halepense L.) in 13 counties in the State. The Alabama MDMV was 

characterized by obtaining data on the host range, in vitro properties, 

and particle morphology of the virus according to standard plant viro- 

logical techniques. 

Of approximately 200 species, varieties, and eultivars representing 

12 plant families tested, only members of the Gramineae were found 

susceptible to infection by the virus. The dilution end-point of the virus 

in corn sap was determined to be between 10_1 and 10-5. Virus-containing 

sap remained infectious after heating for 10 min. at 50 C, but not after 

heating at 55 C. Infectivity was retained when sap was stored for 48 hr. 

at 22 C but not after 54 hr. The virus was inactivated in sap under ultra- 
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violet light for 12 min. and in a sap-95% ethyl alcohol (v/v) mixture. 

Purification of the virus from corn sap was achieved by chloroform clari¬ 

fication followed by ultracentrifugation. Numerous flexuous-rod particles, 

many of which measured 750 mu in length, were observed in electron 

micrographs of the purified preparations. All properties determined for 

the Alabama MDMV were similar to those reported for MDMV isolates 

from other parts of the United States. 

Characterization Of Nuclear Polyhedrosis Viruses 

From Heliothis Spp. And Trichoplusia Ni 

ROBERT T. GUDAUSKAS and T. DON CANERDAY 

Departments of Botany and Plant Pathology and Zoology-Entomology 

Auburn University, Auburn Alabama 

Nuclear polyhedrosis viruses (NPV) that infect the bollworm or 

corn earworm (Heliothis zea Boddie), the tobacco budworm {II. vires- 

cens F.), and the cabbage looper (Trichoplusia ni Hbn.) are regarded 

as potential biological control agents. Some success in field control of 

these insects with NPV has been achieved, but little is known of the 

factors affecting the viruses, the infection process, and development of 

the diseases in the insect. This study was undertaken to determine the 

stability of some NPV to heat and hydrogen-ion concentrations in aque¬ 

ous suspensions. Six NPV isolates were used: three from Heliothis spp. 

designated as NPV-80, NPV-333, and NPV-CV; and three from T. m 

designated as AU-PR, AU-65, and CL-65. Viral activity in all experi¬ 

ments was assayed with laboratory reared II. virescens, //. zea and T. ni 

larvae. 

Infectivity of NPV-333 and NPV-CV was retained after heating for 

10 minutes at 70 C, greatly diminished at SO C, and lost at 90 C. NPV- 

80 was more stable, infectivity not being lost until the virus was heated 

for 10 minutes at 100 C. AU-PR, CL-65, and AU-65 were in general less 

stable since complete inactivation of all occurred at 82 C. NPV-80 and 

AU-65 were infectious after 30 minutes in suspensions buffered at hvdro- 

gen-ion concentrations ranging from pH 2-12. Greatest total mortalitx 

and mortality rates were induced in larvae treated with viral suspensions 

that had been buffered at pH 7.0. 
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The Calcium Content Of Drinking Water And 
Calcium Nutrition In The Domestic Fowl 

J. R. HOWES 

Department of Poultry Science 

Auburn University, Auburn Alabama 

Because of economics, feed formulation for all poultry is becoming 

more critical. Within the United States experienced nutritionists still dis¬ 

agree as to the precise requirements for some nutrients for specific 

classes of poultry. Some of this disagreement may be attributed to 

variations in environment, the specific factor(s) being difficult to iden¬ 

tify because of the complexity of parameters involved. 

Domestic poultry in Alabama may be offered drinking water con¬ 

taining between 10 and 700 p.p.m. calcium. Using National Research 

Council (1966) feed requirements for chicks, growing pullets and lay¬ 

ers, and collected water consumption data, the calcium intake from feed 

and both soft and hard drinking waters for various classes of poultry 

were calculated. Assuming the NRC calcium requirements were provid¬ 

ed in the feed, birds receiving soft water consumed little extra calcium. 

Growing birds receiving drinking water containing 200 p.p.m. consumed 

an extra 3-5 per cent of the feed calcium. Layers consuming similar 

water received only a fraction of one per cent extra calcium because 

of the higher level of calcium in the diet. 

The calcium content of drinking water may, therefore, represent a 

major variant in the calcium intake of the growing bird, especially if 

the water contains high levels of calcium. This situation will not only 

affect calcium nutrition but bone mineralization since the calcium- 

phosphorus ratio will be altered. Furthermore, some of the higher 

calcium intakes may affect trace mineral nutrition. 

Fatty Livers In Coturnix Fed High Dietary Levels Of Fat 

J. R. HOWES and T. C. FITZGERALD 

Department of Poultry Science and School of Veterinary Medicine 

Auburn University, Auburn Alabama 

During the past two years, studies at Auburn have indicated that 

coturnix fed high levels of dietary fish oil, animal or vegetable fat 

experienced above average mortality. Little mortality was obtained 

using caloric diets containing low levels of fat. 

For further investigation, 20 coturnix of each sex were allocat¬ 

ed at random, 5 to each of 4 treatment groups. Diets containing 880, 

1050, and 1150 P. E. Cal/454 gr were fed in addition to a diet contain¬ 

ing 1150 Cal/454 gr with no added fat. After 60 days the birds were 
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sacrificed and the liver tissue prepared and stained. The livers contained 

fat proportional to that offered in the diets. At the high level of dietary 

fat, many areas of the liver showed fatty infiltration and degeneration. 

Manv dead cells containing no nucleii were present in these areas. 

Bobwhite quail fed similar high dietary levels of fat did not ex¬ 

perience the same mortality as found in coturnix. The mortality of 

coturnix fed high levels of fat for four months followed by low-fat 

diets was reduced as compared with sibs fed high fat diets continuously. 

Above normal levels of choline, vitamins B12, and E depressed mortality 

when fed to coturnix together with high levels of fat. The investi¬ 

gation was supported by funds received from grant number FB 00140 

from the U. S. Public Health Service. 

Helminth Parasites In Turtles Collected From 
Farm Ponds In Lee County, Alabama 

CHARLES A. JOHNSON, III 
Department of Zoology-Entomology 

Auburn University, Auburn Alabama 

During the year 1966-67, a study was conducted in Lee Countv, 

Alabama, to determine the species, incidence, worm burden and seasonal 

variation of gastro-intestinal helminths found in turtles. From a two acre 

farm pond, 39 Pseudemys scripta and 32 Kinosternon subnibrum were 

collected. 

Camallanus sp., Neoechinorhynchus sp., Telorchis sp. and Oxyu- 

roidea were recovered from K. subrubrum. All of the helminths but a 

few Telorchis sp. were immature. Heavier worm burdens per turtle were 

observed in late spring and early fall. Spiroxys sp., Camallanus sp.. 

Neoechinorhynchus sp. and Oxyuroidea were recovered from P. scripta. 

Heavier worm burdens per turtle were observed during the summer and 

early fall. A definite increase in worm burden was observed as the size 

of the turtle increased. 

The Effect Of Low Molecular Weight Dextran On 
Increased Cholesterol Levels In The Rabbit 

KENNETH R. KOLLMEYER 
Randolph-Macon College, Ashland, Virginia 

The effect of low molecular weight dextran, commonh used as a 

plasma expander, is discussed in relation to diet-induced hvpercholes 

terolemia in the rabbit. Hypercholesterolemia was induced bv feeding 

the rabbits lg of pure cholesterol per Kg of bodv weight per da\ \ 6'. 

solution of dextran (M.W. 75,000) in isotonic saline', w/v. was used as 
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the source of dextran. Ringer’s solution was used as a “placebo” to rule 

out the possibility of hemo-dilution. Dextran was injected intravenously 

in the marginal ear vein, after cholesterol levels reached between 800 

mg % and 1500 mg %. Aliquots of 5, 10, and 20 ml of the dextran were 

used. Tissue sections from the major arteries, as well as from the kidney 

and liver, were processed to note any effects of the prolonged hyper¬ 

cholesterolemia with the concomitant injections of dextran. Upon injec¬ 

tion of dextran, lowering of the cholesterol levels by between 300 mg % 

and 800 mg % was noted with no major side effects from injection of 

the drug. Injections of 10-15 ml of the dextran solution per week main¬ 

tained this low level. 

In conclusion, it seems that low molecular weight dextran injected 

intravenously has the ability to lower drastically hypercholesterolemia 

with no side effects from the drug itself. It is hoped the effect of 

dextran on cholesterolemia may be further investigated in various other 

animal species, especially man. If it proves to reduce cholesterolemia 

safely in humans, a potential benefit to man’s cardiovascular function 

cannot be over-emphasized. 

Selective Feeding Of An Aquatic Nematode On Killed Bacteria 

EDWARD K. MERCER 

Department of Botany and Plant Pathology 

Auburn University, Auburn Alabama 

The role of nematodes in the decomposition of organic matter in 

aquatic environments is not well known. An important question is 

whether certain common aquatic nematodes feed exclusively on living 

bacteria or also ingest dead organic matter. In an attempt to answer this 

question, ingestion of living and killed bacteria bv a free-living aquatic 

nematode (Rhabditis sp.) was studied. Bacteria from nematode cultures 

were grown in nutrient broth containing C14 labelled glucose then washed 

on Millipore filters. Bacteria on individual filters received one of the 

following treatments: (1) ultraviolet light, (2) autoclaving, or (3) no 

treatment. Rinsed, starved nematodes were placed on the filters then 

removed after 1 Vi hrs. and their radioactivity monitored with a scintil¬ 

lation counter. Radioactivity of the nematodes taken from the non- 

treated bacteria was designated as 100%. The treatments resulted in the 

following relative percentages: U.V. 9%, and autoclaved 3% of the non- 

treated radioactivity. 

Colony counts of bacteria receiving treatments 1 and 2 but without 

added nematodes showed the treatments were lethal to bacteria. Colony 

counts of bacteria on filters receiving treatments and nematodes showed 
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the latter were a source of contamination by non-radioactive bacteria. 

Assuming the number of living bacteria from the non-treated filter equal 

to 1007, the other treatments were: U.V. 39% and autoclaved 74% of that 

for the non-treated bacteria. The tentative conclusion is that these nema¬ 

todes feed on living bacteria but not on dead bacteria. The presence 

of living bacteria in small numbers apparently did not induce feeding 

of heat and U.V. killed bacteria. This may indicate the nematode sensory 

apparatus is able to discriminate between living and dead bacteria. 

Radio-Telemetric Study Of White-Tailed 
Deer Movement And Behavior 

R. LARRY MARCHINTON and LEWIS K. JETER 

Alabama Cooperative Wildlife Research Unit 

Auburn University, Auburn Alabama 

Florida Game and Freshwater Fish Commission 

Tallahassee, Florida 

This paper reports the progress of a study using radio telemetric 

methods to obtain information concerning the ethology and movement- 

ecology of white-tailed deer in the Southeastern United States. It is 

pointed out that studies of this type have taken on new significance 

because many biologists, psychologists, and sociologists have begun to 

suggest that much of modern man’s behavior can be interpreted in terms 

of his innate territorial nature. It is thought that this attachment to the 

land may have had as great an influence on the evolution of man and 

lower animals as has the sexual drive. Many very detailed studies con¬ 

cerning the ways animals move about and relate themselves to their 

natural environment are needed so that these concepts can be properly 

evaluated. The development of telemetric methods has made these 

studies possible. The technique used in the present study involves the 

use of collar-mounted transmitters and specially constructed portable 

receiving equipment. Triangulation is used to locate the study animals 

periodically and information concerning their activities is telemetered 

in the form of characteristic variation patterns of the radio signal. 

Thirty-five deer were instrumented in five Florida and Alabama 

habitats including river bottom, sandhill, piedmont, and semi-mountain¬ 

ous terrain. Telemetric contact varied from a few hours to more than 

four months. In analyzing the data obtained it was found useful to de¬ 

velop certain movement pattern parameters for individual deer. Com¬ 

parisons were then made between individuals and habitats. The mini¬ 

mum home range major axes of the nine deer most intensiveh studied in 

their natural habitat varied from 0.76 to 2.23 miles in length. \1 though 
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the ranges varied greatly in shape, the acreages included within them 

were relatively uniform. Minimum home range areas varied from 147 

to 243 acres with a mean of 211 acres. This uniformity occurred despite 

the habitat variation and suggested the existence of an “ecological con¬ 

stant. It was pointed out, however, that some evidence was obtained 

indicating that this “constant could be a function of deer population 

density. Most of the study has been done in localities with high popu¬ 

lation levels. Although major shifts in home range were not observed, 

in some instances the center of activity or “core area changed in re- 

lation to seasonal food supply. Diel movement patterns often involved 

feeding out into open range or near food plots at night and returning 

to the wooded areas during the day. Distances between extreme diel 

locations averaged 0.68 miles. Minimum total distances moved during 

diel periods averaged 1.51 miles. Some examples of variation in the move¬ 

ment patterns could be related to the sexual cvcle in both male and 

female. 

Preliminary Study In Control Of Waterhyacinth With Ametryne 

ELLEN SCARSBROOK and DONALD E. DAVIS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

The effect of ametryne, 2-methylmercapto-6-etliylamino-6-isopropyl- 

amino-.s-triazine, on the growth of the waterhyacinth, Eichhornia crassipes 

(Mart.) Solms., was studied under greenhouse conditions. Plants were 

grown in plastic dish pans in Hyponex solution fortified with chelated 

iron. Ametryne caused development of necrosis that progressed from the 

tips of the blades downward into the spongy petioles, and ultimately 

caused the plants to decay and sink. Exposure to 30 ppm ametryne for 

as short a time as 0.5 hour killed plants. Plants exposed for 48 hours were 

injured by as low a concentration as 0.5 ppm and killed by 2 ppm. 

Ametryne was translocated in lethal quantities from treated old plants 

to attached untreated new plants. 

The Effects Of Enovid On Ovarian And Adrenal Physiology 

JOHN F. PRITCHETT and KENNETH OTTIS 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

A detailed investigation was undertaken to further clarify the effects 

of the synthetic antifertility mixture Enovid on ovarian and adrenal 

physiology. Phase I of this study involved measurement of adrenal ac¬ 

tivity in animals receiving quantities of Enovid sufficient to inhibit the 
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estrus cycle. Parameters of adrenal activity measured were adrenal 

hypertrophy, thymic involution, eosinopenia, and lymphopenia. Fifty- 

five, f60 ± 10-gram, sixty-day old female rats were used. The animals 

were divided into five groups, each group having seven treated and 

three saline injected control animals. Dosages of Enovid ranged from 0.5 

to 0.9 milligrams per 100 grams of body weight and were administered 

via stomach tube. Daily vaginal smears were evaluated using the vaginal 

cornification technique to confirm inhibition of the estrus cycle. Blood 

smears were made every fourth day and were analyzed differentially 

on the basis of a 500 white cell count. Members of each group were sac¬ 

rificed at seven-day intervals and adrenal and thymic weights were 

recorded. The results of Phase I of this investigation demonstrated 

marked eosinopenia, marked thymic involution, and adrenal hypertrophy 

in the treated animals. Lymphopenia was not evident in the animals 

subjected to treatment with Enovid. 

Phase II of this investigation is presently in progress. Histochemical 

and biochemical assavs for ascorbic acid depletion of the adrenal glands 

of animals under treatment are being carried out. Final conclusions as 

to the effects of this synthetic progestin upon adrenal physiology await 

the data accrued from the second phase of this study. 

Cell Kill Kinetic Studies Of Cultured L1210 Leukemia Cells 
By Anticancer Agents 

J. A. SNEED, L. J. WILKOFF, E. A. DULMADGE, and G. J. DIXON 
Southern Research Institute, Birmingham, Alabama 

The kinetics of population reduction of cultured leukemia L12I0 

cells by amethopterin (Ameth), 5-fluorouracil (5-FU), l-/3-D-arabino- 

furanosylcytosine (CA), vincristine (Vc), and azaserine (Aza) were 

studied. Cultures of L1210 cells were grown in vitro and maintained in 

logarithmic growth phase. These cells were exposed to selected drug 

concentrations for different periods of time and the number of cells sur¬ 

viving drug treatment was estimated bv animal bioassay. The kinetics 

of the cell killing in populations treated with the antimetabolites Ameth. 

5-FU, CA, and Vc could be described by a Gompertz equation of the 
at J L i 

form N = N0eB,n(1-e ) where N„ = the number of viable cells present 

at zero time, N the number of viable cells present at time t. /3 the 

first order rate constant, and a a constant expressing the rate of change 

of /3. The rate of viable cell reduction in cell populations treated with 

Aza, an alkylating agent, followed first order kinetics, which is a special 

case of the above equation in which the constant a is not significanth 

different from zero. The difference in cell kill kinetics between 1.1210 
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cell populations exposed to the two classes of compounds indicates a 

greater variation in the degree of cell sensitivity to the antimetabolites 

than to the alkylating agent. (Supported by Contract No. Pfl 43-65-594). 

Leptosphaerulina Pepper Spot On Peanuts In Alabama 

FERNANDO J. SUBIRATS and JAMES A. LYLE 
Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Occurrence of the ascomycete Leptosphaerulina arachidicola Yen. 

Chen, and Huang, causal organism of pepper spot of peanuts, was recog¬ 

nized for the first time in Alabama during the summer of 1966 on 

diseased peanut plants. Symptoms observed on plants varied from 

necrotic pepper-like spots or leaf flecks to a more extensive leaf scorch. 

The largest lesions were about 1 mm in diam. Lesions were irregular in 

shape, numerous and eventually formed a diffuse net blotch resulting 

in death of the leaflet. Irregular scorched areas in the centers and 

margins of the leaflets were produced by coalescence of the lesions. 

Pepper spot disease, originally described in Georgia, in 1958, has 

probably been present in Southeastern peanut-growing states for some 

time. The presence of Cercospora leafspot, which resembles pepper spot 

in early stages of development, may result in incorrect diagnoses of 

either disease. Potentially, pepper spot may be a serious problem on 

peanuts with disease severity limited by relatively high temperatures 

and amount of ascosporic inoculum present. Pathogenicity of the fungus 

has been demonstrated by inoculations with ascospores. The multiplicity 

of tiny lesions, each infection from a single ascospore, is caused by the 

large numbers of ascospores that are produced on peanut foliage. An 

imperfect stage of the fungus is not known. 

A Maternal Effect In Drosophila melanogaster (Meigen) 

J. E. WATSON 
Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

A maternal effect in this species has been under investigation for 

several years. It is manifested as a lethality to all offspring that are 

females when the parental dam is homozygous for a second chromo¬ 

some mutant gene. Previous work indicated that the female lethality is 

due to the condition of the cytoplasm received from the dam. Such 

cytoplasm fails to support the embryonic development of female in¬ 

dividuals, while the same cytoplasm permits normal male embryonic 

growth. No indication of the effect of any genes other than a single 
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second chromosome locus has ever been demonstrated. The same homo¬ 

zygous genotype in sires has no effect on offspring due to the relatively 

small amount of cytoplasm included in a mature spermatozoan. 

Recently a study was made of the embryonic development occur¬ 

ring in living fertilized eggs derived from homozygous mutant dams. No 

demonstrable difference occurs among any embryos during the first 23 

hours of development within the eggs. At 24 hours (the normal hatch 

time of eggs maintained at 25±.5 degrees centigrade), a portion of the 

embryos incise the egg membranes and when followed through the 

subsequent life history stages, all eclose as male images. The remaining 

embrvos (females) fail to puncture the restraining membranes and 

succumb at about the 30th hour after fertilization. By every test car¬ 

ried out, these dying embryos are fully developed female embryos. These 

results led to an experiment where the other egg membrane (the 

chorion) was removed and from eggs thus treated, 497 male and 57 

female progeny resulted. The experimental design permitted us to re¬ 

cover such “induced” female progeny possessing genotypes identical to 

their dams. Progeny tests of these “induced” females revealed that they 

had not lost the maternal effect produced by this mutant gene. Current 

investigations are underway to chemically define the cytoplasm of dams 

homozygous for this gene. 

Irradiation Destruction of Vitamin E and Dosimetric Implications 

SAM T. WINDHAM, HAROLD ZALLEN, and B. B. WILLIAMS 

Department of Radiological Sciences and School of Pharmacy 

Auburn University, Auburn, Alabama 

The research herein described was initiated to develop a system of 

radiation dosimetry using a biological compound. Previous work has 

shown that vitamin E, found in both plant and animal systems, was 

sensitive to and destroyed by gamma irradiation. Prepared solutions of 

vitamin E in mineral oil have been used in these experiments and a 

relationship between the absorbed dose and destruction of the vitamin 

recorded. Using 0.1 per cent and 0.5 per cent solutions of the vitamin, 

a linear relationship in its destruction was observed from an absorbed 

gamma (™Co source) dose ranging from 10s to 10" Rad (radiation ab¬ 

sorbed dose). At a dose of 1 X 10" Rad of the above solutions, respec¬ 

tively, 22 per cent and 37 per cent of the vitamin present was degraded. 

Inability to detect any destruction in low dose ranges was due to an ap¬ 

parent lack of sensitivity of the method of vitamin E determination. 

Due to the low concentration of the vitamin it would appear unlikeh 

that it was destroyed by “direct hits.” More probablv the free' radical 
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mechanism involving interaction of the vitamin with radicals from the 

solvent caused the destruction. Irradiation yields of C» values (the 

number of molecules destroyed per 100 ev) were calculated from the 

data obtained and these indicated that the dosimeter would not be useful 

in low dose ranges. Further experiments are planned to attempt the 

identification of the irradiation products and to ultimately employ a 

more sensitive means for evaluating the destruction and degradation 

products. 

Effect of the Herbicide Atrazine on Growth of Trichoderma viride 

E. A. CURL, R. RODRIGUEZ-KABANA and H. H. FUNDERBURK, JR. 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Extensive study has been made on effects of herbicides on the physio¬ 

logical processes of higher plants, but little information is available re¬ 

garding their interactions with beneficial or harmful soil-borne fungi 

Trichoderma viride is a common antibiotic-producing soil fungus with 

biological control potential against certain phytopathogenic fungi. The 

effect of atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-trianzine) on 

growth of T. viride was studied in liquid culture and in soil. 

Total mycelium produced by the fungus in herbicide-amended 

Czapek solution was greater in all concentrations (S, 20, 40, and <30 ug/ml) 

of atrazine than in the herbicide-free check. Utilization efficiency of glu¬ 

cose, inorganic P and NCb-N greatly increased at 8 and 20 ug/ml, then 

decreased at other concentrations but remained higher than the check. 

A single intermediate concentration (12 ug/g) of atrazine was selected 

for study with T. viride in sterilized field soil. The soil was amended with 

glucose, NaN()3, or both to provide different C/N ratios. Growth of the 

fungus was then initiated and the herbicide applied. Respiratory activity 

of the fungus, indicated by C02 evolved, was increased by the presence 

of atrazine in all treatments except at a high C/N level. A similar re¬ 

sponse was evidenced for N03-N consumed. Sporulation by the fungus 

in 15 days was reduced in all treatments with atrazine, the greatest ef¬ 

fect being in soil without added carbon. After 25 days incubation, the 

inhibition of sporulation was virtually eliminated. 

The results suggest that stimulated growth of T. viride by atra¬ 

zine, without serious interference with sporulation, may enhance the 

biological control potential of the fungus. 
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Response ol Sclerotium rolfsii to the Herbicides Paraquat and 
Trifluralin in Sterilized Soil 

R. RODRIGUEZ-KABANA, E. A. CURL, and H. H. FUNDERBURK, JR. 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Interactions between non-fungicidal pesticides and soil-borne phy- 

topathogenic fungi have received little research attention. A study was 

conducted to determine the influence of two herbicides on growth 

responses of the pathogen, Sclerotium rolfsii Saec\, in flasks of pre¬ 

viously sterilized soil. Following inoculation of the soil, paraquat (1, 1- 

dimethyl-4,4'-bipyridinium salt) was applied at concentrations of 12.5- 

1000 ug g and trifluralin (a, a, a-trifluoro-2,6-dinitro-N, N-dipropyl-F- 

toluidine) at 6.25-100 ug/g of soil. Carbon evolved as C02 was deter¬ 

mined at intervals during incubation periods of 14 days for paraquat and 

21 days for trifluralin. Nitrate-N consumed and non-volatile acids were 

determined at the end of incubation. Evolved C02 indicated that res¬ 

piratory activity of the fungus was reduced by all concentrations of 

paraquat and greatly restricted at 500 and 1000 ug/g. Trifluralin con¬ 

centrations of 6.25 and 12.5 ug/g induced an increase in C()2 production 

by the fungus, whereas 25, 50, and 100 ug/g reduced production. In¬ 

fluence on respiratory activity also was reflected in the ratios of C 

evolved to N03-N consumed and C to total acids produced. Ltptake of 

N03-N generally decreased with increased herbicide, while acid pro¬ 

duction increased. Most of the acid produced was oxalic, which is well 

known to be essential in the plant-infection process of the pathogen. 

Carbon and Nitrogen Nutrition of Sclerotium rolfsii 

B. K. CHOPRA, R. RODRIGUEZ-KABANA, and E. A. CURL 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Fundamental ecological studies of the plant pathogen, Sclerotium 

rolfsii, are restricted by insufficient information on the basic physiolog\ 

of this fungus. Preliminary experiments with various carbon and nitrogen 

sources in a basal liquid medium revealed that maximum mvcelial 

growth was obtained with glucose at 30 g of C/liter or with ammonium 

oxalate at 1.0 g of N/liter. In further studies with these two sources. 

glucose-C was supplied to a basal medium at concentrations oi (g ol 

C/liter): 2.4, 12.29, 24.59, 49.43, and 74.21. Each was combined witli 

concentrations of ammonium oxalate-N (g of N/liter): 1.0. 2.5, 5.0. 7.5. 

and 10.0. The media were inoculated with S. rolfsii, and mycelial dr\ 
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weights and sclerotial production were determined after 15 days incu¬ 

bation at 28 C. 

Maximum growth of the fungus occurred in a medium with 49.43 g 

of glucose-C/liter, regardless of the amount of N used. Growth then 

declined sharply at the highest concentration of C. A combination of 

49.43 g C and 5.0 g N provided slightly better growth than all other N 

levels. During the 15-day period, sclerotia were produced only in cultures 

with 2.4 and 12.29 g of C/liter, and in these maximum numbers of scle¬ 

rotia formed in cultures with the lowest N (1 g/liter). 

Thus, mycelial growth was most favored a ta C:N value of about 

10 and sclerotial formation most readily occurred under conditions not 

conducive to rapid growth of the fungus. 

Chemistry 

1, 3-Dipolar Cycloaddition Polymerization 

KENNETH E. JOHNSON 

Rohm and Haas, Huntsville, Alabama 

The 1, 3-dipolar cycloaddition reaction involves the formation of 

a 5-membered ring by reacting a compound containing a 1, 3 dipole, 

a-b-c, with a multiple bond system, d e (dipolarophile). 

®A® 
+ 

d=e 

b 
/ \ 

a c 

Many types of compounds possess the 1, 3 dipole structure; any double 

or triple bond can act as dipolarophile. 

1, 3-dipolar cycloaddition reactions of compounds containing both 

azido and acetylene groups and the analagous reactions of diazido com¬ 

pounds with diacetylenes produce polytriazoles (Eq. 1, 2). 

r~ r 

hc=c-r-n3 — HC— C- 
i i 

+ H(r= <r 
N N-R- -R- N N 

I ii III 
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2) KC = C CH 

h3- it3 

C=C — R — C=C 
i I II 
N N N N — R* 

' // * / 
N N 

The kinetics of these reactions are similar to those for reactions 

of analogous monofunctional compounds, the polymers are thermally 

stable solids which are slightly soluble in several polar solvents. 

Synthesis of Halodiazirines 

W. H. GRAHAM 

Rohm and Haas, Huntsville, Alabama 

Reaction of difluoramine with imines gives a variety of products, 

the relative ratios of which depend on the structure of the imine. For¬ 

maldehyde imines or negatively substituted aromatic imines yield diazi- 

rines (I) in fair yield and as the principal product while imines derived 

from saturated aliphatic aldehydes yield a mixture of the corresponding 

I and an a-fluoroazo compound (II). Imines derived from conjugated 

and aromatic aldehydes yield the corresponding o-fluoroalkylidene hy¬ 

drazines (III). The proposed intermediate, N-fluorodiaziridine (IV) can 

break down in two ways, pathway (a) and (b). The factor which de¬ 

termines the path of the reaction appears to be the relative ease of 

carbonium ion formation on the carbon atom of the ring versus the 

fragmentation of the group, R<, as a carbonium ion. 

^ A HNF, 
R, ^N-R; 

KfSU 
(IV) 

A 
(I) 

A Ri 
>-N=N-R3 (II) or A=N—NH-Rj (III) 

RH A 

The reaction of acetamidine in dimethylsulfoxide with either sodium 

hypochlorite or sodium hypobromite produces the corresponding methvl- 

halodiazirine in good yield. The products were characterized bv their 

mass, infrared, ultra-violet and proton resonance spectra. 

Other alkylhalodiazirines are obtained from the corresponding alk\l- 

amidines. Methylacetoxydiazirine was obtained along with methvl 
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ehlorodiazine when acetate ion was added to the hypochlorite solu¬ 

tion. The mechanism of the reaction is probably closely analogous to 

that of the Neber reaction. 

NH 
II 

r_C_NH2 
NaOX 

IN 1 < 

N—X 
II 

r-c-nh2 

r :N: i 
R-C=N —X 

NaOX 
’ N-X ' 

|l 
R- C-NHX 

for© 
H— A _ 

R—H-^N—3 

V N _ 

r-cx!I 

R N 

-> X- / 

The proposed intermediate alkyldiazirinium ion is isoelectronic with 

the resonance stabilized cyclopropenium ion. One of the strongest peaks 

in the mass spectrum of the methylhalodiazirines at m/e 55, is attributed 

to the same ionic fragment. 

Thermal decomposition of alkylhalocliazirines yields nitrogen and 

products derived from the intermediate alkylhalocarbene. The utility of 

these compounds for both theoretical and synthetic applications are 

numerous. 

A Mathematical Stability Index for Emulsions 

P. D. CRATIN 

Spring Hill College, Mobile, Alabama 

The existence of regions of water-in-crude oil emulsion stability, 

which are highly dependent upon pH, prompted Cratin and Dean to 

study the interfacial activities of crude oil surfactants, and to present a 

mathematical approach to mixed interfacial films. They postulated that 

the Phase Inversion Point (i.e., the region of minimum stability) occurs 

when there coexist at the interface approximately equal numbers of 

molecules of two different surface-active species. As a consequence, this 

author has defined a stability index, S, in the following manner: 

S = 1 - 2 2 fitj 
where fi and fj are the fractions of the species present at the interface. 

For asphaltenes, this equation predicts three regions of high stability 

and two regions of very low stability. Experimental findings verify this. 

Thermodynamic Group Properties from Distribution 
Coefficient Data 

P. D. CRATIN 

Spring Hill College, Mobile, Alabama 

A knowledge of the distribution coefficients [C(water)/C (oil)l 

and of their temperature dependences for a homologous series of com- 
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pounds is needed for the calculation of group thermodynamic proper¬ 

ties of transfer from an organic to an aqueous phase. For a homologous 

series of compounds consisting of a lipophilic group of molecule (L) 

and “n” hydrophilic groups, (H), the final equation is: 

log Kd = log [C( water) / C(oil) ] = 

Am Am 
H L 

2.3RT 2.3RT 

Am refers to the standard free energy change when one “mole’’ of 

hydrophilic groups is transferred from the water phase into the organic 

phase. Am' is the standard free energy change for the lipophilic groups. 

From the curves of log vs. 1/T the group enthalpies may be de¬ 

termined; from the equation Ap, = Aid ° -|- TAS ° the group entropies 

can be found. Data accumulated for several homologous series can be 

used to determine “atomic” thermodynamic properties; as a logical con¬ 

sequence, it should be possible to “tailor-make” materials of any desired 

from the table of atomic and group contributions. 

Adsorption of Free Radicals on Molecular Sieves 

CHARLES B. COLBURN 

Rohm and Haas, Huntsville, Alabama 

It has been found that certain free radicals NFs, NCh and CIO2 

are adsorbed as radicals on molecular sieves. Other free radicals such as 

O2 and NO are not adsorbed except at low temperatures. Chemical 

reaction of certain molecules with the sieves can lead to ion-raclicals 

which are adsorbed (i.e. N2HC). y irradiation of manv organic ma¬ 

terials on sieves leads to stable radicals on the sieves. 

Ionic Isomerization of Cyclopropane and Olefinic Hydrocarbons 

ERNEST DORKO 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Although the lability under basic conditions of hydrogen attached 

to saturated carbon has received extensive investigation, the influence 

of the phenyl or vinyl group on the hydrogen attached to the carbons 

a and (3 to these groups has only recently been studied. This talk presents 

data on the effects of phenyl groups on hydrogens <v and {3 to them 

when they are attached to a carbon which forms part ol a cvclopropane 

ring or part of an olefinic system. The compounds investigated include 

cis- and trans-1, 2-diphenylcyclopropanc, stilbene, and r/.v- and trails I 
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methyl-2-phenyleyclopropane. The ratios of the isomers under equili¬ 

brating conditions have been determined. Also the kinetics of approach 

to equilibrium have been studied. From the isomer ratio at equilibrium, 

the equilibrium constant and other thermodynamic functions for the 

isomer pairs were derived. These observations are rationalized by stat¬ 

ing that the isomerization occurs by an initial proton abstraction fol¬ 

lowed by rehybridization of the electron pair to give an anion in which 

the electron pair can delocalize into the phenyl system. The various 

factors which affect the ease of proton abstraction and the ease of 

rehybridization are discussed. 

Radical Reactions of Tetrafluorohydrazine 
Additions to Acetylenes 

ROBERT C. RETRY, CHARLES O. PARKER, FREDERICK A. JOHNSON, 
TRAVIS E. STEVENS, and JEREMIAH P. FREEMAN 

Rohm and Haas 
Redstone Arsenal, Alabama 

Following the discovery that tetrafluorohydrazine, N2F4, reacts 

smoothly with a wide variety of olefins to produce the corresponding 

vicinal bis (difluoramines), the behavior of acetylenes with N2F4 was 

examined. The products, a-fluoro-a-difluoramino fluorimines, are ap¬ 

parently produced by rearrangement of the original adduct, the a, fi- 

bis(difluoramino) ethylene. Thus, tolane and N2F4 produced 1-fluoro- 

l-difluoramino-2-fluorimino-l, 2-diphenylethane (I). 

_ N2F4 

C5Hs-C=:C-C6H5^—— 

I 

C6H,-C=C-Cdl5 

NF2 NF2 

C6H5-C-C-C6H5 

The F" n.m.r. spectrum of 1 will be discussed in detail, and the structure 

and spectra of the products from N2F4. and isopropenyl acetylene, acety- 
lenedicarboxy esters, allene and /Tbromostyrene will be presented. 

Organometallic Metallic Polymers I 
Polymers of Ferrocene and Cupric bis Ethyl Acetoacetate 

CHARLES U. PITTMAN, JR. and JON A. EIKENBERRY 
Department of Chemistry 

University of Alabama, University 
and 

U. S. Army Missile Command 
Redstone Arsenal, Alabama 

The incorporation of iron and copper into organic polymers has 

been accomplished using derivatives of ferrocene and cupric bis ethyl 
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acetoacetate as monomers. These polymers have many potentially in¬ 

teresting properties for use as ultraviolet absorbers, coloring agents, 

catalysts, and in thermally stable systems. l,l'-Dichlorocarbonylferro- 

cene and l,l'-Dihydroxymethylferrocene have been used to prepare a 

series of polvesters and polyamines of ferrocene as illustrated in equa¬ 

tions 1 and 2. 

Equation 1. 

Fe 0 

<§rl~ 

dialcohol 
or 

diamine 

pyridine 
toluene - > 

li H 
a-N-R- 

Fe 

■*-cXo? 

3 ^ 

n 

n 

Miere dialcohols 
are 

HO -CHj.C.HiCHjOH 

Equation 2 

OH 

OH 

pyridine 
-f diacid toluene^ 

chlorides 

O 
11 

O 
li 

— C-OCH. 

Fe 

Cl - 

u _ O 

c^-< Fe ° 

ri 

Ferrocene polymers linked through phosphorous bridges are reported for 

the first time. Ferrocene in the presence of phenyldichorophosphinc 

(Equation 3), phenyldichlorophosphonate (Equation 4), and phenyldi- 

chlorothiophosphonate (Equation 5), react in the melt phase using Z11CI 

catalyst to give polymers. These have potentially interesting thermal 

properties. 
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Equation 3. 

ferrocene 

C| >- C| 

Ztfh Fe t& 

Cl 
HC1 H,0 

n ■ 
h2° 

o 
II 
p 

Equation 4. c/_ „ ci 

ferrocene +• 

Equation 5. 

I 

h. 

ztP-z HCl 

h2o 

poly rne r IT 

ferrocene + 

cl-P-c, Z^C12 
-P-OH 

Fe 

Transesterification reactions between cupric bis ethyl acetoacetate 

and alcohols of various structures suggested the use of diols to effect 

transesterification polymerization. Several transesterification polymers 

have now been prepared by this route as illustrated in Equation 6. 

Equation 6. c ,a oR 

11 
a ' - 

Cp- 

cvw JKc^OC3H 
Qf 11 

C u. 
or'' "■'O 

R0 

r 

/ 
1 

CM 

-hiCH3 C^Oti 

■ch3 

C^HO 
ch3 

/0-R + 
SF 'i o 

C ju, 
of "o I | 

J !s J ■ 
C V." ^ V 0 

\cH3 

-tlCH^CIkOH. 

T°" 
l J n 

A novel cleavage of ethylacetoaeetate groups from cupric bis ethyl 

acetoacetate in the presence of dihydroymethylferrocene to give diester 

II is reported. c o 
CHjO-C-CHj- C- C H3 

Fe 
cWxO-c-cHj.- C- C.H3 

jr 



Abstracts 341 

Geology 

Some Petrologic Variations Among Diabase Dikes in 
Lee and Chambers Counties, Alabama 

ROBERT W. DEININGER 

Memphis State University 

Memphis, Tennessee 

Modal analyses of samples from the Auburn, Mareoot, and Oak 

Bowery dikes and an offshoot from the Auburn Dike (Adams, 1933; 

Deininger, 1967) revealed two variations between dikes and onlv one 

consistent variation within dikes. Plagioclase content is roughly pro¬ 

portional to dike size. The Auburn Dike, up to 80 feet thick, had from 

48.7 to 53.2% modal plagioclase. The Mareoot Dike, about 20 feet thick, 

had 46.4 to 47.0%, the Oak Bowery Dike, up to 6 feet thick, had 45.3 

to 46.1%, and the offshoot, about 6 feet thick, had 40.3 to 42.3%. All 

samples from the Auburn Dike contain micropegmatite (2.6 to 6.1%) 

while the other dikes contain virtually none. Within each dike there is 

a subtle but consistent variation in texture from interstitial near the 

margin to sub-opthitic or ophitic near the center. Plagioclase, micropeg¬ 

matite, and alteration of pyroxene may all increase from margin to cen¬ 

ter, but the picture is not consistent. 

Sand Size Relations Along Cullasaja River Near Franklin, N. C. 

WALTER B. RAYMOND 111 

Department of Geology 

University of Alabama, University 

The sand size relations of four samples collected along a 7* 2 mile 

course of the Cullasaja River near Franklin, North Carolina have been 

examined by means of a series of charts and graphs compiled from 

sieve analyses, roundness, sphericity, and mineral percentage determi¬ 

nations. It was found that the mean diameter and roundness decrease in 

downcurrent direction. Sphericity increases downstream. The decrease 

in mean diameters and roundness could possibly be attributed to pro 

gressive sorting and progressive fracturing. No conclusive statements 

could be made concerning compositional changes. 
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Gravity Investigations In Alabama 

JOHN SANDY 
Alabama Geological Survey 

Tuscaloosa, Alabama 

During the past three years gravity surveys have been completed 

for six Alabama counties with two other counties in progress. Marion 

and Winston Counties, in the Warrior Basin, and Wilcox, Marengo, 

Clark, and Monroe Counties, in the Coastal Plain, are the completed 

counties. Other Coastal Plain counties in which work is in progress are 

Baldwin and Mobile. Gravity stations are spaced a half-mile apart along 

all paved and dirt roads in these counties. Elevations for the stations 

are run with a Sperry-Sun elevation meter which has greatly accelerated 

progress. Of the six completed counties, five have been completed since 

May, f966. The gravity values are read with a World Wide gravitv 

meter from Beard Instruments. 

The final product of the surveys is a gravity map of each county 

with a contour interval of 0.5 milligal. Interpretation of these maps can 

show basement ridges, salt domes, faults and other structures that may 

trap oil. Dominant features of the finished Alabama gravity maps show 

possible oil traps that may induce private industry to drill test wells in 

unexplored areas. A brief history of gravity prospecting is outlined 

along with a discussion of advancements in gravity meter technology. 

Gravity surveying techniques used by the Alabama Geological Survey 

are described including a detailed discussion of field procedure and 

data reduction methods. 

Pseudo-Volcanism and Lunar Impact Craters 

REYNOLD Q. SHOTTS 
University of Alabama, University 

The old controversy, meteoritic impact vs volcanic origin of craters 

and other lunar features, is not yet completely resolved but it appears 

to have reached the stage of admission by proponents of impact that 

some volcanism seems to be present and that the maria are lava flooded 

and by volcanists that the larger, perhaps the majority, of craters are 

of impact origin. Papers are published accommodating the two by at¬ 

tributing volcanism to “triggering” by impact just as “explosion” craters 

have often been attributed to internal forces. Apparently no one has 

investigated the possibility that chain craters, central peaks and some 

other minor evidences of volcanism (but not maria surfaces) may be 

explained as secondary effects of meteoritic or cometary impact. This 

paper discusses these possibilities. 
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Mississippian Formations And Zones In Alabama 

WILLIAM A. THOMAS 
Birmingham-Southern College 

Birmingham, Alabama 

The Mississippian System in Alabama includes three distinct, geo¬ 

graphically exclusive, rock stratigraphic sequences. South and west of a 

line from western Marion County through Bessemer and Leeds to north¬ 

ern Cherokee County, a clastic sequence includes Fort Payne Chert, 

Flovd Shale, and Parkwood Formation in ascending order. The clastic 

facies grades northeastward to a limestone sequence which contains 

tongues of clastic rocks and which extends northeastward from the 

clastic facies to a line through western Jackson County and Gadsden; 

the sequence is divided into Fort Payne Chert, Tuscumbia Limestone, 

Pride Mountain Formation (a tongue of Floyd Shale), Hartselle Sand¬ 

stone, Bangor Limestone (thin tongues of Floyd Shale in lower part), 

and “Pennington” Formation (maroon mudstone and limestone). In 

northeastern Alabama the Mississippian is almost entirely limestone and 

is divided into Fort Payne Chert, Tuscumbia Limestone, Monteagle 

Limestone, “Hartselle” Formation (sandv limestone), Bangor Lime¬ 

stone, and “Pennington” Formation. 

The faunal zones (originally defined as formations, but redefined 

as stages or zones) in the Mississippian of the Mississippi Valley may 

be recognized in the fossiliferous beds in the Mississippian in Alabama. 

Time stratigraphic units in Alabama equivalent to those of the standard 

section are Kinderhook, Burlington, Keokuk, Warsaw, St. Louis, Ste. 

Genevieve, Gasper (?), Golconda, Glen Dean, and (?) post-Glen Dean. 

The recognizable time stratigraphic units in Alabama contain the same 

diagnostic fossils as the Mississippi Valley section, but the distinct litho¬ 

logic sequences in Alabama require local rock stratigraphic terms. 

Forestry, Geography and Conservation 

Forestry — Meteorology in Alabama 

RICHARD A. MITCHEM 
U. S. Weather Bureau 
Montgomery, Alabama 

Forest lands in Alabama cover two-thirds of the State, comprising 

approximately twenty-two million acres. Alabama’s wood-based indus¬ 

tries are second only to metals in annual dollar output. Fourteen pulp 

and paper mills are now in operation in Alabama, and more of these' 
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huge operations are being planned. The Forestry-Meteorologist, U. S. 

Weather Bureau, Montgomery, Alabama, backs this massive industry 

with detailed weather information for use in fire control, prescribe burn¬ 

ing, nursery operation, and other needs. A specialized weather forecast 

is issued daily to all forest interests giving detailed weather information 

tailored especially to forestry needs. This forecast includes: clouds; type 

probability, and amount of precipitation; wind speed and direction; 

relative humidity; dry bulb temperature; and wet bulb temperature. 

The importance of these elements in relation to forest fires can 

be illustrated from a case study of the 1963 Fall Fire Season involving 

Forest District Two which is 70 per cent forest. Since this district sur¬ 

rounds Birmingham, weather data taken from the U. S. Weather Bureau 

in Birmingham were considered representative of the entire area. The 

study produced some rather interesting and informative results. Relative 

humidity, wind speed, precipitation, and temperature were compared to 

acreage burned and daily number of fires. Large fires of 300 acres or 

more occurred only when the relative humidity was very low. Generally, 

as the lowest 24-hour relative humidity decreased, the daily number of 

fires and daily acreage burn increased. The greater the wind speed and/ 

or the higher the temperature, the greater the acreage burn and number 

of fires, provided that other weather elements such as high humidity 

and rain do not counteract. 

In another study, aimed at finding the relation between weather 

elements and bad-burning days, not all, but most, of the high fire-danger 

days occurring from |anuary 1960, through February 1966, were divided 

into categories of lowest daily relative humidity. Since relative humidity 

above 35 per cent is not considered dangerously low, one of the more 

interesting results from this study relates to bad burning days that fell 

in the humidity category of 36 to 40 per cent. In this category, all days 

indicated a significant deficiency of short-term precipitation, prevailing 

wind directions were all southerly, and temperatures were 7 F. to 16 F. 

above normal. While often relative humidity is considered the most im¬ 

portant weather factor affecting fire ignition and spread, and rightly so, 

this study indicates that if other weather factors are conducive they 

may override or add to the relative humidity factor and either create or 

increase the fire danger, depending on the relative humidity. 

Two typical weather patterns which produce high fire danger are 

the cold frontal type and the prefrontal westerly wind type. The first 

occurs in conjunction with the passage of a strong cold front that is ac¬ 

companied by little or no rain. This type produces high winds and low 

relative humidities. The second, the prefrontal westerly wind type, 

occurs ahead of an advancing cold front and is characterized by wester- 
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lv winds aloft and/or at the surface creating dry and unstable atmos¬ 

pheric conditions. This type, like the first, produces high winds and 

low relative humidities, but with the additional liability of above normal 

temperatures and atmospheric instability, often is a greater danger than 

the first. There are many weather patterns that can and do produce 

high fire dangers; however, these two probably occur with the greatest 

frequency over Alabama. 

Physics and Mathematics 

Optical Extinctions By Large Particles Of 
Arbitrary Shape And Orientation 

F. DUDLEY BRYANT and PAUL LATIMER 

Physics Department 

Auburn University, Auburn, Alabama 

The optical extinction coefficients (K=optical cross section/cross 

sectional area) for large particles of several forms and orientations are 

predicted using anomalous diffraction equations. These equations are 

valid for particles which are large compared with the wavelength of light 

(D/A > > 1) and have a refractive index (complex) close to that of the 

surround (|m-l |<<1). K-values of a homogeneous sphere and a homo¬ 

geneous oriented disc and cylinder are presented. Modifications in the 

equations for homogeneous particles are shown to account for such 

factors as internal structure. Extinction coefficients for a spherical par¬ 

ticle with a spherical inclusion are given for various values of the re¬ 

fractive indices and relative sizes of the spheres. 

Optimizing Crystal Pseudopotentials 

ROBERT H. BAUGH 

Department of Physics 

Auburn University, Auburn, Alabama 

The development of the pseudopotential equation, 

H,<& — (H + V„)d> = (K + V + V„)<I> = E<l>, 

for calculating valence energy eigenstates in a crystal was examined 

in detail to develop an apriori criterion depending on the particular ervs 

tal potential, sufficient to guarantee the usefulness of a pseudopotential 

perturbation approach. Under the right conditions the positive repul 

sive pseudopotential V,, will cancel off most of the' attractive true crystal 

potential V, leaving a weak net potential V -f- Y,„ II this occurs, the 
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pseudoeigenfunction <1\ will be nearly an eigenfunction of the kinetic 

energy operator K, so that standard perturbation methods may be em¬ 

ployed using plane waves as a basis. Examination of the matrix represen¬ 

tation of Hp yields the conclusion that the primary condition for useful 

cancellation is that the true crystal potential V project one or more 

plane waves onto the vector space spanned by the known lower lying 

core states. 

The Relationship Between Matteucci And Hall Effect 

ROMAN SKORSKI 

Department of Metallurgical Engineering 

University of Alabama, University 

Experimental arrangements and procedures in the Matteucci (MS) 

Effect study of ferromagnetics are described. The essential differences 

in the MS of different ferromagnetics are shown. It has been found 

that the MS in iron single crystals in [100] direction is negative and 

in [111] is positive. An analogy between VIS and the Hall Effect has 

been discussed. It has been proposed that MS Effect relies on the per¬ 

pendicular spontaneous magnetization which could have negative or 

positive signs. The two different signs depend on two different mag¬ 

netic moment carriers, which is in an analogy to two different charge 

carriers in metals and semi-conductors. 

Electric Polarization And Rectification In Organic Polymers 

HORST R. WITTMANN 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Electrets, which maintain a permanent electrical polarization, can 

be formed by polymerization of plastics under high electric fields. Mea¬ 

surements of the electrical conductivity and the potential distribution 

during and after the polymerization show that the permanent polari¬ 

zation is due to a space charge which extends from the electrodes far 

into the sample. A thin layer of high resistivity between the electrodes 

and the space charge caused by electrolytical and diffusion processes 

accounts for the long life of short circuited electrets and shows rectifi¬ 

cation effects under the application of an alternating current. The solu¬ 

tion of the carrier transport equations yields carrier mobility, intrinsic 

concentration and diffusion constant with respective values 

/x = 1.8 x 10-7 cm'-' V-1 sec1, n, = 12.1 x 1012 cm-3 and D = 5.8 X 10" 

cm2 sec"’. 
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A Systems Approach To The Development Of 
Nuclear Instrumentation 

MICHAEL H. K. FONG, HAROLD ZALLEN and MARTIAL A. HONNELL 
Departments of Radiological Sciences and Electrical Engineering 

Auburn University, Auburn, Alabama 

A miniaturized liquid scintillation counter for weak beta emitters 

was planned and designed. The system consisted of a single photomul¬ 

tiplier tube, miniaturized preamplifier, amplifier, discriminator and scal¬ 

er. It was designed to operate without the use of refrigeration. In order 

to obtain high input impedance and low noise ratio for the preamplifier, 

the use of a field effect transistor (FET) was investigated; low supply 

voltage, low load resistance and equal collector and base voltages were 

employed to examine the resulting noise configuration. 

The basic integral discriminator utilized a single tunnel diode and 

resulted in extremely good sensitivity and very low level of discrimina¬ 

tion. The simplicity of design made it possible to obtain a very fast 

response due to the short triggering cycles. A six decade miniaturized 

scaler with a switching capacity of 5 MHz was employed. The counter 

consisted of four “binary triggered” flip-flops and one AND gate. NIXIE 

miniature readout tubes were used to display the information. 

The Statistical Estimation Of Resolution 
Distorted Distribution Functions 

JOHN THOMAS GRISSOM and DALE R. KOEHLER 
U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The measurement of a spectral distribution function, F(x'), with 

a physical apparatus characterized by finite resolution results in a reso¬ 

lution distorted distribution function f(x) related to the ideal distri¬ 

bution by the integral equation 

| f(x) — l F(x')G(x,x')dx' ; a < x < /3 , 

where G(x,x') is the resolution function which describes the distortion 

effects of the apparatus. The experimentally measured quantity then is I 

from which an estimate of the correct distribution F must be made. 

Various techniques have been developed in the past for obtaining reli¬ 

able estimates of F from f when the resolution function G is known. 

Perhaps the most straightforward is a least squares technique in w hich 

the experimental data f, are least squares fitted by the expression 

n 

f, =2 Gu Fj ; i = 1,2.,m. 
j = l 
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The unknown components are found by minimizing the weighted sum 

of the squares of the deviations 

r r n 4 2 n 
f. - 2 G,j Fj 

i=l 

°V 

where <t, is the statistical deviation of f,. 

Solutions resulting from this technique quite often contain large 

amplitude, high frequency oscillations which are physically unrealistic. 

To prevent the occurrence of such oscillations a' priori information con¬ 

cern in g the 1 mathematical properties of the expected solution must be 

used. One very successful way of doing this is to require that the solu¬ 

tion be “smooth. II Rkj is the remainder after k terms in the finite dif¬ 

ference Taylor expansion of Fj + , in terms of the preceding components, 

then 12 serves as a measure of the smoothness of F where 

m 

i — 1 

t 2 

n-1 

s irkj 
j = k+l 

The components F, can now be obtained by minimizing the linear 

function 

e — 11 + yc 2 

where y is an arbitrary weighting factor whose value adjusts the rela¬ 

tive weight of the smoothness criterion. The value of y can, under cer¬ 

tain conditions, be adjusted to remove unrealistic oscillations from the 

solution. Under these conditions, which will be examined, criteria can 

be found for choosing a statistically significant value for y and obtain¬ 

ing estimates of the variance of F. 

Neutron Polarization Measurements Using 
Time-of-Flight Techniques 

T. G. MILLER 
U. S. Army Missile Command 

Redstone Arsenal, Alabama 

If a beam contains N+ particles in states with spins aligned in the 

positive z-direction and N- particles in states with spins aligned in the 

negative z-direction, the polarization of the beam is defined as 

N+ - N- 
P. 

N, + N 
(1) 
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The presently available practical method for measuring polariza¬ 

tion in a beam of fast neutrons from a nuclear reaction depends on the 

fact that if the neutron beam is elastically scattered from an appropriate 

nuclide (the polarizer-analyzer), the resulting angular distribution of 

the scattered neutrons will exhibit an asymmetry with respect to the 

polar angle 0. This asymmetry is then related to the polarization of the 

neutron beam and to a property of the analyzer called the analyzing 

power P2. The appropriate formula is 

r - i 
P, p2 =-. (2) 

r + i 

Here P is the polarization of the beam of neutrons and r is given by 

N(+0) 

where N(+0) is the number of counts at (+0) and N(— 9) is the 

number of counts at (—0). In practice two counters are used so that r 

is taken as 

/ N, (+0) N2 (+0) 
r - /-- . v N, (-0) NT (-0) 

where N refers to the number of counts at either +0 or —0 and the 

subscripts 1 and 2 label the particular detector. 

Three principal problems are associated with neutron polarization 

experiments: (1) obtaining high enough intensity; (2) obtaining suf¬ 

ficient neutron energy selection; and (3) obtaining low enough back¬ 

ground to make the experiment feasible. In the present experiment, 

required intensity was obtained by using liquid helium rather than 

gaseous helium for the analyzer. The second problem was solved bv 

using time-of-flight techniques. The third problem was solved bv re¬ 

quiring fast coincidence between the polarizer analyzer and the side 

detectors. The background was reduced further bv using gamma dis¬ 

crimination on the side counters. 

The first experiment carried out was measuring the polarization of 

the neutrons emitted in the D(d,n) reaction. Experiments are now 

under way to measure the polarization of the neutrons emitted in the 

B" (d,n)C12 reaction. At 2 Me V, seven neutron groups are emitted 

in this reaction; and bv using the techniques described in this paper, 

it has been possible to measure the polarization of all seven groups. 
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Some Pulse Height Spectra Of Cosmic Particles 

WILLIAM T. SLOAN 

Department of Physics 

Auburn University, Auburn, Alabama 

In an earlier experiment a peak which corresponded to twice the 

energy lost by a single relativistic /x-meson was thought to have been 

observed in the spectrum of relativistic /x-mesons caused by cosmic rays. 

This experiment verified this result by taking measurements with two 

large Nal scintillation crystals and a spark chamber. This effect was in¬ 

terpreted as the passage of two relativistic /x-mesons through the sys¬ 

tem. A useful technique for separating shower events from single par¬ 

ticle events by using characteristic pulse heights was also discovered. 

Raman Relaxation In MgO 

JEFFERSON S. BENNETT 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

One of the important high temperature processes by which a dilute 

paramagnetic spin system attains thermodynamic equilibrium with a 

host lattice is a two phonon process popularly known as Raman re¬ 

laxation. Current theories view this spin-lattice interaction as an energy 

transfer between electron spins and thermal vibrations of the lattice 

by inelastic scattering of phonons. The process may be thought of in 

terms of a two step mechanism whereby the spin system simultaneously 

absorbs a quantum of vibrational energy hwi and emits one of energy 

hu)i with the result that the spin makes a transition to its required final 

state. Conservation of energy requires the difference in incident and 

scattered phonon energies be equal to the energy difference of the two 

spin states. This restriction eliminates only the very lowest frequency 

phonons from taking part in the process so that essentially the entire 

crystal phonon spectrum is effective in Raman relaxation. Because the 

process described above is a second order process, it is inherently less 

probable per phonon than one phonon “direct” processes; however, due 

to the increased number of available phonons at higher temperatures, 

the Raman process can become the dominant relaxation mechanism. 

Experimentallv, one finds two phonon processes usually begin to domi¬ 

nate the spin relaxation at temperatures in the vicinity of 4°K and ap¬ 

parently remain dominant to above room temperature. 

The vibronic spectrum of a real crystal consists of both acoustic 

modes (in-phase vibrations of neighboring particles) and optical modes 

(antiphase vibrations). The optical modes characteristically have higher 
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frequencies. If one assumes a Debye continuum for the lattice vibronics, 

then one can argue that only the acoustical phonons are important for 

the relaxation at temperatures where Raman relaxation is dominant. 

This is because the Bose-Einstein occupation numbers 

N (w) = [ exp(hw/kT) — 1 ]"1 

are so much smaller for the optical phonons at these temperatures. Here 

w is the phonon angular frequency. A calculation of the relaxation time 

on this basis predicts the temperature dependence to be T'Js (9/T) or 

T'J8(0/T) depending on whether the number of paramagnetic elec¬ 

trons per ion is even or odd, respectively; 0 is the acoustic phonon 

Debve limit and J„(0/T) is the integral. 

Cd/T 
! xnexdx 

J o (ex—1)" 

Application of this theory to the measured spin-lattice relaxation 

between Zeeman levels of the ground states of both trivalent chromium 

and iron in MgO have revealed that the relaxation evidently strongly 

involves 600 K phonons. A recent determination of the MgO phonon 

spectrum by neutron scattering identifies the 600 K phonons with the 

optical phonon band. The above measurements thus indicate that optical 

like phonons dominate the energy transfer from the spins to their 

thermal environment from 50°K to room temperature. For low tem¬ 

peratures where the optical phonon occupation number of normal modes 

is small, their large effect can be accounted for by the high density of 

states. In addition, there is the possibility of local modes with optical 

phonon frequencies causing the effect. 

Phonons In Spin Lattice Relaxation 

RICHARD L. HARTMAN 
U. S. Army Missile Command 

Redstone Arsenal, Alabama 

In electron paramagnetic resonance the electronic system absorbs 

energy from a microwave source. This energy is converted into lattice 

heat by various electron-phonon interactions. A distinction between 

these types of processes has been well established: 

One phonon—direct process 1/Ti — T 

Phonon scattering—Raman process 1/Ti — T |0(d/T) 

Resonant scattering—Orbach process I/Ti — e\p(— A/rl"i 

However, all the above expressions are based on the theoretical assump 

tion that the phonons can be described by a Debve spectrum, i.e.. the 
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spectrum of a monatomic one dimensional chain. Although in retrospect 

it seems that such an assumption is surely unjustified, the current 

theories have enjoyed a high degree of success because the experiments 

have been restricted to low temperatures and short ranges. Recent de¬ 

terminations of real phonon spectra by optical sidebands and neutron 

scattering show that indeed a Debye spectrum is a valid approximation 

in low temperatures but that the approximate breaks down at higher 

temperatures. We have performed a set of experiments in spin lattice 

relaxation that show a distinct discrepancy from the above listed forms. 

The new data requires a consideration of the real phonon spectrum. 

In addition, in a real crystal the phonons are subdivided. The three- 

dimensionality causes phonons to be either longitudinal or transverse. 

The existence of two atoms per unit cell breaks the spectrum into 

acoustical and optical branches. Each of these four classes of phonons 

can be expected to have different electron-phonon interactions, further 

complicating the solution in the real crystal. 

Three-Body Model Of A Defect Center 

DAVID W. HOWGATE and C. ALTON COULTER 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Calculations of the absorption spectrum were made for a system 

consisting of an electron moving in the Coulomb field of two point ions 

which vibrate harmonically with a fixed phase relation connecting 

their displacements. The electron-ion interaction was approximated by 

the first two terms in its Taylor expansion in the displacements of the 

ions from their equilibrium positions, and computation was carried out 

in second-order perturbation theory by using the hydrogen molecular 

ion wave functions of Bates, Ledsham, and Stewart. An expression for 

the spectral function in terms of the temperature-dependent double-time 

Green's functions for the electron-ion system formed the basis for de¬ 

termination of the positions and magnitudes of the absorption lines, 

the evaluation of these positions and magnitudes being performed nu¬ 

merically on an IBM 7094 computer. The absorption spectrum was cal¬ 

culated for a set of ion vibrational frequencies covering the range of 

optical phonon frequencies found in most lattices and for a set of five 

relative phases of the motion of the two ions running from 0 to n. It is 

expected that the results obtained give some qualitative indication con¬ 

cerning the behavior of a defect center interacting with a longitudinal 

optical vibration mode in a lattice. Some of the most significant aspects 

of the calculated spectrum for the model are as follows: 
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(1) Three groups of lines appear, one (the strongest) in the neigh¬ 

borhood of the pure electronic transition frequency and one each in 

the neighborhoods of this frequency plus or minus the ion vibrational 

frequency. Each group consists of a set of equally spaced (in second- 

order perturbation theory) lines whose magnitudes fall off exponentially 

in one direction with respect to the strongest line in the group. The 

lines in the group tend to tail off exponentially on the low frequency 

side of this strongest line when the phase difference between the ions 

is less than tt/2. 
(2) The envelopes of the two outer groups of lines, corresponding 

to an electronic transition accompanied by phonon creation or annihilia- 

tion, are asymmetrically located with respect to the envelope of the 

central group of lines, corresponding to electronic transition unaccom¬ 

panied by vibrational changes. The central group is nearer the phonon 

annihilation lines for a phase difference between the ions which is 

greater than n/2, and nearer the phonon creation lines for a phase 

difference which is less than tt/2. 

(3) The expected temperature effects are obtained, with the en¬ 

velopes of the three groups of lines becoming narrower at low tempera¬ 

tures and the phonon annihilation lines weakening while the other two 

groups become stronger. 

(4) The shape of the envelope of each of the groups of lines as it 

would be seen by a spectrometer of finite resolution is neither Lorentzian 

nor Gaussian, but a skewed curve given approximately as a sum of 

Gaussians of equal width whose peaks are equally spaced and fall off 

exponentially in height in one direction. 

Paramagnetism Of Color Centers In ZnO Single Crystals IR. B. LAL 

Marshall Space Flight Center 
Huntsville, Alabama 

Effect of space environment on ZnO has been of considerable 

interest because of its use as a pigment with adequate binder for thermal 

control coatings on spacecrafts. Change of diamagnetic susceptibilitv is 

measured in situ at 297 K with the help of a quartz microbalance, after 

ultraviolet irradiation (.002 W/cnr approximately) for two crvstals using 

AH-6 high pressure mercury arc lamp with Corning CS7-54 filter (.2 to 

.4fi), and electron irradiation (1 X 10'r‘ electrons/cm at 1.5 MeY) using 

Van de Graaff accelerator. Diamagnetic susceptibilitv before' irradiation 

agrees with values reported earlier. All the crystals were suspended 

with their c axis vertical. A relative decrease in diamagnetic susccpti 
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bility (3 to 10%) of four different single crystals of ZnO has been at¬ 

tributed to the paramagnetism of color centers formed in irradiated 

crystals. A tentative explanation of an F-center associated with oxygen 

vacancy is given. The same value of Xy, as it was before irradiation 

was obtained when the UV irradiation was stopped and crystals were 

allowed to bleach in air. Following Van Vleck the concentration of 

paramagnetic centers has been calculated to range from f to 12 X 10'” 

centers/cmfor four different samples studied. Further measurement 

of temperature variation of susceptibility will be reported later. This 

work was supported in part by the National Academy of Sciences and 

NASA. 

Acoustic Electron Paramagnetic Resonance of Tetravalent 
U In CaF2 Crystals 

perry f. McDonald 

U. S. Army Missile Command 
Redstone Arsenal, Alabama 

Strong ultrasonic paramagnetic resonance absorption of longitudinal 

phonons by U‘ ions in CaF2 has been observed at 9.0 GHz and 4.2°K. 

The paramagnetic ion sites exhibited trigonal, C3V, symmetry with 

symmetry axes parallel to the [111] directions which correspond to the 

diagonals of the cubic lattice of the CaF2. The variation of resonant field, 

H0, with angle between the field and the trigonal axes yield the values 

gn 4.03 ± .02 and gj_ = 0 ± .1 in agreement with EPR results. The 

paramagnetic ion sites with symmetry axes parallel to the propagation 

direction, [Iff], of the longitudinal phonons do not contribute to the 

absorption in agreement with the predictions of the spin lattice Hamil¬ 

tonian. Peak absorptions of approximately 4 dB/cm were measured at a - 

0 where a is the angle between the magnetic field and the trigonal 

axis. The peak decreased off axis since the width varied as (cos a)~\ 

For a > 65“ the lines were split into three components; a strong cen¬ 

tral line with a weaker line above and another below it in field. The 

relative intensity of the stronger to the weaker components was approxi¬ 

mately 6:1. The magnitude of the splitting and the relative intensities 

are such that the components are not resolved by the spectrometer- 

magnet system at small vanes of a. Large anomalous dispersion was ob¬ 

served in the regions of paramagnetic absorption where signal velocity 

decreases as large as 3.0% were measured. The observed field depen¬ 

dences of the signal velocities follow the absorption line shapes within 

experimental error. 

Lines were observed at twice the field of the main lines with the 

same trigonal site symmetry. These lines appear to be a combination of 
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two-phonon absorption by the same set of levels responsible for the main 

lines and a suppression of the generation of second harmonic vibrations 

at the resonance field of these harmonics. A similar suppression effect 

has been observed in other materials using two different input fre¬ 

quencies and manifests itself as a signal enhancement. Anharmonic 

suppression has also been observed at the resonant field for the third 

and the fourth harmonic vibrations. 

Ultrasonic Resonance In Paramagnetic Crystals 

HARRY C. MEYER and JOHN D. STETTLER 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Ultrasonic paramagnetic resonance (UPR) consists of the transfer 

of ultrasonic energy to the spin system of a paramagnetic crystal. This 

transfer occurs when the quantum of elastic vibrational energy equals 

the energv difference between the magnetic levels. This process is 

analogous to ordinary paramagnetic resonance except that acoustic 

energy is absorbed from the externally forced lattice vibrations rather 

than magnetic energy from an externally applied RF field. The mechan¬ 

ism affecting the transfer of acoustic vibrational energy to the para¬ 

magnetic particle is of the same nature as one of the mechanisms of 

paramagnetic spin lattice relaxation — the one-phonon process. Ultra¬ 

sonic resonance absorption may be considered as a reverse paramag¬ 

netic relaxation phenomenon. This technique has many advantages, in 

certain cases, over conventional paramagnetic resonance experiments 

in the investigation of spin-lattice interactions. The greatest advantage 

is that only one-phonon processes are observed and that the experi¬ 

mental data can be directly compared with theoretical one-phonon 

transition probabilities. 

In a conventional UPR spectrometer magnetron pulses at 9 GHz 

excite a 10 MHz quartz transducer by means of the electric fields pro¬ 

duced in a reentrant cavity. Ultrasonic waves are then generated in tlu' 

paramagnetic sample by this quartz transducer which is aeousticallv 

bonded to it. The ultrasonic waves are observed as a number of decay¬ 

ing echoes which are generated by the quartz transducer each time 

an ultrasonic pulse traverses the double length of the rod by reflection 

from its free end. The decay of these echoes is a direct indication ot the 

ultrasonic attenuation. By applying an external magnetic field of the 

appropriate value to the paramagnetic sample, it is possible to observe 

a decrease in the echo amplitudes due to the absorption ol phonon 
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energy by the paramagnetic spin system. When the magnetic field is 

swept across this resonant condition, a UPR line shape can be observed. 

This resonant phonon absorption by paramagnetic impurities is 

given by 

I lere a is the attenuation per unit length, n is the population density 

difference between the two energy levels of interest, p is the density of 

the sample, and v is the velocity of the ultrasonic wave. The matrix 

element -j i j II <L | j j. is that of the spin-lattice Hamiltonian between the 

two levels of interest evaluated at unit strain, and g(c) is the normalized 

probability that an ion has an energy level difference between v and v + 

do. The paramagnetic spin-lattice relaxation time T, of a two level system 

is given in terms of a for a direct process by 

n hv~ g(t>) 

2ekT a 

where k is the Boltzmann constant. From this it is seen that the rela¬ 

tion between T and a involves the frequency v and the temperature T. 

Two types of investigations have been undertaken with the x-band 

UPR spectrometer. In the first investigation an experimental comparison 

of UPR and EPR line shapes has been made for ruby. This investigation 

was motivated by a theoretical comparison by Loudon of UPR and 

EPR line shapes which indicated that the exchange interaction con¬ 

tributes unequally to the widths. These calculations predict a relatively 

larger UPR line width. Thus, a comparison of line shapes as observed 

by these two techniques is, in principle, capable of determining the 

magnitude of the exchange interaction. We have taken initial UPR and 

EPR line shapes on ruby at 4.2 K. As predicted by Loudon, the UPR 

line widths are always generally greater than the corresponding EPR 

widths. However, Loudon’s calculations cannot be compared with our 

data because these calculations do not include zero field splitting which 

is present in our ruby data. Grant has developed a line shape theory 

which is applicable to ruby. He is now applying his theory to our 

particular experiment for a detailed comparison. In a second investi¬ 

gation recently begun, strong UPR absorption lines have been observed 

in CaF2:Ul+ at 4.2"K. A report on this study is given by Perry F. Mc¬ 

Donald in the next paper, “Acoustic Electron Paramagnetic Resonance 

of Tetravalent U Ions in CaF2 Crystals.’’ 
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Low Temperature X-Ray Irradiation Effects On CaF2 Crystals 

AMBUJ MUKERJI 
Department of Physics 

University of Alabama, University 

and 
GEORGE A. TANTON and JOE WILLIAMS 

U. S. Army Missile Command 
Redstone Arsenal, Alabama 

The energy levels of an electron trapped at an anion vacancy in 

CaF2 have been calculated by Feltham and Andrews. A correction of 

a numerical error in the preceding calculation has been given by Flem¬ 

ing. The latter gives the wavelength of 373 nm as the position of the 

F-band peak. This theoretical result agrees well with the spectroscopi¬ 

cally observed position of the 375 nm band in additively colored CaF2 

crystals and in crystals irradiated at /He temperature bv 3 meV elec¬ 

trons. If one assumes that the 375 nm band corresponds to the F-band, 

then the question must be answered, why this band is not seen in CaF2 

crystals which have been irradiated with X-rays at 300 K. We investi¬ 

gated this problem by first irradiating single CaF2 crystals with X-rays 

of 50 keV energv limit at lower temperatures. A four port double jacket¬ 

ed dewar with a rotatable tail section enabled us to irradiate 3 X 9 X 19 

mm' samples through 1 mm thick Be windows with X-rays at /N2 and 

/He temperatures. Subsequently, the dewar tail section was rotated 

without breaking the vacuum or raising the temperature, by 90 degrees 

bringing quartz instead of Be windows in the optical path perpendicu 

lar to the face of the sample. The increase in optical absorption upon 

irradiation was determined with a Cary 14-R double beam recording 

spectrophotometer. We observed the growth of a single absorption band 

at 375 nm proportional to the dose of X-rays at /No temperature and 

except for a slight indication of a band at — 550 nm, no other bands 

were seen. The irradiation at /He temperature produced a dominant 

band at 375 nm with smaler ones appearing at 314 nm and 490 nm. 

The number of centers asociated with the 375 nm band increased 

linearly with increasing irradiation doses both at /N2 and /He tempera¬ 

tures. An absorbed dose of 1.2 x 107 R formed at least 8 X 10" centers. 

Although impurities are always present in commercially available CaF? 

crystals, their concentration was at least an order of magnitude less 

than that of X-ray induced centers. Upon warming up the crystals ir¬ 

radiated at low temperatures to room temperature in the dark, the ab¬ 

sorption spectrum did not show the 375 nm band at all. We conclude 

that the F-band is thermally unstable and therefore cannot bo observed 

in CaF2 crystals, irradiated with X-rays at room temperature. 
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Studies On U To F Center Conversion In Potassium Chloride 

GEORGE A. TANTON and ROMAS A. SHATAS 
U. S. Army Missile Command, Redstone Arsenal, Alabama 

and 
SHASHANKA S. MITRA 

Department of Electrical Engineering, University of Rhode Island 
Kingston, Rhode Island 

In this communication we discuss some optical properties of F and 

U centers in KC1 and their conversion into each other. The F-center con¬ 

sists of an electron which has substitutionally replaced a halide ion in 

the lattice and possesses discrete energy eigenstates. The electronic tran¬ 

sition from the ground to the first excited state to which phonon states 

have been admixed is seen as an absorption band at 540 nm and is called 

the F-band. The U-center, which is believed to be a hydride ion located 

at a halide ion vacancy and which also possesses discrete electronic 

energy levels, can be formed by heating crystals containing F-centers 

in a hydrogen atmosphere. The first electronic absorption band occurs 

at 214 nm. In its ground electronic state, the center also displays a 

strong resonance absorption around 500 cm'1 due to a localized vibra¬ 

tional mode. F-centers are generally produced by irradiating an alkali 

halide with energetic radiation (for example, x-ray or /3-rays) or by 

additive coloration with the corresponding alkali metal. Jn either case 

the purity of F-centers obtained is far from ideal because of the simul¬ 

taneous production of F-aggregate centers. Since their absorption bands 

are in the spectral vicinity of the F-band, the true F-band shape is 

difficult to deduce. Concentrations as high as 1018 U-centers cm'3 were 

produced bv hydrogenation of additively colored F-centers at approxi¬ 

mately 500 C. Due to the mutual repulsion of the H' ions, no aggregate 

U-centers are known to exist. By irradiating at 80"K our hydrogenated 

KC1 crystals with light from a hydrogen discharge tube emitting in the 

spectral region of the U-band, we formed F-centers free from aggre¬ 

gates. We observed that the intensity of the 500 cm'1 local vibrational 

mode line decreases rapidly with the simultaneous growth of the F- 

band until approximately 2 x 1016 F-centers cm-3 are formed. Measure¬ 

ments of the U-band absorption after irradiation with the U light en¬ 

abled us to deduce that — 1.1 x 10'7 U-centers cm'1 remained from 

the initial concentration of ~ 1.4 x 1017 U-centers cm 3. Because the 

U-converted F-band was free from the usually simultaneously appear¬ 

ing aggregate F-bands, it was particularly well suited for F-band shape 

studies. The F-band was found to have a double Gaussian shape upon 

plotting absorbance against energy. To the contrary, the U-center ab¬ 

sorbance could be closely approximated by a single Gaussian function. 
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The U-bancl shape can be understood in terms of the configurational 

coordinate model. From the temperature dependence of the half width 

of the U-band, one obtains an effective phonon frequency responsible 

for the width of the band. This frequency is situated between the trans¬ 

verse and optical branches of the lattice vibrations. A similar situation 

also applies to the F-eenter. When F-band absorbance was plotted against 

wavelength, the band shape could also be closely fitted by a single 

Gaussian function. We were unable to observe the almost complete 

U- to F-center conversion reported previously by Delbecq et al prob¬ 

ably because of a relatively high hydroxyl ion concentration in our 

crystals. Rolf has shown that uv irradiation of KC1 + KOII at low 

temperature splits the O-H bond. Present in the lattice would then be 

hvdrogen which could combine with F-center electrons and form new 

U-centers. This may explain our failure to observe a complete disap¬ 

pearance of the absorbance at U-band wavelengths in the U- to F-center 

conversion. 

Theory Of Uniaxial Stress Effects On Energy Levels Of Trivalent 

Chromium Ions In Crystalline AL2O3 And MgO 

JOHN D. STETTLER and EDWARD J. RANGEL 
U. S. Army Missile Command 

Redstone Arsenal, Alabama 

To achieve a better understanding of the splitting of the energy 

levels of the Cr:l+ ion in MgO and ALCL, we have investigated theoreti¬ 

cally the effects of slightly distorting the crystalline environment of the 

Cr * ion. Experimentaly, such distortions may be achieved by the ap¬ 

plication of uniaxial stress to the crystal. In order to calculate the effect 

of such uniaxial stress we assume that the crystalline solid can be consid¬ 

ered to be composed of point charges. The contribution V of the crystal¬ 

line electric field to the potential energy of one of the d electrons of a 

Cr3+ ion in a crystal may then be treated as purely coulombic. This may 

be expanded in terms of the sums 

s' =2 <i, r,'N a 
N m m 

1 

where the sum is over all charges in the crystal external to the Gr” ion. 

Here the Ri, 8h i//, are the spherical coordinates centered on the Cr" 

ion of the ith charge qt. The CL (0, ip) is related to the spherical har¬ 

monic YL 0(, </>) of order 1 by CL = [4tt/(2? + 1)] % YL. No terms 

involving CL with 1 odd appear in V because we are concerned only 

with one-electron wave functions of even parity. The effect ol uniaxial 



360 Journal of the Alabama Academy of Science 

stress is to slightly shift the positions of the charges qt. Thus for small 

strains we expand the potential V in a Taylor series about the equilib¬ 

rium values of the positions of these charges, keeping only terms to 

first order in the strain. For homogeneous strains the S' become S' 
N m N m 

+ A S' where the A S; involves the externally applied stress. These 
N m N m /II 

A^S; are then used to form the perturbing potential A V induced by the 

stress. 

First order perturbation theory is used to calculate the effect of A V 

on the energy levels of the Cr3+ ion. Although AV contains a maximum 

of twenty-seven sums of the form S! they are to be calculated for 

the unstressed crystal. Thus many will be zero by symmetry. Others also 

enter the stress-independent V and so can be experimentally deter¬ 

mined from optical measurements. The remaining ones will, in most 

cases, be few in number and so can either be calculated or used as ad¬ 

justable parameters. Thus in the case of cubic MgO the only indepen¬ 

dent terms are one sum that is obtainable from zero stress data and one 

other sum that has to be calculated. For trigonal Al203 there are three 

sums of the first type and two of the second. This theory embodies two 

assumptions that can only be checked by experiment. The first one is 

that the changes within the unit cell of the crystal are given by the 

macroscopic strains. This should be true for MgO but is questionable 

for Al20,. However, it has to be made for want of experimental data 

on what does happen. The second assumption involves the use of the 

point ion model to represent the Cr ‘-lattice interaction. This model has 

been shown to be incapable of explaining the magnitude of the zero- 

stress sums. This is mainly because covalent effects are <|uite important. 

However, in a first order theory changes in the wave function are not 

considered. Therefore one might expect to be able to calculate the 

changes due to uniaxial stress by considering only changes in the po¬ 

tential. This is exactly what has been done in the above theorv of the 

effects of stress on Cr" in MgO and A1203. 

On The Structure Of The Mass Operator 

JOHN G. MOWAT 
Department of Physics 

Auburn University, Auburn, Alabama 

An attempt is being made to generalize the factorization method 

of ordinary quantum mechanics. Such a generalization might help to 

explicate the structure of the elementary particle mass operator. At 

present research is being done on the groups SL (n, 1) in order 

to see how the generators factor for n>2. It is conjectured that any 
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operator algebra of a “non-compact” type is composed of some operat¬ 

ors that factor and that the factorization automatically selects out the 

physical representation of the algebra. 

System Of Reciprocal Basis In A Euclidean Linear Vector Space 

Of n Dimensions 

RAFAEL FITERRE 

University of Alabama, Huntsville 

If we establish the definition of a vector G that we name Vector 

Product of (n-1) vectors in a space Vn. it is possible to find the recip¬ 

rocal vector e* of n independent basis (ei) and employing it we can 

work with no orthogonal basis with the same facility as the orthogonal 

ones. 

Nonlinear Field-Assisted Hopping Model 

Of Conductivity In Rare Earth Oxides 

WILLIAM D. FOSTER 

Department of Physics 

Auburn University, Auburn, Alabama 

Least squares analysis of experimental current-voltage data in 

thin evaporated films of the rare-earth oxides shows that the most prob¬ 

able current transport mechanism is a field induced hopping process. 

The appropriate equation J y sinh cr V is developed. It is shown 

to provide a better fit to the experimental data than the equations for 

Schottky emission and for the Frenkel-Poole process. Values of the jump 

distance times the charge of the diffusing species deduced from the 

parameter cr vary from 2.3 to 18.0 electron-angstroms. A decrease in 

current at a given voltage with increasing voltage cycle is observed for 

atmospheric pressure data whereas the opposite is observed for vacuum 

measurements. Electron microscopy data show the oxides to be fine¬ 

grained polycrystaline films after evaporation. 

Electron Microscope Studies Of The Oxidation Of Nickel 

LUCILLE B. GARMON 

Department of Physics 

Auburn University, Auburn, Alabama 

Thin single crystals of nickel were prepared by vapor deposition 

onto cleavage faces of roeksalt crystals. Films so prepared \\ ere ot 

(001) orientation. These specimens were removed from the roeksalt 

substrate and oxidized under controlled conditions. The nickel films 

were exposed to oxygen pressures of 10 " to 10 ' torr for from 30 see 
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onds to one hour. Specimen temperatures during oxidation were be¬ 

tween 500 C and 700 C. After oxidation, specimens were examined bv 

electron diffraction and electron microscopy. The existence of an in¬ 

duction period prior to the formation of nickel oxide was found, and 

evidence of structural changes in the nickel indicated that this was 

the result of oxygen solution in the metal. The evidence for the struc¬ 

tural changes consisted of “super-lattice” reflections seen in the dif¬ 

fraction patterns attributable to an ordered solution of the composition 

NiiO. Such a three-dimensional structure is in agreement with sur¬ 

face structures found by LEED studies to occur during the adsorption 

of oxygen on (001) nickel surface. 

Longer exposures to oxygen resulted in the formation of discrete 

crystallites, or nuclei, of nickel oxide, ranging in size from 100 A to 

1000 A diameter. Each nucleus was a single crystal of oxide with a 

definite epitaxial relationship to the substrate. It was not unusual to 

find as many as ten orientations of oxide on one (001) nickel face, with 

either the (111) or the (001) face of the oxide parallel to the metal 

surface. Other orientations were also found occasionally. The large 

number of orientations found is attributed to the intermediate stages 

at which these specimens were oxidized. When oxidation was car¬ 

ried out just to the point at which nuclei appeared only a few orien¬ 

tations were found. On specimens oxidized heavily enough so that 

nuclei had grown until they coalesced only a few orientations were 

found. The orientations favored by a continuous oxide film were not 

always those shown by the majority of nuclei when first formed. 

In general, no correlation was found between imperfections in the 

nickel film and oxide nueleation sites. In a few experiments, a high 

correlation between sites of emergent dislocations and nuclei of oxide 

was found, and this is attributed to impurities associated with disloca¬ 

tions. 

Nuclear Magnetic Resonance In Metal Alloys 

And Nonstoichiometric Compounds 

R. D. HICKS 

Department of Physics 

Auburn University, Auburn, Alabama 

The nuclear spin-lattice relaxation time T,, which in metals is 

due primarily to a conduction election mechanism, has been measured 

in the dilute copper alloys Cu-Al (0.25%), Cu-Ag (0.1%), Cu-Ag (5.0%), 

and Cu-Au (0.25%). It was found that Ti for the Cufl3 isotope increases 

in all cases except for the Cu-Ag (5.0%) sample, in which T> was 

found to decrease. These preliminary results agree qualitatively with 

the Knight shifts which have thus far been measured in these alloys. 
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Ellipsometer Studies Of The Growth Of Oxides On Metals 

J. H. KIRKLAND 

Department of Physics 

Auburn University, Auburn, Alabama 

The ellipsometer was used to study the oxidation kinetics of Cu 

and Ni in air. We found that the film thickness actually decreased when 

the samples were first heated. The films on Ni samples decreased ap¬ 

proximately 1 A in thickness and then grew to a thickness of 10 A in 

7 minutes. The films on Cu decreased approximately 5 A and then 

grew to a thickness of 20 A in approximately 6 minutes. All measure¬ 

ments were made in the temperature range 70-100°C. 

Studies Of Metal Oxidation And Built-In Electric 

Field With A Vacuum Microbalance 

RONALD B. MOSLEY 

Department of Physics 

Auburn University, Auburn, Alabama 

A technique for measuring the effect of an electric field on the 

oxidation of metals is presented. This method uses a space charge pro¬ 

duced by an emission filament to allow a constant potential to be 

impressed across the oxide. It has the advantage that no new metal 

or oxide interfaces are introduced. The usefulness of a vacuum micro¬ 

balance to measure rates of oxidation is discussed and experimental 

curves for oxidation of copper in the temperature range 50 C to 200°C 

and a residual pressure of 25 microns are presented. These curves agree 

qualitatively with data published by Young, Cathcart, and Gwathmev. 

Hall Coefficient Measurements In Transition Metals And 

Transition Metal Hydrides 

JAMES LYNN SMITH 

Department of Physics 

Auburn University, Auburn, Alabama 

A thin film method for investigating the Hall effect in transition 

metals and transition metal hydrides is discussed. The hydriding pro¬ 

cedure entails the exposure of evaporated metal films to hydrogen at 

elevated temperatures. The Hall voltage is measured with a d. c. 

Keithley Nanovoltmeter. The effect of hydriding on the Hall cocllicicnt 

has been observed. Technical difficulties with deterioration ol the elec¬ 

trical contacts with time and heating are mentioned. 
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Inelastic Scattering Of Low Energy Electrons 

From Singularly Ionized Lithium 

JOHN WOO and R. A. MANN 

University of Alabama Research Institute and Physics Department 

University of Alabama, University 

The theory of atomic collisions is an important part of many scien¬ 

tific disciplines today. A knowledge of cross sections and transition 

probabilities is necessary in the study of spectroscopy, astrophysics, 

atmospheric physics and atomic physics. Fortunately, there are avail¬ 

able approximate techniques of computation which can be applied to 

an atomic scattering problem. The purpose of this work is to carry out 

a computation in the first term of the Born series and to compare the 

results with experimental results. The particular problem selected for 

this study is the ionization by electron impact of singularly ionized 

Lithium. In addition to the fact that there is experimental data for 

this process there is also the practical consideration that the approxi¬ 

mate wave functions for the bound states are relatively uncomplicated. 

In the calculation it is assumed that the initial state of the system can 

be described by a product of one electron wave functions, composed 

of a plane wave for the bombarding electron and a hydrogen-like wave 

function for one of the bound electrons in the ground state of the 

Li+ ion. For the final state of the system again a product wave func¬ 

tion composed of two plane waves, one for the scattered electron and 

the other for the atomic electron is used. The perturbation is assumed 

to be the Coulomb interaction between the bombarding electron and 

one of the two bound electrons. Exchange and spin effects are also 

included in the calculation. The numerical results were obtained from 

a Univac 1107 digital computer and the general shape of the cross sec¬ 

tion curve obtained was in fair agreement with the experimental curve 

of Lineberger in the energy range between 107 electron volts and 140 

electron volts. This research work was supported by the National Aero- 

nauites and Space Administration under Contract NAS8-11249. 

Industry and Economics 

An Application Of Markov Chain Process For Projecting Farm 

Numbers By Farm Size In The Tennessee Valley Region 

VENKAREDDY CHENNAREDDY 

Tennessee Valley Authority 

Muscle Shoals, Alabama 

In the last three decades, two of the conspicuous characteristics of 

Tennessee Valley agriculture have been: (1) a continuous decline in 
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farm numbers, and (2) the aging of farm operators. Previous farm pro¬ 

grams, in general, have not been oriented to the needs of older farm 

operators. Basic to any change in emphasis is the need for the estima¬ 

tion of future number and age characteristics of farm operators. For 

this purpose, Markov chain process is used for simultaneous projection 

of farm numbers by all size groups taken together. Age distribution of 

farm operators in 1960 by farm size group in the Tennessee Valley 

states is used to project the age distribution of farm operators, given 

the estimated total number of farms in 1970 and 1980. The specific ob¬ 

jectives of this paper are to: (1) describe the shifts of farms from one 

size group to another from 1955 to 1960, (2) project the total number 

of farms and the number by farm size group for 1970 and 1980, and 

(3) estimate the age distribution of farm operators in 1970 and in 1980. 

The number of farms is estimated to decrease in the first four 

farm size groups less than 260 acres and to increase in the last three 

higher farm size groups in both 1970 and 1980. The number in the 

smaller farm size groups is estimated to decrease partly because some 

will disappear and others will move to higher farm size groups. The 

total number of farms in 1960 is estimated to decrease from 193,234 

in 1960 to 149,289 by 1970 and 128,528 by 1980. The estimated dis¬ 

tribution of farms by farm size group by 1980 indicates that the aver¬ 

age farm size will increase. The estimated age distribution of farm op¬ 

erators. by 1980 shows that the percentage number of younger farm 

operators will decline and that of the older will increase. This indicates 

that the aging of Tennessee Valley farm operators will continue in the 

next fifteen years. Farm policies for the aged farm operators should 

be directed toward helping them obtain reasonable incomes on short¬ 

term investments while liquidating long-term investments. Particularly, 

assistance in farm planning, special credit needs, technical information, 

and possibilities for gradual relinquishment of ownership of farm re¬ 

sources, where farm operators are of advanced age and unable to farm, 

should be tied into a package program. 

Status Of Economic Education In The High Schools Of Alabama 

THOMAS DAVID MOORE 

University of Alabama, University 

Americans are frequently accused of being economic illiterates. 

Results of tests on economic understanding validate these accusations. 

Part of the cause for this condition can be traced to the fact that onl\ 

one in five high school students takes a course in economics, more 

over, only one in four college students takes the introducton course 

at the collegiate level. 
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The Alabama Course of Study requires that economics be taught 

in the second semester of grade twelve. This means that there is at 

least one economics teacher in each of Alabama’s 556 high schools. 

Some of the large schools have more than 5 economics teachers. A 

very fundamental cause for a low level of economic literacy in Ala¬ 

bama is the lack of academic training in economics of these teachers. 

(This is no criticism of the teachers; economics simply was not a re¬ 

quired course of study at their respective colleges and universities. The 

University of Alabama College of Education remedied this condition 

in 1966.) 

A questionnaire was mailed to all of the high schools of Alabama 

in the Fall of 1966, in an effort to determine certain characteristics of 

Alabama’s high school economics teachers. The teachers graciously re¬ 

sponded by returning 274 completed questionnaires — an astounding 

50 percent return. The following traits are typical of the economics 

teacher in Alabama. 

1. Her major field of study is either History or Social Studies. 

2. Her minor field of study is English, Social Studies, Physical 

Education, or History. 

3. She has had six or fewer semester hours of Economics. 

4. She also teaches two or three of the following subjects: Govern¬ 

ment, History, Communism, Democracy, Civics, English, or Phy¬ 

sical Education. 

5. She received her B.A. or B.S. from a so-called “state college” 

which specializes in teacher education. 

6. fler chances of holding a master’s degree are four in ten. 

7. She is a dedicated individual who would like to do a better job. 

The above description clearly indicates several ways of enhancing 

the qualifications of our economics teachers. First, all colleges and 

universities should require all students majoring in Secondary Educa¬ 

tion to take at least 9 semester hours of economics. Second, there should 

be an expanded program of workshops, seminars, and special institutes 

for teachers already on the firing line in the classroom. Third, a Council 

for Economic Education, affiliated with the Joint Council on Economic 

Education, should be established in Alabama to encourage, coordinate, 

service and improve economic education. It would be directed by edu¬ 

cators and governed by a Board of Trustees elected from the teach¬ 

ing profession, business, labor, farm, government, and research organi¬ 

zations. Finally, several Centers for Economic Education, affiliated 

with the Council for Economic Education, should be established at 

several colleges and universities, to serve as exclusively academic ve¬ 

hicles for implementing programs of the Council. 
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Level Of Education And Estimated Rate Of School Dropout 

In The Tennessee Valley 

WESLEY G. SMITH 
Tennessee Valley Authority 

Muscle Shoals, Alabama 

In the past, the South and the Valley have greatly under-invested 

in education. A principal result of this under-investment is that incomes 

are lower today than in other regions. Admittedly, the industry-mix 

of a region affects level of income, but level of education has a great 

effect on the industry-mix and, therefore, level of income. It is this 

past under-investment in education that continues to affect the com¬ 

petitive position of the Valley and its potential economic growth to¬ 

day. Likewise, the amount and quality of education young people re¬ 

ceive today will affect the future competitive position of these areas. 

Median years of school completed by persons 25 years old or older 

in 1960 averaged at least 2.6 fewer years in the Valley than in any region 

outside the South. A much higher proportion of rural adults in the Val¬ 

ley and the South had completed less than five years of schooling than 

in any other major region in the country. Conversely, a much lower 

proportion of all rural adults had completed four years of high school 

than in major regions of the U. S. outside the South. 

The student-teacher ratio compared quite favorably with other re¬ 

gions by 1960. In this respect, the Valley states have done a good job 

in catching up with the rest of the Nation in reducing the number of 

students per teacher over the 25-year period. 

The situation is not so favorable with respect to quality, however, 

if we assume that higher salaries attract better teachers and result in a 

higher quality education. In 1965, the average salary of teachers in the 

Valley states varied from $4,190 in Mississippi to $5,650 in Virginia. 

This represented 64 per cent of the Lb S. average for Mississippi and 

87 per cent for Virginia. Putting it another way, Mississippi was paying 

teachers, on the average, about the same salary in 1965 that California 

was paying in 1950. Assuming a positive relationship between quality of 

teaching and salaries paid, it is clear that the Valley states are still under- 

investing in education in terms of quality, although not so badlv as in 

past years. 

Estimated rate of high school dropout in 1960 was 20-24 per cent 

for 16-17 year olds in the Valley compared with 16-19 per cent for the 

U. S. It was 30-34 per cent for 18-19 year olds in the Valiev compared 

with 26-29 per cent in the U. S. It would appear that large numbers ot 

young people in the Valley and the South are being shortchanged in 

future employment and earning possibilities. They may unnecessarih 



368 Journal of the Alabama Academy of Science 

spend more of their lives underemployed or unemployed, considering 

the affluence of the U. S. today. 

Based on expected annual and lifetime incomes, the economic cost 

to society and to the individuals in the seven Valley states of not com¬ 

pleting high school amounts to $88 million annually or $3.5 billion during 

their lifetime. This is a cost to the individual of about 20 per cent in 

loss of income either annually or on a lifetime basis. 

Although the people of the Valley states allocate as large a pro¬ 

portion of their incomes for education as do people in regions outside 

the South, average salaries of teachers, average expenditures per pupil, 

and “quality” of education are lower in the Valley and the South than 

in other regions. Additional sources of revenue are needed if the Valley 

and the South are to close the “quality” gap in education. 

Science Education 

The Aerospace Education Workshops At The 

University of Alabama 1962-66 

CHARLES K. AREY 
University of Alabama, University 

The Aerospace Education Workshops held in the summers of 1962- 

1966 at the University of Alabama are described. History, organization 

and purposes, and sponsorship of the workshops are outlined. An esti¬ 

mate of equivalent money value of the workshop is made. 

IPS—A “See-For-Yourself” Approach To Junior High Science 

D. LEE ALLISON 
Florence State College, Florence, Alabama 

To better prepare students for the new curriculum in biology, chem¬ 

istry and physics, the Physical Science Study Committee developed 

Introductory Physical Science to be taught at the Junior High School 

level. The product, IPS, proved to be so versatile that it is now used 

as a physical science for the terminal student also. The text is a combi¬ 

nation discussion and laboratory manual. The experiments require in¬ 

expensive equipment which can be used in any classroom with flat-top 

desks. The results of the experiments are amazingly like the handbook 

values. The philosophy which motivated the design of IPS is “Let the 

student discover for himself.” Exercises are set up to teach observa¬ 

tional skills and analytical techniques. The course is organized around 

the atomic model. 
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NASA Astronaut Selection And Training 

PRESTON T. FARISH 

M arshall Space Flight Center, Huntsville, Alabama 

The selection process and training program for astronauts of the 

National Aeronautics and Space Administration is described in detail. 

Current requirements for application for astronaut selection are given. 

Particularly stressed are the physical and psychological tests given pro¬ 

spective astronauts. The formal training in academic subjects as well 

as the applied training and field work of the student astronauts are 

also discussed. Various training devices used in the NASA program 

are also described and their functioning briefly explained. 

Assistance For Aerospace Science 

KENNETH C. PERKINS 

Southeast Region CAP 

Nashville, Tennessee 

Snowballing technological progress in the last two decades makes 

it difficult for science teachers to stay abreast. The science teacher 

should be up-to-date in the aerospace field and use the exciting aero¬ 

space developments as vehicles to improve teaching. Aerospace education 

workshops for teachers are conducted annually at the University of 

South Alabama, University of Alabama, and Troy State College. These 

are exciting educational experiences for teachers in any curriculum area 

but are especially valuable in the Aerospace Science area. These work¬ 

shops arouse the teacher’s interest in aerospace and open new horizons 

of knowledge. Several high schools offer a course in Aerospace Science. 

Athens High School is typical of these. 

In addition to this writer, Alabama science teachers should contact 

the following six sources for assistance in aerospace science. 

1. Lt. Col. Lucille Branscomb, CAP, P.O. Box 9, Jacksonville State 

College, Jacksonville, Alabama. 

2. Mr. Charlie Webb, DCS/Aerospaee Education, CAP-USAF, Maxwell 

AFB, Ala. 

3. Dick Pratt, Education Services Officer, Marshall Space Flight Cen¬ 

ter, Huntsville, Alabama. 

4. Walter Zaharivitz, Executive Secretary, National Aerospace Educa¬ 

tion Council, 616 Shoreham Bldg., 806 15th St. N.W., Washington. 

D.C. 20005. 
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5. Dr. Ernest Riggsby, visiting professor of Education, Auburn Uni¬ 

versity, Auburn, Alabama 36830 (Aerospace Education Workshop 

Director). 

6. Dr. Charles Arey, Professor of Education, University of Alabama, 

University, Alabama 35401 (Aerospace Workshop Director). 

The Development of Aerospace Concepts In The 

Public Schools—Grades K-12 

DUTCHIE S. RIGGSBY 

Troy Junior High School, Troy, Alabama 

The development of aerospace concepts in our schools is not as 

coordinated as it needs to be. Its gaps are left for the teacher to fill to 

the best of her imaginative ability. The subject matter through which 

the concepts are developed in the Alabama Course of Study are: 

Elementary School 

Kindergarten: kites, pictures, modeling, and television 

Grade I — community study of transportation 

Grade II — machines 

Grade HI — animals — flight of birds 

Grade IV — birds; air, atmosphere and weather; and a study of famous 

scientists 

Grade V — meteorology and astronomy 

Grade VI — aerospace unit 

Junior High School 

Grade VII — space biology unit 

Grade VIII — aerospace topics within larger units 

Grade IX — science is elective 

Senior High School 

The program for senior high school is variable. It may permit an 

entire course in aerospace, flight training, a Civil Air Patrol Squadron, 

or an Air Force |ROTC unit. Or unfortunately, it may be inclined to let 

aerospace topics be included only as incidental learnings within the areas 

of science or social studies. 

A Brief Description Of An In-Service Aerospace Education Institute 

ERNEST D. RIGGSBY 

Troy State College, Troy, Alabama 

For the past six years Troy State College, through the Department 

of Education and Psychology and with the cooperation of the Science 
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Department and the Division of Special Services, has offered a variety 

of aerospace education and aerospace science programs. Most popular 

of the programs has been the in-service institutes in aerospace educa¬ 

tion. Beginning as a single three quarter-hour, extension course, the 

institute became a five quarter-hour graduate course and finally, two 

graduate courses, each offering three quarter-hours of credit. Major 

emphasis of the experimental program has been placed upon helping 

in-service teachers keep up to date on aviation and space topics and 

development. Highly innovative in approach, the institutes have utilized 

a wide range of educational media and instructional technology. 

Follow-up studies indicate that significant effects are being felt 

in the public school classes of the institute graduates. Student interest 

appears higher during aerospace units and increased use of multi-media 

approaches, as opposed to strictly verbal presentations, are noted. 

Social Sciences 

Confederate Diplomat On The Rio Grande 

EDWARD H. MOSELEY 

University of Alabama, University 

With the outbreak of the American Civil War, Confederate officials 

realized the importance of establishing diplomatic relations with Mexico. 

John T. Pickett was appointed as agent to the government in Mexico 

City, at that time headed by Benito Jua rez. This attempt proved to be 

a complete failure. Pickett’s personal conduct alienated Mexican leaders, 

and eventually brought his expulsion from the nation. This did not spell 

complete failure for the Confederacy, but shifted its primary attention 

to the region of the Rio Grande, and the city of Monterrey. 

In 1855 Santiago Vidaurri revolted against the dictatorship of An¬ 

tonio Lo pez de Santa Anna. He became caudillo of the state of Nuevo 

Leo n, annexed the neighboring region of Coahuila, and extended his 

influence throughout other parts of northeastern Mexico. Since his move¬ 

ments contributed to the success of the liberal forces in Mexico City, 

Vidaurri was allowed to control the revenues from the Gulf ports of 

Matamoros and Tampico. Though nominally a supporter of the national 

government of Jua'rez, Vidaurri was by 1861 virtually the sovereign ruler 

of his northeastern domain. Rumors circulated that he planned to estab¬ 

lish the “Republic of Sierra Madre.” The governor’s region of control 

shared a common border with Texas, and for that reason came to be the 

focal point for Confederate diplomatic efforts. 
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Robert Toombs, Secretary of State for the Richmond government, 

appointed Juan A. Quinterro as secret Confederate agent to the capital 

ol Santiago Vidaurri. This agent, having been born in Cuba, and hav¬ 

ing developed important contacts south of the border, proved a fortu¬ 

nate choice. Arriving in Monterrey, Quinterro developed friendly re¬ 

lations with Governor Vidaurri, and began to procure valuable supplies 

such as saltpeter, lead and corn. Under his guidance the region of north¬ 

eastern Mexico became an avenue of trade between the Confederacy 

and Europe. Weapons, ammunition and other much-needed material 

flowed through Matamoros, avoiding the blockading fleets of the United 

States. Monterrey became a central point for this trade, and for the ex¬ 

port of cotton from Texas. 

At times problems arose, and upon one occasion Vidaurri threatened 

to halt the exchange of goods. Through the influence of Quinterro, and 

through his ability to illustrate to the cauclillo that it was to his advan¬ 

tage to continue the trade, differences were smoothed over. The United 

States consul agent in Monterrey denounced Vidaurri’s pro-Confederate 

attitude, and at one time reported that the rebel flag was flying over 

Monterrey. This valuable avenue of trade was kept open down to the 

last months of the Civil War. 

The effectiveness of the mission of Juan A. Quinterro tended to be 

limited by certain factors beyond his control. There was no adequate 

transportation system between Mexico and Texas, and therefore the 

volume of trade was greatly restricted. Supplies which actually did reach 

the Confederacy were of value primarily in the Trans-Mississippi De¬ 

partment, especially after the fall of Vicksburg. When all factors are 

taken into consideration, however, it would seem that the mission of 

Juan A. Quinterro was one of the most successful phases of Confederate 

diplomacy. At the same time his efforts, and the trade which he helped 

to develop, greatly influenced the history of Mexico. The Confederate 

commerce helped to sustain the position of one of that nation’s most 

powerful and significant regional candillos, Santiago Vidaurri. 

East-Central Europe And The Paris Peace Conference Of 1919 

S. SZILASSY 

Draughon Library 

Auburn University, Auburn, Alabama 

W orld War I was followed by a period of complete chaos in East- 

Central Europe. Revolutionary agitation destroyed the Hapsburg mon¬ 

archy; capital resources dwindled to a fraction of pre-war value; agri¬ 

cultural and industrial production were at a standstill. 
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In Paris, representatives of the Allied powers disagreed about many 

important aspects of the territorial and political rearrangement. They 

authorized a French colonel to deliver a note to the Hungarian re¬ 

publican government that demanded the evacuation of a large part of 

central Hungary, which resulted in a leftist takeover. The Wilsonian 

concepts were generally disregarded in the reshaping of Europe. In¬ 

stead of plebiscites, the momentary military situation determined the 

new borders. 

The territorial changes imposed by the Peace Conference had grave 

political, economic, and social consequences. An unviable Austria and 

a tinv Hungarv were created. Greater Rumania included large Hungar¬ 

ian, German, and Slavic minorities; Czechoslovakia and Yugoslavia be¬ 

came conglomerates of racial and linguistic groups. Instead of elimi¬ 

nating chauvenistic antagonism, the Entente leaders turned small na¬ 

tions of the Danube Valley against each other. 

Economic units, transportation facilities and waterways were broken 

up. People who lived under four or five political roofs before 1919 and 

whose culture, religion and even alphabet were different, were forced 

to join one new state. Sincere cooperation and the establishment of a 

federation for self-defense were impossible under such circumstances. 

The small successor states which were organized on the ruins of the 

Austro-Hungarian Empire in the heart of the continent, were easily 

swallowed up by rising dictatorships. 

The Reaction Of The Huntsville Democrat 

To The Compromise Of 1850 

AUSTIN VENABLE 

University of Alabama, University 

The Compromise of 1850 provided for the admission of California 

as a nonslaveholding state and for the organization of the territories of 

New Mexico and Utah without reference to slavery. The former would 

destroy the balance between the slaveholding and nonslaveholding states, 

and the latter for all practical purposes excluded slaveholders from the 

territories of New Mexico and Utah because it left them to the tender 

mercies of the Mexicans, Indians, and transients. 

The Huntsville Democrat believed these provisions carried the seeds 

for the destruction of the Federal Union with its system ol checks and 

balances and constitutional guarantees. It believed that they destroyed 

the equilibrium between the slaveholding and nonslaveholdiug states 

and that this would make it impossible to preserve the concurrent voice, 

maintain the checks and balances of the Federal Union, and entorce 
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the constitutional guarantees. In view of this, the Democrat believed the 

compromise would have to be resisted or so modified as to preserve the 

concurrent voice, the checks and balances, and the constitutional guar¬ 

antees. It said the South should authoritatively demand of the North a 

restoration of all “its rights, which admit of restoration, and some ade¬ 

quate guarantee for the cessation of antislavery agitation hereafter.” 

The Democrat proposed a six point program which it believed would 

accomplish this purpose, hopefully within the Union, but without if 

necessary. It advocated the reassembling of the Nashville Convention; 

nonintercourse; the organization of Southern Rights Associations; the 

development of Southern industry; direct trade with Europe; and as a 

last resort, secession. The Democrat believed that if the Southern people 

would unite on such a program they could develop the power and 

strength to win the support of Northern conservatives, counteract the 

radicals, and enforce the constitutional guarantees. 

In the unhappy event of the failure of such a program, the Democrat 

was ready and willing to fall back on secession, which it believed was 

an inherent right of the Federal system, as a last resort. During the 

latter part of the summer and fall of 1850 and the winter and spring of 

1851, the Democrat carried on an active editorial campaign pleading 

with the people of Alabama and the Southern people generally to unite 

on the points in its program for the preservation of the rights of the 

South in the Union and to refrain from resorting to secession until all 

methods had been tried and failed within the Union. 

The Role Of Expertise In The Alabama Anti-Poverty Program 

EDWARD C. WILLIAMSON 
Auburn University, Auburn, Alabama 

The war on poverty administered by the Office of Economic Oppor¬ 

tunity has been one of the more controversial issues of President John¬ 

son’s domestic program. Its basic philosophy has been to break the 

poverty cycle; to help disadvantaged people who for several generations 

have either had a low income or been on the welfare roll. Primarily, it 

is supported by federal funds which are supplemented by local funds 

and in-kind contributions. Direction and administration is provided on 

the local level by a coalition of components of the civil community. 

The key agency of the coalition, incorporated by the state as a non¬ 

profit organization, is the Community Action Program (CAP). The 

geographical unit of the CAP is the county or several adjacent counties. 

To provide expertise and a constant service for the CAP, certain colleges 

and universities in Alabama together with the Alabama Advisory Com- 
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mittee on Economic Opportunity—the official state agency for the war 

on poverty—created the Alabama Technical Assistance Corporation 

(ATAC). The major purpose of the small staff of ATAC is to furnish a 

communication link between faculty members willing to act as anti¬ 

poverty consultants and the various CAP’s. For the ATAC project to 

be successful, academic theory has to be integrated into activistic pro¬ 

grams that truly assist the disadvantaged. For if the influx of federal 

funds does not break the poverty cycle in a large number of specific 

cases, then the anti-poverty war is just another welfare project. 

Medical Sciences 

John Brown Gaston 

EMMETT B. CARMICHAEL 

University of Alabama Medical Center, Birmingham 

John Brown Gaston was born January 4, 1834 in Chester County, 

S. C. The Gastons were of French descent and they emigrated to the 

U.S.A. about 1730 and settled in South Carolina. John Brown Gaston 

attended Cedar Shoals Academy, Chester County, S. C. and graduated 

from South Carolina College of Columbia, S. C. in 1852. After reading 

medicine with his brother. Dr. I. McFadden Gaston, he enrolled in the 

Medical department of the University of Pennsylvania. He received the 

M.D. degree in 1855 and began practicing in York County, S. C. After 

two years he opened his office in Montgomery, Alabama in May, 1857. 

Two months later he became a partner with Dr. Nathan Bozeman and 

this partnership lasted for two years. 

Dr. Gaston was commissioned surgeon of the Alabama state militia 

in January, 1861 and on July 19, 1861 he was appointed surgeon of the 

14th Alabama Regiment and accompanied it to the Potomac. He par¬ 

ticipated in the battles at Manassas, Sharpsburg, Fredericksburg, Chan- 

cellorsville and Gettysburg. He was senior surgeon of General Wilcox’s 

Brigade and after reaching Petersburg, he was placed in charge of the 

Alabama Division of the Howard Grove Hospital at Richmond. When 

the war was over, he formed a partnership with Dr. W. 1. Holt in No¬ 

vember, 1865 and the association lasted until 1870. 

In 1869, he delivered the first annual oration after the reorganiza¬ 

tion of the Medical Association of the State of Alabama. He took a verv 

active part in the proceedings of the state association. In 1870 he served 

on the committee which prepared a statement to induce the planters 

and land owners to drain their land to prevent malaria. He was also 
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on the committee to regulate the practice of medicine in Alabama and 

this bill was presented to the General Assembly in 1876. 

He was on the committee in 1878 which went before the General 

Assembly to obtain approval of a bill to establish boards of health in 

Alabama. It was Dr. Gaston who addressed the House of Representa¬ 

tives on the merits of the bill and it was largely through his efforts that 

the Act was passed which stated that the Medical Association of Ala¬ 

bama constituted the Board of Health. Then the state association created 

a permanent committee of ten members as the Committee of Public 

Health and Dr. Gaston was a member of that committee for many years. 

He was President of the Medical Association of the State of Alabama 

in 1882. 

Dr. Gaston was not a prolific writer but his paper on the “Medico¬ 

legal Evidence of Independent Life in a New-born Child” which appear¬ 

ed in January, 1876 issue of the American Journal of Medical Sciences 

provoked a great deal of interest and discussion by the medical pro¬ 

fession. 

Dr. Gaston was a member of the American Medical Association and 

of the Medical and Surgical Society of Montgomery. Dr. Gaston died 

Nov. 8, 1913. 

John Clark LeGrande 

EMMETT B. CARMICHAEL 

University of Alabama Medical Center, Birmingham 

John Clark LeGrande was born on December 6, 1854 at White 

Plains, Calhoun Comity, Alabama. He founded The Alabama Medical 

and Surgical Age in 1889 in Anniston and was both publisher and editor. 

Later the name of the publication was changed to The Alabama Medi¬ 

cal Journal. Dr. LeGrande was Vice President of the American Medical 

Association 1895-96. He was President of the Medical Association of the 

State of Alabama in 1900. He served as president of the Tri State Medi¬ 

cal Society for Alabama, Georgia, and Tennessee in 1902. He was Pro¬ 

fessor of Obstetrics and secretary of the faculty of the Birmingham 

Medical College. He died on March 21, 1906 of splenomyelogenous 

leukemia. 

The Doctors Searcy—Reuben Searcy And His Descendants 

EMMETT B. CARMICHAEL 

University of Alabama Medical Center, Birmingham 

Reuben Searcy was born on December 20, 1805 at Chapel Hill, N.C. 

He moved to Tuscaloosa, Alabama in 1816. He read medicine with Dr. 

James Guild, Sr. and then he enrolled in the Medical Department, 
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Transylvania where he received the M.D. degree in 1832. He returned 

to Tuscaloosa and formed a partnership with his preceptor, Dr. Guild. 

His practice became quite extensive and he practiced almost continu¬ 

ously for 55 years except for the winters of 1841 and 1842 when he rep¬ 

resented Tuscaloosa County in the state legislature. In 1858 he was ap¬ 

pointed President of the Board of Trustees of the Alabama Insane Hos¬ 

pital, a position he held about 30 years. He took a very active part in 

both the Tuscaloosa County Medical Society and the Medical Association 

of the State of Alabama. Dr. Searcy had five children and his son, 

James Thomas Searcy, followed in his father’s profession. 

James Thomas Searcy was born on December 10, 1839 at Tusca¬ 

loosa. He attended the University of Alabama and received the M.D. 

degree from New York University in 1867. When his father, Dr. Reuben 

Searcy, retired as President of the Board of Trustees of the Alabama 

Insane Hospital in 1887, he was chosen to replace him. Five years later 

in 1892 he succeeded Dr. Peter Bryce as Superintendent of the hospital 

and served until 1919. He was President of the Medical Association of 

the State of Alabama in 1893 and was the first Jerome Cochran lecturer 

in 1S99. He was President of the American Medico-psychological As¬ 

sociation in 1912-13. He was a frequent contributor to the medical 

journals. 

Dr. James T. Searcy had twelve children and three of his sons, 

Reuben, George, and Harvey, received the M.D. degree and a fourth 

son. Battle, graduated in dentistry. The third generation included George 

and Harvey. It was George who observed an acute epidemic of pellagra 

in America at the Searcy Hospital, Mt. Vernon, Ala. Pie also eorrectlv 

observed that the disease was due to the diet. Both George and Harvey 

became trustees of the Bryce Hospital. Reuben Martin died in 1892 

soon after receiving the M.D. degree. Battle Sorsby received the D.D.S. 

The fourth generation of physicians were the sons of two of Dr. 

James T. Searcy’s daughters, Abbie and Evelyn. Abbie married Hcnr\ 

A. Snow and their son is Dr. James S. Snow. Evelyn married Dr. | b 

Farrior and both of their sons are physicians. Dr. |. Brown Farrior and 

Dr. Richard T. Farrior. 

The fifth generation is represented by Dr. Robert E. Yoder, grand 

son of Dr. Harvey, Dr. Battle Sorsby Searcy, III, grandson ol Dr. Battle, 

and Dr. Hilmon DeWitte Holley, Jr. 
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Permeability Of The Guinea Pig Placenta To Tetanus Toxin 

EMMETT B. CARMICHAEL and J. ROSS VEAL (deceased) 

University of Alabama Medical Center, Birmingham 

Guinea pigs were selected that were near full term. They were an¬ 

esthetized with ether and a small incision was made in the belly wall 

which allowed us to view the foeti since the walls of the uterus were so 

thin. Dry tetanus toxin was dissolved in saline and injected intraperi- 

toneally into one foetus in each mother by means of a No. 27 hypodermic 

needle. Enough of the toxin was injected which was equivalent to 2.5 

to 5.0, the minimal fatal doses for the mothers. The stomach wall and 

skin were closed by silk suture and sterile technique was observed 

throughout the whole procedure. Then the mothers were kept in a warm 

room to avoid chilling before recovery from the anesthetic. The object 

of the experiment was to see whether the toxin would pass through the 

placenta and be toxic for the mothers. In no case did the mother show 

symptoms of tetany. If delivery was within 36 to 48 hours after the toxin 

was injected, the injected foetus was usually dead or died within the 

next 24 hours. If delivery was several days after the injection, then the 

injected foetus was born dead. Controls using intraperitoneal injec¬ 

tions of 1 c.c. of sterile saline into foeti in utero did not cause death 

of the foeti. 

On The Identity Of Inorganic Pyrophosphatase Activity 

In Preparation Of Cell Nuclei 

FRED E. GILBERT and K. LEMONE YIELDING 

University of Alabama Medical Center, Birmingham 

Inorganic pyrophosphate is a product of the DNA and RNA pyro- 

phosphorylase reactions and its levels could regulate synthesis of these 

polynucleotides. The question arises therefore of whether there is a 

specific inorganic pyrophosphatase (PPitase) in nuclei since such an 

enzyme might represent an important metabolic control point. The pres¬ 

ence of PPitase activity in mitochondria, microsomes, and in the solu¬ 

ble cell sap, makes it essential to obtain nuclei free of these other cell 

components in order to answer this question. In this study, intact and 

relatively pure nuclei were obtained from rat liver following the pro¬ 

cedure of Sporn, Wanko, and Dingman employing 2.2M sucrose. Ac¬ 

tivity was found at 3 pH optima: 4.0-5.5, 7.25, 8.15. The pH 7.25 PPitase 

activity was correlated with glutamic dehydrogenase activity of the 

preparation indicating that it was due to mitochondrial contamination. 

Similarly the pH 8.15 PPitase activity could be correlated with micro- 
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somal contamination as shown by determining the microsomal enzyme, 

glucose-6-phosphatase. In both cases careful washing experiments re¬ 

vealed a corresponding decrease in PPitase and in the levels of the 

enzymes characteristic of mitochondria and microsomes. Since there 

exists an PP.tase with acid pH optima both in mitochondria and micro¬ 

somes, it is much more difficult to establish whether residual activity 

in washed nuclei is due to contamination by either or both of these cell 

particles. These experiments suggest that the bulk of PPitase activity in 

preparations of nuclei from rat liver may be accounted for on the basis 

of other cell constituents indicating that PP, in nuclei must be elimi¬ 

nated bv diffusion. 

Binding Energetics For Diethylstilbestrol To Glutamate 

Dehydrogenase: A Model For “Allosteric” Enzyme Interaction 

MURRAY R. SUMMERS and K. LEMONE YIELDING 

University of Alabama Medical Center, Birmingham 

The activity and structure of glutamic dehydrogenase are sensitive 

to a variety of small molecules. Effects such as this have been grouped 

under the term “allosteric” regulation. The synthetic estrogen like com¬ 

pound, diethylstilbestrol, is one of the most potent of these small mole¬ 

cule modifiers for this enzyme. This hormone like compound induces 

a conformational change in the glutamic dehydrogenase with concomit¬ 

ant loss of catalytic activity towards glutamic acid, and gain of ac¬ 

tivity towards certain monocarboxylic amino acids. This type of effect 

has been vigorously investigated over the past few years not only be- 

i cause of its biological significance, but also because it provides another 

means of understanding the nature of interactions between small mole¬ 

cules and proteins. 

As a first approach to the DES-GDII effect, it seemed important to 

study the energetics of the DES inhibition. This was done bv first dc 

termining kinetically the K’s for the dissociation of the enzyme DES 

complex at three different temperatures. These K’s were then plotted 

as InK vs. I and AIT and AS for the transition were determined Irom 
T 

the extrapolated curve. The data indicate that the binding oi DES to 

GDH liberates ca. 10 kcal/mole accompanied by a net decrease in the 

entropy of the system. An interpretation of the physical signilicance ol 

these data will be given. 
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Engineering 

A Monopole-Dipole Radiating Element With An Uncoupled, 
Non-Radiating And Unbalanced Feed System 

R. J. COLEMAN and E. R. GRAF 
Department of Electrical Engineering 
Auburn University, Auburn, Alabama 

The feed structure of a dipole placed a distance of \/4 horizontally 

above a ground plane, and fed with a coaxial cable, may be changed 

from unbalanced to balanced through the use of a sleeve or “Bazooka” 

balun. The balun may be used as part of the radiating structure for a 

vertical element, if it is connected as a folded monopole. The horizontal 

dipole and vertical folded monopole are uncoupled to a high degree, 

and the impedance of the folded element may be adjusted by altering 

the diameters of the conductors and the spacing between them. The 

element may be fed with a phase quadrature current to yield elliptical 

polarization broadside to the horizontal element. The horizontal ele¬ 

ment may be replaced by a horizontal turnstile antenna to yield elliptical 

polarization in the hemisphere about the antenna. 

An Improved Integral Discriminator 

JOHN GATES, HAROLD ZALLEN, and CHESTER C. CARROLL 
Departments of Radiogical Sciences and Electrical Engineering 

Auburn University, Auburn, Alabama 

The complexity, speed, and sensitivity of single and multi-channel 

analyzers depend considerably upon the type of discriminators em¬ 

ployed. Since all trigger circuits can be used as basic units for discrimi¬ 

nators, digital as well as nuclear techniques can be combined to design a 

useful discriminator. A single tunnel-diode combined with one or two 

transistors makes a basic integral discriminator which is highly sensitive. 

Many tunnel diode discriminators presently used have not attained the 

simplicity of design of digital circuits. Digital circuits utilizing tunnel- 

diodes can offer two advantages: high switching speed and a well- 

defined triggering threshold. A bistable tunnel-diode discriminator based 

on digital and nuclear techniques is presented. A basic circuit is de¬ 

scribed relating all associated components of the discriminator to the 

choice of one parameter. The discriminator is designed to constantly 

monitor the difference between the input pulses and a threshold voltage, 

and to produce an output pulse when this difference is within a cer¬ 

tain tolerance range. The desired sensitivity of the discriminator is de¬ 

termined by this tolerance range. The sensitivity obtained with a 1 mA 

tunnel-diode is approximately 50 uA. 



Abstracts 381 

The Prehistoric Earth As A Ten CPS Resonator 

E. R. GRAF 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

The paper presents a theoretical conception of the Pre-Cambrian 

earth and its atmosphere, ionosphere, and Van Allen Belts, as a gigantic 

10 Hz, concentric, spherical resonator. The critical dimensions of the 

resonator were fulfilled in the following manner: (1) the molten core 

of the earth served as the inner sphere, having a circumference of one 

wavelength at 10 Hz; and (2) the ionosphere served as the outer sphere, 

with a spatial separation of one-half wavelength from the molten core, 

again, at 10 Hz. The tremendous equatorial currents of the Pre-Cam¬ 

brian Van Allen Belts provide the energy input into the resonator in 

the following manner: (1) the 10 Hz fluctuation of the earth’s mag¬ 

netic field caused a 10 Hz perturbation in the currents of the Van 

Allen Belts; (2) tremendous quantities of energy were thus radiated 

by the Van Allen Belts at 10 Hz; and, (3) while a portion of this radi¬ 

ated energy was reflected by the ionosphere, a considerable amount 

penetrated and was trapped in between the earth and the ionosphere. 

The field-configuration of the resonator might be described as fol¬ 

lows: (a) the electric field lines ran parallel to the equator, with maxi¬ 

mum field strength equidistant from, and minimum field strength at. 

the surface of the two spheres; (b) the magnetic field loops ran parallel 

longitudinally from pole to pole, with their maximums at the surfaces 

of the two spheres, and minimums equidistant between them. 

Thus, it appears that tremendous electric and magnetic fields vary¬ 

ing at 10 Hz were present at the earth’s surface during the Pre-Cambrian 

era. Too, it is likely that this phenomenon was accompanied by tre¬ 

mendous electrical discharges and high temperatures in the region of 

high electrical field strength, about two thousand miles above the 

earth’s core. Doubtless, the conditions at an altitude of several miles 

were precisely those conducive to the formation of the amino acids, as 

currently understood by life scientists. Moreover, the conditions at the 

surface in conjunction with the electromagnetic field provided the proper 

environment for the spontaneous generation of life itsell from its proto 

noid building blocks. A far ranging ramification of such a conception 

is that the alpha rhythmn of the human brain represents an optimi/a 

tion whose basis was a fundamental characteristic of the Pre-Cambrian 

geophysical environment. 
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Circular Array Of Tangential Dipoles 

J. L. HILBURN and C. E. HICKMAN 
Department of Electrical Engineering 
Auburn University, Auburn, Alabama 

The elements of the circular antenna arrays investigated in this 

paper consist of N identical center-fed cylindrical dipoles whose centers 

are equally spaced around the circumference of a circle. The elements 

are placed tangential to the circle and lie in the plane of the circle. The 

derivation of the integral equations defining the vector potential over 

the surfaces of the elements is presented first. The reduction of these 

equations to a single integral equation is then obtained by the intro¬ 

duction of sequence voltages for the terminal voltages. A numerical 

solution of this equation for each sequence is then developed employing 

the Gaussian quadrature formula for numerical integration. Finally, 

experimental results of the current distribution and terminal admittance 

ol a drive monopole in a tangential array positioned on a groundplane 

are compared with the theoretical calculations. 

A Centralized Electronic Parts Data Center For 

Guidance And Control Equipment Development 

ERNST LANGE 
NASA/MSEC 

Huntsville, Alabama 

The NASA/MSFC Parts Reliability Information Center (PRINCE) 

is a computerized source for parts and materials information collected 

from many nation-wide activities. Emphasis is on hard-to-get test and 

experience data rather than “vendor data." The various sources, serving 

as input to the data center, the tie-in to other data centers and the 

present information volume of the center were described. The data cen¬ 

ter output capabilities were outlined. As a result of proper program¬ 

ming, selective retrieval of the information is possible with great versa¬ 

tility, e.g., by environmental characteristics, program usage, vendors, 

failure records. 

Design and reliability engineers can greatly benefit from this data 

center. They have most nation-wide existing parts data at their dis¬ 

posal immediately and can apply it for their particular design, analysis, 

and reliability appraisal. Furthermore, it is possible to continuously 

verify the reliability of all parts used on large projects, like Apollo, by 

monitoring nation-wide test and application experience on similar 

parts and materials. The data center can help to advance the state-of- 
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the-art on parts by pointing towards failures against requirements. In 

test and evaluation activities, duplication of efforts can be minimized; 

often most of the desired information is available instantly. 

The Effect Of Non-Homogeniety On Torsion Of 

Hollow Elastic Infinite Cylinders 

C. K. LIU 
Department of Mechanical Engineering 

University of Alabama, University 

In this note the circumferential displacements are computed for 

non-homogeneous hollow elastic cylinders of infinite length, subjected to 

a static shear at the inner surface, while the outer surface is fixed. The 

non-homogeneity of the cylinder material is exemplified by the variation 

of the modulus of rigidity, in several different ways, along the radius ol 

the cylinder. In Part I, formulas are presented for four different non- 

homogeneous materials, in addition to the conventional material of con¬ 

stant modulus of rigidity. Part II contains the analysis for a bonded 

composite cylinder; the moduli of rigidity of the component cylinders 

vary from cylinder to cylinder in an arbitrary manner. One of the 

illustrative examples demonstrates that the formulas in Part I can aid im¬ 

measurably the solutions in Part II. 

The results of the present study should be of special interest to the 

designer who designs for torsional rigidity of structural members rather 

than for strength. 

Single-Amplifier, Single-Frequency Receiver For Continuous 

Phase Comparison Measurements 

C. E. SMITH and E. R. GRAF 
Department of Electrical Engineering 
Auburn University, Auburn, Alabama 

The purpose of this receiving system is to provide a means of ac¬ 

curately measuring the phase difference between two RF signals of the 

same frequency at low input power levels. The conventional techniques 

of phase comparison measurements between two RF signals utilize 

two independent channels at the same or different frequencies. These' 

techniques, in general, utilize phase-lock receiving systems, or stan 

dard separate narrow-band receiving systems. The nature ol tin- pro¬ 

posed system, which was developed for use in a direction Under svstem 

for directing a phased-array antenna, eliminates certain design problems 

which are characteristic of conventional types ol low-level phase' inea 

surement schemes. 
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The receiver described herein employs standard mixing, amplifying, 

and second detection schemes and, therefore, avoids the acquisition and 

tracking problems characteristic of ordinary phase-lock receivers. The 

signals, which are compared in phase by this receiver, are processed 

in such a way that the phase transmission characteristics of the receiving 

system, and the doppler shift present on both signals, are cancelled. 

Thus, the phase characteristics of the measuring equipment are effec¬ 

tively stabilized; and, the bandwidth of the system can be reduced after 

the doppler cancelation operation to increase the overall sensitivity of 

the system. The phase error introduced through the use of two separate 

narrow-band channels for phase measurement can be eliminated if 

both signals are processed through the same receiving channel. This is 

accomplished by shifting the frequency of the signal in one channel by 

a small amount by means of a dual mixing or heterodyning operation. 

The implementation of this process establishes a double-carrier sig¬ 

nal at an intermediate frequency when the signals are summed. Thus, 

if the two signals are then processed in the same amplifying system, 

any phase delay introduced by the equipment will be nearly identical 

for both signals because of the relatively near-identity in frequency. A 

square-law detector is used to obtain the beat frequency between these 

two signals, which contains the phase difference information related 

to the input signals. The reference for the phase measurement is ob¬ 

tained from the beat frequency between the sources used in the dual 

mixing of the input signals. A phase comparison of these beat frequency 

signals is a function only of the phase difference of the two input sig¬ 

nals. A small phase error resulting from the signal processing is intro¬ 

duced, but the error can be cancelled at some appropriate point in the 

system. Experimental results from use of a 138 mc/s receiver of this 

type indicate that sensitivities of better than —120 dbm can be obtained. 

Design Of A Digital Gamma Kay Dosimetry System Using 

Frequency Modulated Telemetry 

JOHN M. THORINGTON, HAROLD ZALLEN, and CHESTER C. CARROLL 

Departments of Radiological Sciences and Electrical Engineering 

Auburn University, Auburn, Alabama 

A brief description of gamma ray personnel dosimetry systems is 

given. Disadvantages of existing systems are pointed out and the need 

for a dosimetry system using radio-telemetry is shown. Several possible 

systems are described and a digital system using a Geiger-Mueller detec¬ 

tor and frequency modulated telemetry has been designed. A miniature 
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unit to be carried on a person has been constructed. This unit contains a 

GM detector, energy dependence filter, battery pack, high voltage sup¬ 

ply, pulse shaping circuits, and a FM transmitter. A remote data pro¬ 

cessing center consisting of a FM receiver, amplifier, wave shaping 

circuit, scaler, and a digital display was constructed. The complete 

system was tested using a 2e°Co Sealed Source, a “7Cs Sealed Source, and 

a f40 Kvp X-Rav Machine. The system was found to be essentially en¬ 

ergy independent for gamma photons with energies between 50 Kev 

and at least f.25 Mev. The results of the experiments illustrate the sys¬ 

tem was doserate independent (± 15 per cent) for doserates from 1.0 

Mr/hr. Methods of improving the doserate response and the applications 

of such a svstem are discussed. 

Accomplishments And Rewards Of A Ford Foundation Residency 

JAMES V. WALTERS 

Ford Foundation Engineering Resident 

International Paper Company and Department of Civil Engineering 

University of Alabama, University 

The Ford Foundation program of faculty residencies in engineer¬ 

ing practice is an educational experiment in the training of engineering 

teachers. In originating the program the Foundation responded to a 

need generally recognized by the profession. Through it they sought to 

balance the theoretical and research emphases of engineering doctoral 

programs with practical experience young teachers could gain in in¬ 

dustry under the direction of carefully chosen Preceptors. 

Alabama’s first participant in the program is now completing a 

Residency in the Southern Kraft Division of International Paper Com¬ 

pany. The major work objective chosen for this Residency has been the 

evaluation of water quality conditions and waste assimilative capacitx 

of the estuary upon which the Company’s Moss Point, Mississippi Mill 

is located. In addition to the benefits resulting directly from these ac¬ 

tivities the Resident has been able to serve the Company as educational 

consultant at a time when increasing effort was being devoted toward 

acceleration of the continuing education of its engineers. Other super¬ 

venient benefits of the Residency have been the Resident's participation 

in the Company’s evaluation of developments pertaining to the process 

of stream classification in the states where the Division's mills are lo¬ 

cated and the recreative effects of the industrial milieu upon him. 
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Anthropology 

Some Notes On The Educational Attainment And Occupational 

Prestige Of Selected Southern Klansmen 

J. D. CARDWELL 

University of Alabama, University 

This study originated as a term project for coursework in the De¬ 

partment of Sociology and Anthropology at the University of Alabama. 

The study represents two sections of a more exhaustive (but as yet 

incomplete) study on “The Symbolism of The Fiery Cross of The Ku 

Klux Klan,” in which the sections were used to supply background data 

in connection with the hypothesis. The method utilized was loosely struc¬ 

tured participant observation of sixteen local Klansmen in the geo¬ 

graphical area of study. Data was obtained through casual conversation 

with Klansmen at their “local hang-outs” and whenever the drift of the 

conversation permitted unobtrusive questioning. 

Data on educational level of the Klansmen are presented without 

secondary supporting data, although one such source is mentioned to 

illuminate the findings of the study. Data on occupational prestige are 

presented and analyzed largely through the use of secondary sources 

(this method was utilized due to the large number of subjects in the 

secondary source and the correspondingly small number in the present 

study). The data obtained in the study were found to closely parallel 

that in the secondary sources, however. The data seem to support exist¬ 

ing notions concerning the nature of the Klansman’s educational attain¬ 

ment and occupational prestige. 

Age Composition Of Farm Operators In The United States In 1970 

VENKAREDDY CHENNAREDDY 

Agricultural Economics Branch 

Tennessee Valley Authority, Muscle Shoals, Alabama 

Most previous studies for projecting the number of farm operators 

in different age groups are based either directly or indirectly on the 

hypothesis that the mobiilty of farm workers to nonfarm occupations is 

a function of the ratio of current nonfarm wage rate to the current wage 

rate in farming. This study is based on the premise that relative present 

value of future income stream in farming and in nonfarm occupations 

plays a major role in shaping the decisions of farm workers whether to 

remain in or to move out of farming. 
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The total number of farm operators projected for 1970 by Bishop 

and Tolley, Fox, Johnston, and Clawson and in this study do not deviate 

much from one another. However, the age distribution of farm opera¬ 

tors appears quite different. The projected number of younger farm 

operators for 1970 is generally lower in this study than that in previous 

studies, and the number of older farmers is generally higher. According 

to the projections of this study, there will be a reduction of at least 1.15 

million farm operators bv 1970. The projected number of farm operators 

in each age group for 1970 indicates taht the trend of aging of farm 

operators will not be reversed. This is clearlv exhibited by the very 

small number of farm operators in the age group 15-24. This would 

only be reversed in the future if the ratio of present values of future 

income stream in the nonfarm sector to the same in the farm sector 

turns out to be favorable for farming. This can be partly achieved by 

farm programs to increase the labor returns in agriculture. 

The Weeden Island Occupation Of The Miller’s Ferry 

Lock And Dam Reservoir, Wilcox County, Alabama 

JOHN W. COTTIER 

University of Alabama, University 

Archaeological salvage investigations conducted in Wilcox County, 

Alabama, have revealed several sites considered to belong to a Weeden 

Island horizon. This horizon is well known from the Florida Gulf Coast, 

and is considered a major segment of the Gulf Tradition itself. The 

dispersion of the ceramic complex associated with this horizon is exten¬ 

sive within the Gulf Coastal region; however, its inland distribution 

remains poorly defined at the present time. The ceramic complex re¬ 

covered from excavations at the majority of the sites in Wilcox County 

is very similar in content to collections reported from Gulf Coastal type 

sites. If the vitality of the culture expressed in its ceramic assemblages 

can be considered classic in this situation, then a classic Weeden Island 

occupation of the Alabama River portion of Wilcox Countv existed 

during both the Weeden Island I and II time periods. Type sites occur¬ 

ring during this occupation existed not only along the river, but also 

along some small tributaries. Additional investigation is needed (o bli ¬ 

ther define the northern extent of the Weeden Island horizon within the 

Alabama River drainage area. 
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Observations On Cultural Changes Among The 

Cofan Indians Of Eastern Ecuador 

CHARLES M. FUGLER 

Auburn University, Auburn, Alabama 

Approximately 200 individuals belonging to the Cofan tribe reside 

in Ecuador on the lbo Aguarico (Dureno, Dowino, ConDue, Puerto 

Libre), the Rio San Miguel, and the Rio Bermejo. Approximately 80% 

are monolingual, 15% weakly bilingual, and 5% fluently bilingual. Only 

5% are detribalized. In adjacent Colombia, 250 tribal Cofan have been 

censused of which 50% are detribalized. Perhaps 40% are weakly bilingual 

and 20% fluent in Spanish and Cofan. Intermarriage between Cofan and 

Siona (on Rio Shushufindi) is frequent. Intermarriage between Cofan and 

Quechua is infrequent. The Cofan resist change in tribal dress except 

where white contact is frequent. Blowguns are used infrequently be¬ 

cause curare, formerly imported from Brazil, is no longer available. 

Facial painting, facial depiliation, and piering of nasal septum and ear 

lobes persist. 

A Program For Field Training In The 

Behavioral Sciences In Yucatan 

ASAEL T. HANSEN 

University of Alabama, University 

The report sketches the problems of cross-cultural research, de¬ 

scribes the set-up of the training program, and outlines its operations. 

Since it is happening in Yucatan, the geography, ecology, and eth¬ 

nography of the region is touched on by way of background. 

An Example Of Applied Anthropology: Ethnic Groups And 

The Aircrew Survival (Illustrated) 

PAUL H. NESBITT and H. MORGAN SMITH 

Air University, Maxwell AFB, Alabama 

This study is concerned with the important cultural values which 

must be considered when making contact and dealing with primitive 

tribal societies. Tbe film begins with a series of film clips which portray 

clearly and colorfully the way of life of some of the primitive groups 

found in different parts of the world. It depicts the unique aspects of 
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their different cultures, superstitions, and age old customs, and com¬ 

pares them with our modern way of life. The question is then asked: 

What would you do if you found yourself among a primitive group? In 

answering the question the film stresses the importance of accepting 

and respecting their religious beliefs, their customs, cultural standards, 

unorthodox methods of doing things and, above all, realizing they are 

human beings just like we are. 

The film continues with the survival experience of a pilot who is 

forced to abandon his aircraft over the jungles of South America. Prior 

to his flight the pilot is shown checking his ethnic cards to determine 

what ethnic groups inhabit the areas over his route of flight. Sequence 

of events after reaching the ground include: floating down river in one- 

man liferaft, pilot rechecks ethnic cards and determines he is in Choeo 

Indian country, sighting native dwelling on river bank, and making 

contact with Choco Indian. By following the principles taught in sur¬ 

vival school, and using the information contained in the ethnic cards 

the pilot used an open, cautious approach in making contact with this 

primitive group. He showed friendliness, he showed an interest in their 

native handicraft, respected their customs, was patient, courteous, and 

he respected their personal property. In the end he paid for what he 

had obtained in the way of food and hospitality and, in turn, his native 

host transported him to civilization and eventual rescue. 

■ 

The Yuchi And The Shawnee Indians In 

Alabama And The Southeast 

GLORIA WENTOWSKI 

University of Alabama, University 

The Yuchi and the Shawnee were late arrivals among the groups 

of Alabama Indians, settling on the Tallapoosa River in central Alabama 

around 1733. Because of their late arrival and because both groups spoke 

a language not native to the Southeast, little is known of their move¬ 

ments and way of life after their arrival. From archaeological and his¬ 

torical accounts, I have attempted to reconstruct as much as possible 

their migrations into the Southeast and into Alabama. 



390 Journal of the Alabama Academy of Science 

INDEX 

Aerospace Concepts in Public Schools 370 
Aerospace Education Institute, Description 370 
Aerospace Education Workshops .368 
Aerospace Science, Assistance .369 
Alabama Anti-Poverty Program, Role of Expertise 374 
Alabama Development, Problems of Allocation 248 
Alabama Pebble Tools 266 
Alexander, Myrtle I). 37 
Alford, W. L.240 
Allen, Ralph 11.. Jr.103 
Allison, I). Lee .368 
Allocation Problems, Dynamic Programming Algorithm for Solution 300 
Ainason, Thomas G.311 
Amino Acids of Chick Embryos . 37 
Anderson, M. 11.246 
Anthrophology, Example of Applied .388 
Archer, J. L. .273 
Architectural Traditions, Similarities Between American and European 255 
A rev, Charles K.368 
Askew, R. F.235 
Astronaut, NASA Selection and Training 369 
Atkinson, A. W„ Jr.317 
Atmospheric Density, Models from Surface Through 25 KM 236 
Atrazine, Dissipation from Soil 223 
Atrazine, Effect on Trichoderma viride 332 
Auburn Plasma Phenomena Laboratory 263 
Autrey, K. M. 96 
Auxins, Effects on Ginkgo Cuttings .222 
Axial Current Density, Radical Dependence 237 
Bailey, H. 251 
Baker, M. F.  233 
Barker, S. B.257,258 
Baugh, Robert H.345 
Bell, T. H. 233 
Bennett, A. G.273 
Bennett, Jefferson S.350 
Bird Populations, Four Communities in Blue Ridge Mountains 172 
Birmingham Area: Dynamics of Food Production 96 
Birmingham Area: Geography 83 
Birmingham Area: Its People . 90 
Birmingham Area: Outdoor Recreation .103 
Birmingham Area: Physiography and Soils . 89 
Birmingham Area: Resources and Development—Symposium 83 
Blair, C. E., Jr.222 
Blodgett, L. W.258 
Blood Pyruvic Acid, Effects of Glucose, Fructose, and Sucrose 224 
Bowden, Bonny J.221 
Brock, O. \V„ Jr.264 



Index 391 

Bryant, F. Dudley 345 
Bryant, Keith, Jr. 188 
Budenstein, P. P. .242 
CaF2 Crystals, Effects of Low Temperature X-Ray 357 
Cahaba Coal Measures, Some Strength Properties 3 
Canerday, T. Don 323 
Cantrell, Clyde Hull 179 
Cantrell, J. W. 259 
Capacitors, Breakdown Conduction in 242 
Cardwell, Jerry D.  386 
Carmichael, Emmett B. 318,375,376,378 
Carnley, Mary 0.220 
Carnot Theorem  235 
Carrington, T. J. 231 
Carroll, Chester C. 380, 384 
Cason, C.236 
Ceramic Types in the Lock 3 Reservoir 266 
Chase, D. W.263 
Chastain, E. D„ Jr.247,249 
Chennareddy, Venkareddy 364, 386 
Chloroquine—DNA Interactions, A Model for 258 
Chopra. B. K. .333 
Chromium Ions, Energy Levels in Crystalline AhCL and MgO 359 
Chromosomes, Preparation from Salivary Glands 227 
Clark, C. H. 32 
Coal Beds on Northeast Sand Mountain 143 
Coal, Utley Bed in Western Warrior Field 203 
Cody, R. M.219 
Cofan Indians of Eastern Equador 388 
Colburn, Charles B. 337 
Coleman, R. J.380 
Coleman, W. H. 265 
Collaboration in Twentieth Century . 252 
Compost, Unorthodox Method for Organic Gardeners 318 
Compromise of 1850, Reaction of Huntsville Democrat 373 
Confederate Diplomat on Rio Grande 371 
Cook, E. T. . 246 
Cosmic Particles, Pulse Height Spectra ......... 350 
Cosmic Ray Emulsion Stars 243 
Cottier, John W. 387 
Cottontails, 3 Additional Erythrystic from North Alabama 177 
Coturnix, Fatty Livers and High Dietary Levels of Fat 324 
Couch, Richard W. 319 
Coulter, C. Alton 352 
Cox, Robert M., Jr. 3 
Cranial Remains, Moundville Archaeological Complex 265 
Cranshaw, J. W. . 245 
Cratin, P. D. 336 
Cryoscopic Behavior of Selected Solutes 229 
Crystal Pseudopotentials, Optimizing 345 



392 Journal of the Alabama Academy of Science 

Cunningham, Hugh B. 
Curl, E. A. 
Cycloaddition Polymerization 
Cyelodiazomethanes, Electronic Absorption Spectra 

320 
332,333 

334 
138 

Cyclopropane and Olefinic Hydrocarbons, Ionic Isomerization 
Dal ins, I. 
DaMommio, A. V. 
Davis, D. A. 
Davis, Donald E. 
Dawson, Lyndon E., Jr. 
Dean, Blanche E. 
Deer, Food Habits Observed by Telemetry . 
Deer, Movement Studied by Radio-Telemetry 
I )ccring. Phillip E. . 
Defect Center, Three-Body Model 
Deininger, Robert W. 
Dejarnette, D. L. 
Development Potential, Quantitative Indicators 
Dextran, Effect on Cholesterol Levels in Rabbit 
Diabase Dikes, Petrologic Variations Among 
Dicrodon guttulatum. Geographic Variation 
Diethylstilbesterol to Glutamate, Binding Energetics 
Digital Gamma Ray Desimetry System 
Dikes, Diabase in Lee and Chambers Counties 
Dipoles, Circular Array of Tangential 
Distorted Distribution Functions, Statistical Estimation of Resolutions 
Dixon, G. f. 
Dorko, Ernest 
Drosophila melanogaster, Maternal Effect In 
Dulmadge, E. A. 
Dusi, Julian L. 
Dusi, Rosemary T. ... 
Earth, Prehistoric as Ten CPS Resonator . 
Economic Development, Opportunities in Alabama 
Economic Education, Status in Alabama High Schools 
Economics, Current Influence of Alvin Hansen 
Education Level and School Dropout Rate in Tennessee Valley 
Egret, Cattle in Alabama . 
Ehrlich, J. J. 
Eikenberry, Jon A. 
Elastic Scattering, Nuclear Cluster Model Analysis 
Emulsions, Mathematical Stability Index 
Enovid, Effect on Ovarian and Adrenal Physiology 
Escherichia coJi, Copper Induced Death and Mutation 
Essenu anger, O. 
Euclidean Linear Vector, System of Reciprocal Basis 
Parish. Preston T. 
Farm Numbers, Markov Chain Process for Projecting 
Farm Operators in U. S., Age Composition 
Fenn, H. 

238 
,237 

. 273 
223, 328 

... 290 
215 
233 
327 

3 
352 

229, 341 
266 
249 
325 
341 
322 
379 
384 
229 

.... 382 
347 

221,329 
337 
330 
329 
320 
321 
381 
247 
365 
188 
367 
321 

71, 237 
.338 

243 
336 

.328 
218 
236 
361 
369 
364 
386 
251 



Index 

Fields, Stanley A. 
Fincher, C. F. 
Fiterre, Rafael 
Fitzgerald, T. C. .... 
Fitzpatrick, P. M. 
Fluids Flow, Effect of Earth’s Gravitational Field 
Fong, Michael 11. K. 
Ford Foundation Residency, Accomplishments and Rewards 
Formations, Mississippian in Alabama 
Fort Toulouse, Preliminary Investigation 
Foster, II. J. 
Foster, William D. 131, 
Fowl, Calcium Nutrition and Drinking Water 
Freeman, Jeremiah P. 
Free Radicals, Adsorption on Molecular Sieves 
Frog, Gastric Secretion Influenced by Some Ions 
Frog Skin, Permeability and Transport Properties 
Fugler, Charles . 322, 
Funderburk, H. H„ Jr. 317,332, 
Furman, W. L. 
Gangotena, S. . 
Garmon, Lucille B. 
Garner, R. N. 
Gas Flow Analysis with Universal Electron Beam Probe 
Gaston, John Brown 
Gates, Donald W.". 
Gates, John 
Geography, Past and Present at Alabama 
Geography, Physical or Cultural 
Gilbert, Fred E. 
Glover, R. S. 
Graf, E. R. 260,380,381, 
Graham, J. B. 
Graham, W. H. 
Gravity Investigations in Alabama 
Grignard Reagents with Cycloalkanones, Extent of Enolization 

and Reduction 
Grissom, John Thomas 
Gudauskas, Robert T. 222, 322, 
Hales, W. L. 
Halodiazirines, Synthesis of 
Hamster, Taste Activity and Internal Environment 
Hansen, Asael T. 
Hansen, J. P. 
Harper, Roland McMillan, In Memoriam 
Harrison, A. N. 
Hartman, Richard L. 
Hartwig, Chester W. 
Harwell, K. E. 
Havens, R. M. 

393 

114 
230 
361 
324 
245 
260 
347 
385 
343 
263 
239 
331 
324 
338 
337 

32 
257 
388 
333 
245 
243 
381 
228 
236 

375 
322 
380 
234 

18 
378 

50 
383 
236 
335 
342 

228 
347 
323 
237 
335 
225 
388 
262 
1 1 1 

O o o 

351 
90 

263 
2 IS 



394 Journal of the Alabama Academy of Science 

Hayes, P. J.242 
Hays, H. D. 18, 232 
Hays, Kirby L. 197 
Helical Array, Phase Scanning Possibilities 260 
Hendrix, W. R. .229 
H. Ep. #2 Cells, Analysis of Cell Cycle 221 
Herbicides, Lawn Weed Control 319 
Heron, Importance of Aircraft in Research 320 
Hickman, C. E. 382 
Hicks, R. D. 362 
Hilhurn, f. L. 382 
Hill, Edward P„ III 177 
Hodgkins, Earl |. 89 
Hollow Elastic Cylinders, Effect on Non-Homogeniety on Torsion 383 
Hoi m el I, Martial A.347 
Hooks, W. G.230 
1 look |ames N. .... 165,300 
Howes, J. R. 226,324 
Howgate, David W.  352 
Hudson, K. 227 
Hughes, T. H. 230 
Hutcheson, G. J. 71,236,237 
Index .390 
Insulin and Glucose Levels, Kinetic Model 259 
Intergral Discriminator .380 
Interplanetary Missions, Engineering 273 
Invertebrate Fauna of Alabama Caves 216 
IPS — Approach to Junior High Science .......... 368 
Jeter, Lewis K. .327 
Johnson, Charles A., Ill 325 
Johnson, Frederick A. 338 
Johnson, Kenneth E. 334 
Jones, Walter B. .113 
Karrh, J. B.  262 
Kawada, J.258 
Kaylor, E.228 
Kelley, V.225 
Keys, Charles E. 37 
Kirkland, J. II. 363 
Klansmen, Notes on Education and Occupation 386 
Koch, W. F.234 
Koehler, Dale R.347 
Kollmeyer, Kenneth R. .325 
Lacy, A. W. ..249 
Lakshmanan, N. K. 215 
Langdon, Charles W 42 
Lango, Ernst .382 
Langmuir Probe Measurements of Electron Density 237 
Laser, Construction and Performance . 71 
Lasers, Internal Modulation at Axial Mode Spacing 261 



Index 395 

Lasers, N2-C02 Current Research 
Latimer, Paul 238, 
Leafhopper, Potato Migration into Midwest 
Least Squares, Continuous 
Le Grande, John Clark 
Leptosphaerulina Spot on Alabama Peanuts 
Leptospira Metabolism 
Leukemia Cells, Cell Kill Kinetic Studies 
Light, Velocity Measurement for Undergraduate Physics 
Lithium, Inelastic Scattering of Low Energy Electrons 
Liu, C. K. 
Lunar, Craters and Pseudo-volcanism 
Lunar Materials Simulated, Effect of Vacuum On 
Lyle, James A. 217, 
Mann. R. A. 
Marehinton, R, Larry 233, 
Mason. J. Barry . 
Mass Operator Structure 
Mathematics, Cooperative Project in Conecuh County 
Matteucci and Hall Effect, Relationship 
McClellan, Hugh A. 
McDonald, Pcity F. 
McDuff, O. P. 
McElroy, D. B. 
McNeil, E. 
Mead, R. O. 
Mercer, Edward K. 
Merritt, James A. 
Metal Alloys, Nuclear Magnetic Resonance 
Metal Oxidation, Role of Thermionic Emisson and Space Charge 
Metal Oxidation, Studies with a Vacuum Microbalance 
Meterology, Forestry in Alabama 
Meyer, F. A. . 
Meyer, Harry C. 
Mg O, Cross Relaxation 
Mg O, Raman Relaxation in 

| Miller, B. R. 
Miller, T. G. 
Miller’s Ferry Reservoir, Weeden Island Occupation 
Mineral Industry in Alabama 
Minutes, Annual Business Meeting 
Mitehem, Richard A. 
Mitra, Shashanka S. 
Mobile Harbor Internal Improvement During Anti-Bellum Years 
Monopole-Dipole Radiating Element 
Moore, B, G. 
Moore, Thomas D. 51, 
Morphactins, Effect on Bean and Alligatorweed 
Moseley, Edward H. 
Mosley, Ronald B. 

237 
345 
320 
155 
376 
330 
219 
329 
235 
364 
383 
342 
114 
330 
364 
327 
290 
360 
245 
346 
217 
354 
261 
.252 
221 
240 
326 

.138 
362 
246 
363 
343 
224 
355 
241 
350 

50 
348 
387 
100 
268 
343 
358 

23 
380 
218 
365 
317 
371 
363 



396 Journal of the Alabama Academy of Science 

Moultrie, J. Y. 
Movvat, John G. 
Mukerji, Ambuj . 
Murphy, Edgar Gardner and Alabama Constitutional Convention, 1901 
Nematode Infections, Presence of Acute-Phase Protein in Host 
Nematode, Monoxenic Culture . 
Nematode, Selective Feeding on Killed Bacteria 
Nesbitt, Paul H. 
Nevins, |on L. 
Neutron Polarization Measurements 
Newell, P. H., Jr. 
Newton, W. P. 
Nickel Oxidation, Electron Microscope Studies 
Nicotine, Effects on Domestic Fowl 
N1" Levels in Simultaneous Reactions . 
Nuclear Instrumentation, Systems Approach to Development 
Nuclear Reactions, Isomeric Yield Ratios . 
Ore Forming Solutions, Chemical Limits 
Organometallic Metallic Polymers 
Ottis, K. 
Oxidation Kinetics, Structure Model 
Oxide Growth on Metals, Ellipsometer Studies 
Oyster Bottoms, Changes in Alabama Since 1894 
Paleoeurrent Directions, Red Mountain Formation 
Paleo-Indian Provenience, Lamellar Blades of 
Paramagnetic Crystals, Ultrasonic Resonance in 
Parasites, Helminths in Turtles in Lee County 
Paris Peace Conference of 1919 
Parker, Charles O. 
Particles, Light Extinction of .... 
Particles, Optical Extinctons of 
Parts Data Center, Guidance and Control Equipment 
Peanut Fruit, Kernel and Shell Mycoflora . 
Peck, James H. 
Peck, Stewart B. 
Perkins, Kenneth C. 
Perry, Ernest A. 
Petry, Robert C. 
Phonons in Spin-Lattice Relaxation 
Phytosociological Studies on Vihar-Lake Forest, India 
Pittman, Charles U. . 
Placenta, Guinea Pig Permeability to Tetanus Toxin 
Plaisance, A. . 
Plasma, Confinement and Heating Using Rarefied Shock Waves 
Polk, R. G. . 
Polymers, Polarization and Rectification in Organic 
Potassium, Magneto-acoustic Absoiption and Fermi Surface Studies 
Poverty Program, Impact on Food Demand . 
Precipitation, Relationship of Temperature on Ground Water Levels 
Presidential Election of 1840 in Alabama 

250 
360 
357 
251 
220 
219 
326 

.388 
155 
348 
260 
253 
361 

.226 
240 
347 
240 

. 230 
338 

225, 328 
.246 

363 
217 
230 
264 

355 
325 

.372 

.238 
238 
345 

... 382 
217 
216 
216 
369 

89 
338 
351 
215 

.338 
. ...378 

253 
235 
241 
346 
239 

50 
232 
254 



Index 397 

Pritchett, John F. 
Production-Inventory Control, Dynamic Programming-Probabilistic 
Pruitt. K. M. . 
Pyrophosphatase Activity in Preparation of Cell Nuclei 
Rangel, Edward J. 
Rare Earth Oxides, Model of Conductivity 
Ratliff, Charles R. 
Raymond, Walter B., III 
Receiver, Single-Amplifier, Single-Frequency for Phase Measurements 
Resources, Education for Wise Use 
Retail Sales Trends, Analysis of Birmingham 
Richardson, Jesse M. 
Riggsby, Dutehie S. 
Riggsby, Ernest D. 
Roberts, T. G. 71. 
Robinson, E. L.235, 240, 
Rodriquez-Kabana, R. 332, 
Rogers, David T., Jr. 
Rossman, W. IF. Jr. 
Rounsfell, George A. 
Roush, M. L. . 
Samford University, Physical Science Building 
Sand, Sze Relations Along Cullasaja River 
Sandy. John 
Sanford. B. L. 
Sanitary Science Students Performance at Troy State 
Satellite, Theoretical Determination of Gravity Effects 
Scadta, First Successful Airline in Western Hemisphere 
Scarsbrook, Ellen 
Schottky Emission in ALCL 
Science, Sample by Graduate Level Elementary Teachers 
Sclerotium rolfsii. Carbon and Ntrogen Nutrition 
Sclerotium rolfsii. Response to Paraquat and Trifluralin 
Searcy, Reuben and His Descendants 
Seiber, B. 
Seltzer, H. 
Serotonin, Effects of Nialamide and Nardil in Rats 
Shatas, Romas A. 
Shelton, J. . 
Shillnk and Anuak, Political Systems of 
Shotts, Reynold Q. .143,203, 
Shrub, New for Alabama 
Sidwell, R. W.. 
Simpson, Thomas A. 
Skinner, Robert W. 
Skorski, Roman 13, 
Slaughter, Carol 
Slaughter, Hayes 
Sloan, William T. 
Smith, C. E. 

328 
165 
259 
378 
359 
361 
220 
341 
383 
233 
290 

. 83 
370 
370 
237 
250 
333 
172 
239 
217 
240 
250 
341 
342 
237 
256 
245 

.253 
328 
131 
251 
333 
333 
37 6 
238 
259 
225 
358 
251 
265 
342 
215 
221 
100 
177 
346 

61 

61 
35(1 
383 



398 Journal of the Alabama Academy of Science 

Smith, D. F.229 
Smith. II. Morgan 388 
Smith, James Lynn 363 
Smith, Wesley G.367 
Smith, W. I. .254 
Sneed, J. A.329 
Soil Strength Estimated from Grain Size and Soil Binder 262 
Sonic Techniques for Stndv of Crystalline Models 239 
Space Exploration, Role of Chemist 228 
Spectral Vorticity Equation, Synoptic Analysis Errors on Prediction 244 
Speleogenesis, Unresolved Problems .231 
St. Bernard College, First 10 Years as a Four Year College 253 
Steel, Low Carbon, Refined by Annealing in Magnetic Field 13 
Stephenson, H. K. 262 
Stettler, John D. 355,359 
Stevens, Travis E.338 
Stewart, I). A.244 
Strosehein, Larry A.300 
Snbirats. Fernando J.  217,330 
Summers, M u rray R.  379 
Surfaces, Atomically Clean 238 
Szilassy, S. 372 
Tabanidae, Larval Habits from Alabama and Northwest Florida 197 
Talladega Group, Stratigraphic Relationships 231 
Tanton. George A.357, 358 
Taylor, R. E„ Jr.257,258 
Tetrafluorohydrazine, Radical Reactions 338 
Tetravalent U in CaF2 Crystals . 354 
Thaxton, G. I). 243 
Thermodynamics, Excess Binary Versus Fugacitv 61 
Thermodynamic Group Properties 336 
Thomas, William A. .343 
Thorington, John M. 384 
Thornton, T. 226 
Tidwell, Mac A. .197 
Track Measurements, Simultaneous Pulse Height and Spark Chamber 241 
Transition Metals and Hydrides, Hall Coefficient Measurements 363 
Unemployment and Vocational Education 42 
U. S. Bureau of Mines . 262 
U to F Center Conversion in Potassium Chloride 358 
Vaccinia Virus, Persistence on Fabric 221 
Vacuum Chamber, Ultrahigh, Design of 246 
Van de Graaff Facility . 241 
Van Roekel, Jacob H. 300 
Varnedoe, W. W.. Jr.231 
Veal. J. Ross .378 
Vehicles, Commercial Registration Without Undue Restraint 54 
Venable. Austin  373 
Virus, Maize Dwarf Mosaic in Alabama 322 
Viruses, Nuclear Polyhedrosis Characterization 323 



Index 399 

Viruses, of Cowpea in Alabama 
Vitamin E, Irradiation Destruction 
Wailes, Benjamin L. C. and His Books 
Walker, Henry . 
Walters, James V. 
Waterhyacinth, Control with Ametryne 
Watershed. Program in Alabama 
Watson, J. E.227, 
Weaver, H. T. 
Weber, Alma B. 
Welcome to Huntsville 
Wentowski, Gloria 
Westbrook, L. 
Wheeler, Glynn P. 
Widdowson, D. C. 
Wilkinson, E. L. . 
Wilkoff, L. J. 
Williams, B. B. 
Williams, |. .228, 
Williamson, Edward C. 
Wilson. E. M. 
Wilson, E. W„ Jr. 
Wilt, Gerald R. 
Windham, Sam T. 
Wittman, Horst R. 
Wolf, G. H„ II 
Woo, John 
Yacksan, Kamal S. 32, 
Yielding, K. Lemone .258, 378, 
Young, P. J. . 
Yucatan, Training in Behavioral Sciences 
Yuehi and Shawnee Indians in Alabama 
Zallen, Harold .331,347,380, 

222 
331 
.179 
.220 
385 
328 
311 
330 
246 

23 
250 
389 
221 
221 
256 
241 
329 
331 
357 
374 
255 
229 
219 
331 
346 
265 
364 
225 
379 
241 
.388 
389 
384 











s
ta

te
 

■—
 

-<
■/
-
*
 
,.

 



V 

THE JOURNAL 
\\ 

OF THE 

ALABAMA ACADEMY 

OF SCIENCE 

AFFILIATED WITH THE 
AMERICAN ASSOCIATION FOR THE 

ADVANCEMENT OF SCIENCE 

Office of the Editor 
Auburn University 
Auburn, Alabama 

VOLUME 39 JANUARY, 1968 NUMBER 1 

LIBRARY 

OF THE 

AMERICAN MUSEUM 

Of 
1 NATURAL HISTORY 





THE JOURNAL 

OF THE 

ALABAMA ACADEMY 
OF SCIENCE 

AFFILIATED WITH THE 
AMERICAN ASSOCIATION FOR THE 

ADVANCEMENT OF SCIENCE 

VOLUME 39 JANUARY, 1968 NUMBER 1 

EDITOR ARCHIVIST 
Robert T. Gudauskas Clyde H. Cantrell 

Auburn University Auburn University 

EDITORIAL BOARD 
Joseph C. Thomas, Chairman 

Florence State College 

Lowell Wilson Paul H. Nesbitt 
Auburn University Maxwell AFB 

Montgomery 

E. L. McGraw, Auburn University, Editorial Consultant 

The Journal of the Alabama Academy of Science is published four times 

a year and is sent without charge to all members of the Academy. 



Contents 

ARTICLES 

Cryogenic Stretch Forming Of Pressure Bottles 

Charles N. Irvine 3 

Mobile Harbor: Problems Of Internal Improvement 1865-1900 

Alma B. Weber 13 

“Visual Somatometry In Health Related Research 

I lelen I. Don tv .21 

Urbanization And Attitudes Toward Consumer Credit 

Robert S. Clover and Bill R. Miller 35 

The Decline In Trapping In Alabama 

Francis X. Lueth  42 

Computerized Management 

Wayne C. Curtis 48 

Collective Bargaining In Broiler Production 

Ralph Meadows 52 

On The Derivative Of The Cosine Function 

Julian D. Mancill 57 

The Mathematical Facts Of Life In The Aerospace Sciences 

C. C. Dearman, Jr. 61 

Polarization Of Conduction Electrons In Fe-Sn Compounds 

A. H. Werkheiser and J. O. Thomas 66 

Helminth Infections In The Jivaro, Cayapa, 

And Quechua Indians of Ecuador 

Frank V. Battle, Edward Izquierdo, and Carl F. Dixon 69 



Cryogenic Stretch Forming of Pressure Bottles 3 

Cryogenic Stretch Forming Of Pressure Bottles 

CHARLES N. IRVINE 

Marshall Space Flight Center 
Huntsville, Alabama 

INTRODUCTION 

The major problem area in fabricating high pressure vessels is to 

insure that the fabricating processes result in a material that has good 

repetitive engineering properties, viz., weldability, notch toughness, com¬ 

patibility with the fluid stored and surrounding environment, and repeat¬ 

ability. In addition, the vessel must be light weight for aerospace usage 

and competitive in cost. Reliabilitv of proven processes and material is 

foremost. Costs too are important, but seeondarv to proven reliability 

or safety to the customer — the astronauts. 

A light weight pressure vessel is not only a function of the basic- 

material strength but is also a function of fabrication efficiency. For ex¬ 

ample, cryogenic stretch forming 301 stainless steel at liquid nitrogen 

temperature involves metallurgically a partial transformation of austenite 

to martensite. Under controlled conditions, the net effect is a crvo- 

genically formed product possessing ultra-light strengths yet still having 

good ductility and toughness. The process has been patented and is 

generally known as “Arde forming”(l). Another function of fabricating 

efficiency is that Arde forming gains from 100? weld efficiency while 

materials such as titanium gains from a slightly higher strength to den¬ 

sity ratio. 

Structural tests vary from specification to specification. Generally, 

these consist of vibration, shock, cycle fatigue, sustained load capability 

and creep. Readily apparent is that one pressure vessel will not satisfy 

all the various requirements. However, when a proper design is inte¬ 

grated with the basic material properties, a light weight pressure bottle 

having the required performance characteristics is feasible with Arde 

forming and associated reliable processing techniques that go into the 

manufacture of the bottle. 

Temperature effects and compatibility are two environmental con¬ 

ditions that need to be considered in the design of the bottle. As ex¬ 

treme temperature conditions are approached, the chemistry ol the ma¬ 

terials is adjusted to provide the desired engineering properties (par¬ 

ticularly notch toughness as well as high strength) at the particular 

temperature. Arde formed materials have been evolved into essentialh 

two different grades: (1) Standard grade 301 ss for use from —273" F 
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to +800 F and (2) Low silicon grade 301 ss for use from —457" F 

(liquid helium) to about +-400° F (4). 

iMSFG’s activities in cryoforming development stem from an inter¬ 

est in improving the reliability and reducing the weight of helium pres¬ 

sure bottles. These containers are used throughout the Saturn V vehicle 

for tank pressurization. Helium pressure bottles are exposed to a va¬ 

riety of mediums including liquid oxygen and liquid hydrogen which 

limit the materials which can be used for construction. Presently, these 

bottles are fabricated from aluminum or titanium. 

The purpose here will be to describe the techniques used in the 

successful fabrication and evaluation of welded and integral head proto¬ 

type S-IC helium bottles from cryoformed 301 stainless steel. 

PROCESS DEVELOPMENT 

Orientation 

Early in 1965, as a result of a review of titanium vs. cryogenically 

stretch formed stainless steel for S-IC helium bottle application (2), 

the conclusion reached was that the state-of-the-art in titanium bottle 

fabrication had advanced beyond that of cryoforming relatively heavy 

gauges of 301 SS, and that the primary effort should be placed on 

titanium development. It was noted, however, that 301 SS was still very 

attractive for this tvpe of application since it offers a weight saving 

potential similar to titanium and is not liquid oxygen (LOX) sensitive. 

It should also be pointed out at that time the major area of risk for a 

cryoformed bottle was associated with failure during cryoforming. Bottle 

development work was required before embarking on bottle fabrica¬ 

tion for the bottle qualification test program. 

Accordingly, the “Arde form” cryogenic stretch forming process was 

developed for fabricating S-IC high pressure bottles. Two subscale 

pressure vessel designs were initiated and later fabricated. One de¬ 

sign used standard manufacturing processes for the production of a 

rolled and welded vessel made from plate stock. The other design pro¬ 

vided for an integral head, fabricated from seamless tubing (only one 

weld fitting closure required at each end of the bottle). The primary 

purpose of this effort was to determine the feasibility of using cryogenic 

stretch formed 301 SS and to provide the required process parameters. 

Feasibility of the developed techniques has been proven through a 

joint program (3) involving the Manufacturing Engineering Laboratory 

of NASA’s Marshall Space Flight Center and Arde-Portland Inc., Pa- 

ramus, New Jersev. 
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Design 

Design parameters were established to represent conditions in a full 

scale S-IC helium bottle. 

These were: 

Pressures 

Working 3300 psi 

Proof 4500 

Burst 6600 

Size Requirements for the Subscale Vessels 

Length to Diameter Ratio 3 to 5 

Ten inches minimum diameter 
Full Scale 

Thieknpcc RaHn 
Subscale 

Material 

Optimum mechanical properties for cryogenic prestraining are of 

utmost importance. Accordingly, the type 301 SS was specified as vac¬ 

uum induction melt from high purity raw material, followed by a con¬ 

sumable electrode remelt. This process provides increased notch tough¬ 

ness through the reduction of oxygen and hydrogen content and the 

minimization of flaw sizes. The material was metallurgically evaluated 

prior to commitment for fabrication. A standard grade Arde composition 

of 301 SS was selected. 

Weld Development 

A weld development program with flat 14 inch plate material was 

undertaken to establish the following parameters: heat settings, feed 

speeds, weld preparation, filler rod size, and weld bead control. Double 

pass and single pass welding was investigated. Single pass TIG, pres¬ 

surized gas backup, was selected over conventional double pass tech¬ 

nique because of less chance of lack of fusion between passes and re¬ 

duced carbide growth. Problems resolved were under cutting, sagging, 

and drop-through. 

Metallurgical investigation was performed on tensile specimens 

from the heat of material used for the welded fabrication. Tensile speci¬ 

mens consisted of parent and weldments of 301 SS composition in ten 

sile test bar form. Eighty-seven specimens were cryogenicalh prestress¬ 

ed in liquid nitrogen at 235,000 psi. After prestressing, the specimens 

were divided into smaller groups for testing at room temperature anil 

—320° F. Half of the specimens were used for plain strain fracture tough- 
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ness (K^). The effect of material rolling direction was also observed.. 

A brief summary of results follows: 

a. Room Temperature Results 

Parent Material 

220.2 KS1 ave. yield 

12.2% ave. El. — Parallel Specimens 

11.5% ave. El. — Transverse Specimens 

102.6 KSI \/IN Average K (Center Notch) 

106.8 KSI \/IN Average K (single edge notch) 

Weld Bead 

218.6 KSI Average Yield 

103.6 KSI yiN Average K^ (Center Notch) 

b. —320 Results 

Parent Material 

302.3 KSI Average Yield 

10.6% Av. El. — Parallel Specimens 

10.0% Av. El. — Transverse Specimens 

83.9 KSI yiN" Average K 

Weld Bead 

298.8 KSI Avjfield 

86.7 KSI yiN Average K 

Eight tensile specimens were cryogenically prestressed to 232,000 

psi and then loaded in a bent beam specimen holder at 184,000 psi at 

room temperature. The specimens were placed in a .75 normal salt 

solution for five months, with the following results: 

No indications of stress corrosion. 

One specimen pulled to room temperature failure at 228 KSI. 

One specimen pulled to —320 F failure at 300 KSI. 

MANUFACTURE OF SUBSCALE VESSELS 

Welded Vessel 

Four welded vessels were fabricated using standard rolling, hydro- 

forming, and machining techniques controlled through Arde process 

specifications. The vessels incorporated three girth welds, two diame¬ 

trically opposed longitudinal welds and two boss to head welds to simu¬ 

late full scale vessel welding. 
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The hydroforming process is a relatively inexpensive and reliable 

means of converting sheet or plate stock to simple curved surfaces. This 

process was used for forming the hemisphere bottle ends. For this pur¬ 

pose, 0.216 inch thick plate stock was sheared to blank size and placed 

over a male mandrel. Forming was accomplished by applying a hy¬ 

draulic force behind a thick rubber pad, thus forcing the material over 

the male die. Close dimensional control was achieved. 

After hydroforming, the formed hemispheres were machined on the 

outside surface to 0.145 inch thickness nominal. Holes were machined 

to receive the bosses. 

Short cylindrical sections for the vessel body were rolled to shape 

and size. The sections were then longitudinally butt welded with 308 

weld wire. 

ASSEMBLY OF WELDED BOTTLE 

Figure 1 
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The next operation was to trim the lengths of the cylinders to 

prepare them for girth welding. One end of each cylinder was machined 

to reduce the thickness from 0.216 inch to 0.145 inch to match the head 

thickness (Figure 1). The opposite end was trimmed flush. After weld¬ 

ing, the parts were dye checked, radiographically inspected and cleaned. 

Bosses were welded into the heads and these in turn welded to 

the cylinder assembly. All parts, after being welded, were dye checked. 

X-ray inspected, cleaned, annealed and cold pickled in accordance with 

appropriate Arde control specifications. 

It is to be noticed at this point the vessels have been completely 

welded but not yet cryogenically stretch formed. For this operation, a 
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cylindrical stretch die calculated to give about 10% stretch is used to 

confine the cylindrical portion of the vessel and control the diameter. 

A “free-form” stretch, wherein no die is employed, can result in a barrel¬ 

shaped vessel. 

The forming tank in the pit is filled with liquid nitrogen to a level 

covering the die (Figure 2). When the die has cooled, the vessel 

to be formed is next inserted into the die and the vessel cooled by 

flowing liquid nitrogen through it as well as being surrounded by 

liquid nitrogen. (As is known, liquid nitrogen has a blast effect when 

a warm object is dropped into it. Accordingly, blast protection was 

placed over the pit as a precaution). When cool down was achieved, the 

vent valve was closed and the pressure brought to 10,000 psi. (This 
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HOT SPINNING PROCESS SCHEMATIC 

Figure 4 

pressure readily formed the entire vessel). The vent valve was opened 

after forming and the system bled down to atmospheric pressure. Each 

formed vessel was easily removed from the die because of “springback” 

when the pressure is relieved. Dimensional checks before and after 

stretching were taken. The variations amounted to about 0.1 inch di¬ 

ameter. 

Integral Vessel 

In the integral head vessel fabrication, billets were converted to 

forgings. The forgings were inspected and machined on the O.D. and 

I.D. to fit the mandrel of a shear forming machine used to floturn the 

seamless cylinders. This process utilizes three cam-positioned pressure 

rolls to work the forging against a hardened and ground mandrel. As 

the forging diameter is cold reduced, the metal is forced out along the 

rotating mandrel by the rolls in the traversing carriage (Figure 3). In 

the course of this development, the first unit failed in process at 50% 

Cold reduction after five successive floturning passes without annealing. 

Therefore, interpass annealing was instituted on the remaining parts 

after each third pass. In order to achieve the desired wall thickness, 

three interpass anneals were used on each cylinder. 

Hot spinning of the integral heads on the seamless cylinders was 

accomplished with both one and two pass operations at a single tern- 
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perature (Figure 4). Four cylinders were completed with 46% to 56% 

usable closures. Tracer machining was required to remove both the in¬ 

side and outside of the spun heads surface cracks. Through-cracks at 

the edge of the boss opening were machined by machining larger 

boss openings. After welding the bosses in place, the parts were an¬ 

nealed, cleaned and ervogenicallv stretch formed. 

Summary 

Table 1 depicts a summary of the key parameters for the integral 

as well as rolled and welded bottles. 

TABLE I - VESSEL SUMMARY 

ROLLED AND WELDED VESSEL • D3433 

S N 
FORMING 

PRESSURE 
FORMING 

STRESS 
WEIGHT VOLUME DISPOSITION 

1 10,000 PSIG 254.1 KSI NOM. 92.4 LBS CRYOGENIC BURST TESTED TO 10,850 PSI 

337 0 KSI NOMINAL HOOP STRESS 

307.4 KSI TRUE 345.9 KSI TRUE HOOP STRESS 

2 4,000 PSIG 1015 KSI NOM. BAD WELD HOLD IN STORES 

3 10,000 PSIG 263.9 KSI NOM. 92.1 LBS 2.24 CU FT. SHIPPED TO MSFC 

306.6 KSI TRUE 3868 CU.IN. 

4 10,000 PSIG 263.6 KSI NOM. 91.7 LBS 2.27 CU. FT. SHIPPED TO MSFC 

306.7 KSI TRUE 3931 CU IN 

INTEGRAL HEAD VESSEL - D3435 

S N FORMING 
PRESSURE 

FORMING 
STRESS 41 

WEIGHT VOLUME DISPOSITION 

US-2 9.300 PSIG 272.6 KSI NOM. 112 LBS 3.28 CU. FT SHIPPED TO MSFC 

316.1 KSI TRUE 5667 CU IN. 

US-5 9 350 PSIG 252.3 KSI NOM. 108 LBS 3.1 CU. FT SHIPPED TO MSFC 

306.9 KSI TRUE 5366 CU IN 

CF 10 10.175 PSIG 272.3 KSI NOM. CRYOGENIC BURST TESTED TO 10.300 PSIG 

332.1 KSI TRUE 316.3 KSI NOMINAL HOOP STRESS 

375.9 KSI TRUE HOOP STRESS 

PRESSURE X ORIGINAL RADIUS 
NOMINAL HOOP STRESS =- 

ORIGINAL THICKNESS 

TRUE HOOP STRESS 
PRESSURE X FINAL RADIUS 

FINAL THICKNESS 

FORMING STRESSES CALCULATED USING A REDUCED WALL THICKNESS. REPAIR GRINDING BY PARSONS 
CORP ON TUBE I D 'S RESULTED IN LOCALLY REDUCED WALl THICKNESSES BY .015 ON JS 5 AND CF iO 
AND BY .033 ON US-2. USING THE WALL THICKNESS WITHOUT CONSIDERATION OF REDUCED SECTIONS, 
REDUCES THE FORMING STRESS BY APPROXIMATELY 20 KSI ON US-5 AND CF 10, AND 40 KSi ON US-2 

CONCLUSIONS AND RECOMMENDATIONS 

The feasibility of fabrication of high pressure gas storage bottles for 

cryogenic service, by either of two approaches, was demonstrated in 

this program. Vessels were produced with 100% efficient welds, using 

standard Arde form techniques, in one set of vessels. Through the de¬ 

velopment program, a second set of vessels was produced to esseotialh 

the same design. These vessels were seamless and had integral heads. 

1 he cryogenic burst level was within predictions for both designs. 

The materials evaluation program gave clear indication to the value 

of double vacuum melt heats in terms of cleanliness and minimum Haw 
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size. All objectives of the weld development program were met, as in¬ 

dicated by the results of both the vessel testing and mechanical testing 

program. It was shown that the full strength ground welds were pro¬ 

duced with notch toughness and yield strength values comparable to 

those of the parent material. 

Problem areas encountered in the current program were with inte¬ 

gral vessel fabrication, and can largely be segregated into two groups: 

those associated with floturning, and those associated with hot spinning. 

Floturning: (1) Inside diameter dimensional control, in the form of 

growth away from the mandrel, particularly in the 

center section. This growth resulted in non-uniform 

tubes, that did not achieve the design I.D. dimension. 

(2) Cracking of parts during processing. Three out of 10 

tubes were lost in process due to cracking. Inter-pass 

annealing substantially reduced cracking. 

Hot Spinning: (1) Non-uniform head shapes and wall thicknesses from 

part to part. 

(2) Non-uniform shape and wall thickness within a sin¬ 

gle part. 

(3) Excessive inside and outside surface cracking. 

(4) Distortion of basic tube. 

Although some minor problems are still evident in the floturning 

process as applied to Arde form materials, limited effort would un¬ 

doubtedly alleviate most of these problems. Additional effort would 

certainly optimize the fabrication techniques. 

Spherical vessels, seamless save for boss attachment, show potential 

with the processing developed in this program. It would also be ad¬ 

vantageous to consider cold work with interpass annealing as an alter¬ 

nate to hot spinning for this application, in order to reduce the amount 

and extent of machining operations. 
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Mobile Harbor: Problems Of Internal 
Improvement 1865-19001 

ALMA B. WEBER 

Department of Economics 

University of Alabama, University 

During the years before the Civil War, Mobile, Alabama’s seaport 

town, had prospered principally as a cotton port as the state’s planta¬ 

tion owners shipped thousands of bales of the valuable cargo to New 

England and to European industrial cities. Mobile became important 

as a major center of cotton factors, and it was through this rising port 

city that plantations received their manufactured goods. 

The harbor itself, however, had been in continuous need of im¬ 

provements, for the ship channel from the outer harbor up to the citv 

wharves, and especially two troublesome bars, had demanded repeated 

dredging. Altogether, since its original grant in 1826, the Federal Gov¬ 

ernment had appropriated for improvements at Mobile harbor $228,830 

and had obtained a channel ten feet deep (16). Additional funds had 

also been granted for improvements of Alabama’s rivers, although in 

the period prior to the war money had been spent largely to improve 

those rivers tributary to the Mississippi system. 

During the war years, however, failure to dredge at Dog River Bar 

and at Choctaw Pass had caused shoaling to take place to the extent 

that by 1870, the year of the first postwar Federal grant, the channel 

that had previously attained a depth of ten feet all the way up Mobile 

Bay to the city of Mobile had then a depth of only five and one half 

feet through Choctaw Pass and eight feet through Dog River Bar (12). 

Furthermore, the Battle of Mobile Bay had left the harbor filled with 

wreckage of all kinds. 

In the period between the end of the Civil War and the readmis¬ 

sion of Alabama into the Union, economic interests in Mobile, in their 

efforts to revive trade so essential to the prosperity of the seaport town, 

had importuned the State legislature for support. In 1867, the legislature 

had passed two acts to make it possible for Mobile citv and county to 

remove from the harbor war debris and to remove the sand bars (lull 

shoaling during the years of neglect had caused to re-form. One of these 

acts authorized the city of Mobile to issue bonds for the amount of one 

1 The author acknowledges with appreciation the financial assistance ('I the 

University Research Committee, University of Alabama, which made this 

report possible. 
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million dollars “to be applied to the improvements of, the cleaning out 

of, and the deepening of the river, harbor, and bay of Mobile.” The act, 

in order to be valid, had to be approved by a vote of the taxpayers of 

Mobile. 

Three days earlier, another act had provided that the president of 

the county board of commissioners, the mayor, the president of the 

Bank of Mobile, the president of the Chamber of Commerce, and one 

citizen of Mobile to be appointed by the Governor were thereby 

constituted a board for the improvement of the river, harbor, and bav 

of Mobile. The mantle of responsibility was thereafter to fall on the 

shoulders of the successors in office of the original members of the 

board. This act also required the county board of commissioners to 

support the project by issuing bonds in the amount of one million dol¬ 

lars and gave the board some discretion as to how the bonds were 

to be paid. (1) 

The Harbor Board, in carrying out the provisions of these acts, was 

in favor of the “scouring method” which had been recommended in 

the 1850’s by the noted hydraulic engineer, Albert Stein. In fact, during 

the 1850’s a number of Mobile merchants had spent around $25,000 of 

their own money to support the project recommended by Stein (14). 

This method had called for closing the pass between Blakeley and 

Pinto Islands, placing jetties at the south end of Pinto, Frascati, and 

at Arlington, and in this way forcing the river to carve its own channel 

deeper. General Braxton Bragg was the engineer in charge of the State’s 

operations (18). 

In the meantime, the National Congress had resumed its interest 

in internal improvements, and although Mobile had been omitted from 

the first postwar appropriations for improvements of rivers and harbors, 

in the 1870-71 session Congress did appropriate a sum of $100,000 for 

Mobile harbor (53). The Mobile Register attributed this grant to the 

efforts of W. F. Kellog (27), a moderate Republican, who had been 

admitted to Congress after the Democrat, C. C. Langdon, had been 

denied his seat. Kellog was succeeded by E. A. Buck (6), a Radical 

Republican (5,7), who managed to get an appropriation of $175,000 for 

Mobile harbor (28). 

As soon as the Federal government had resumed its support of 

harbor improvements at Mobile, the controversy between the advocates 

of the two methods was revived. Albert Stein had continued his defense 

of the scouring method in De Bow’s Review (9), and probablv as 

“Bahia” in the columns of the Mobile Register. Captain John Grant, an 

engineer for the United States government, replied to the letters of 

“Bahia” (13). 
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In July, 1871, the Board of Harbor Commissioners invited “a party 

of gentlemen " to make an excursion down the bay to review the work 

which had been accomplished and which was in progress under the 

direction of General Bragg, the engineer of the Board. The trip on the 

steamer Annie was made a gala occasion, but business was not neglected. 

The Board was determined to prove to commercial and economic inter¬ 

ests of their city the superiority of General Bragg’s method and pointed 

out the “encroachments which have been so injudiciously and disastrously 

made upon the channel of the river, and which are gradually forcing the 

water from its proper bed into lateral outlets” (18). 

The excursion continued to the outer harbor where the partv could 

observe the work of cleaning out the debris of sunken war vessels, piles, 

and other materials. Details of future plans were explained by both Mr. 

Stein, the engineer who had originally recommended the scouring plan, 

and Captain Grant, the United States Engineer who had been appointed 

to carry out the projects for which Congress had made its appropriations. 

The day of festivitv was ended with a champagne party at the Gulf Hotel, 

but discussion of the relative merits of the two plans was to continue in 

Mobile for some time. In the beginning, the Register seemed to favor the 

scouring method. 

In January 1872, a board of Government engineers met in Mobile to 

prepare a plan for the improvement of the harbor at Mobile under the 

terms of the bills that had been passed by the National Congress. At the 

same time this board was to examine the project being carried out under 

the authority of the State of Alabama, and was to trv to work out with 

the State authorities whatever modifications seemed practical and neces¬ 

sary (45). The State authorities, actually the Harbor Board, were still 

under the influence of Albert Stein, and they insisted that the scouring 

method was the only process that could be permanently effective (46). 

Nevertheless, the United States board of engineers recommended the 

dredging method, insisting that “any scouring process that moves material 

from the banks or bottom of a river near its mouth only transfers it into 

the bay or sea beyond.” It seemed, indeed, that the ultimate effect would 

inevitably be to move the Choctaw Bar further south, so that the channel 

in the lower bay itself would be seriously affected (47). 

A decision was finally made, once major difficulties over Choctaw 

Pass had been resolved, a depth of sixteen feet had been attained, and 

major military obstructions removed, that the next objective should be 

the removal of Dog Biver Bar (19). An agreement was reached wherein 

the United States engineers and the State engineers should both begin 

work at the highest point or hump of the bar. General Bragg, working 

for the State, should work in a southerly direction while General Simpson, 
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the United States officer, would work northward. Both groups would cut 

down the bar by two feet (21). 

According to the local press, General Bragg had soon achieved his 

goal, but the United States engineer had encountered difficulties, attribu¬ 

table to governmental “red tape” (21). It later developed that the Re¬ 

publican Senator, George Spencer, “the arch radical,” had been attempting 

to trade in harbor jobs in order to gain additional support for Grant in the 

forthcoming elections. To the satisfaction of the Mobile press, however, 

the bid of Captain John Grant was soon accepted (20, 33), and hope was 

expressed that a permanent depth of thirteen feet would soon be achieved 

from the lower bay to the city wharves (20). 

In 1873 the Alabama legislature repealed the Act of February 19, 

1867, which had created the Harbor Board (2), and memorials from 

Mobile and the State legislature were soon pouring into Washington 

urging that Congress reimburse Mobile County for the $200,000 that 

had actually been spent on harbor improvements under the terms of 

the act (43). It was pointed out that this was clearly a matter of national 

interest. Evidently these appeals went unheeded, for in 1882 the county 

was still sending petitions for reimbursement to Congress (43,49). Ad¬ 

ditional memorials were also sent urging appropriations for the purpose 

of increasing the width of the channel (33). 

An Act of Congress for the improvement of Mobile Harbor was 

approved on March 3, 1873, (35) and the contract for work was award¬ 

ed again to Captain John Grant. By October Dog River Bar had been 

removed (23), but larger vessels were still forced to lie at the lower 

anchorage because of two obstructions at Choctaw pass. Lighter vessels 

usually reached the city wharves only after ascending Spanish River 

and approached the wharves from the north (23). 

It was rivalry with New Orleans as the major southern seaport 

that forced commercial interests in Mobile to push harder for better 

harbor facilities. As rail connections between Alabama’s newly develop¬ 

ing coal and iron regions and New Orleans were completed, it became 

increasingly important for Alabama’s inland waterways to receive sup¬ 

port from Congress. Furthermore, cotton from Alabama was being 

shipped direct to the Northeast by rail or to Savannah for shipment to 

European textile mills (41). During the 1870’s and 1880’s such organi¬ 

zations as the Board of Trade (after 1884 this became the Chamber of 

Commerce) and River and Harbor associations, as well as the State 

legislature, were active in holding conventions, sending memorials to 

Congress, and, indeed, visiting Washington in behalf of securing in¬ 

creased appropriations for the improvement of rivers as well as for the 

harbor at Mobile. During this period appropriations were generally 
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made for rivers and harbor at the same sessions of Congress (15), and 

work proceeded on the Tallapoosa, Coosa, Tombigbee, Warrior, and 

Alabama rivers (16, 17). 

Some of Mobile’s leaders began to despair of the possibility that 

larger vessels would ever be able to reach the wharves of Mobile. As 

early as 1873 they turned their attention to another possibility — that 

of constructing a railroad leading from Mobile to Dauphin Island. This 

proposal was never carried out, although the building of the railroad 

was actually begun (4, 44). 

Late in 1873 a Congressional Transportation Committee reached 

Mobile after an extensive tour of western and other southern ports. The 

local Board of Trade had made extensive efforts to prepare for the 

brief five hours allotted them, and at the conclusion of the interviews 

they trusted that they had presented their case forcefully enough to lead 

to increased appropriations (25). 

Frederick G. Bromberg, who had been elected to Congress as a 

Liberal Republican with Democratic support, had been appointed al¬ 

most immediately to the important committee on commerce (54). He 

had also, with Peter Hamilton, represented Mobile at the national meet¬ 

ing of the Board of Trade at Chicago in October of the same year (24). 

Bromberg was to push actively for Congressional support of Alabama’s 

river and harbor facilities during his brief stay in the nation’s capital, 

but, unfortunately for Mobile, he was defeated after onlv one term 

by Jefemiah W. Haralson, a Radical Republican who, it was said, was 

“either too vindictive or too stupid to obtain anything” (27, 28). 

Still in charge of harbor improvements at Mobile in 1875, Major 

Damrell at that time recommended using any money appropriated for 

the purpose of increasing the width of the thirteen foot channel from 

two hundred to three hundred feet. This, he believed, would obviate 

the necessity for the long trip through Spanish River (36). In his annual 

report two years later Damrell stated that the thirteen foot channel now 

had a width of three hundred feet at Choctaw Pass and two hundred 

feet at Dog River Bar (3). Attention was turned next to the need for 

increasing the depth of the channel, and petitions to Congress asked 

for appropriations sufficient to provide a twenty-one foot channel from 

the city wharves to the outer bar, or lower anchorage, as it was called. 

This was in accordance with Damrell’s recommendations (51). Other 

petitions urged Congress to provide funds for a breakwater (34). 

On June 18, 1879, a Rivers and Harbors Act granted special funds 

for the purpose of making tests, surveys, and borings to determine whe¬ 

ther the ship channel then leading from the lower anchorage to the 

city wharves could be deepened sufficiently to admit vessels drawing 
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as much as twenty-two feet of water. While the desirability of increasing 

the depth of the channel was obvious, there was still considerable doubt 

on the part of many, including Major Damrell, as to whether, owing to 

the nature of the bottom, the proposed increase in depth could be main¬ 

tained without continuous dredging (37). Correspondence also empha¬ 

sized the need for removal of obstructions from the channel (50). 

Tests and surveys were conducted in compliance with the Act of 

June, 1879, but the matter was evidently left unsettled. In March 1880, 

however, a project for a seventeen foot channel was adopted, and be¬ 

tween 1880 and 1886 this was completed (12,40). Nevertheless, as late 

as March 1884 the Board of Engineers in Washington refused to permit 

the use of any funds for a greater depth than seventeen feet, since 

appropriations had been specifically made for “continuing the work at 

Mol hie under existing contracts” (39). 

Business and civic leaders in Alabama remained alert to the im¬ 

portance of harbor improvements to the prosperity of the city and 

state and were prompt to notice that other Southern ports frequently 

received considerably larger grants than did Mobile (29). In 1885 a 

memorial addressed to Congress from the River and Harbor Conven¬ 

tion assembled in Tuscaloosa emphasized the great need for increased 

appropriations, not only for the harbor at Mobile, but also for the water¬ 

ways of the State (17). Such petitions usually reviewed in some detail 

the history of past achievements, as well as the constitutional right of 

Congress to make such grants. In 1885 particular emphasis was given 

to the need for easy access to the mineral deposits, coal, and timber 

of the interior of the state (17). 

In 1889 the city council voted to contribute $250 from the city 

treasury for the purpose of sending representatives from the local 

Chamber of Commerce and the Cotton Exchange to Washington to 

exert some pressure on Congress for increased appropriations (8). 

Thomas G. Bush was the spokesman for the delegation in the nation’s 

capital. The following year Mobilians were successful in securing the 

appointment of Richard II. Clarke, congressman from their district, to 

the Committee on Rivers and Harbors (32). 

In November 1889 Major Damrell was notified that work could 

be started from the lower anchorage up to the northern limits of the 

city with a view to securing a twenty-three foot depth of water (38). 

Additional sums were to be appropriated for this same project, and the 

twenty-three foot river channel was finally secured in 1890. Appropri¬ 

ations were continued during the last decade of the century to provide 

for a thirty-two foot channel. This goal was reached in 1910 (10, 16). 
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“Visual Somatometry” in Health Related Research 

HELEN I. DOUTY 

School of Home Economics 

Auburn University, Auburn, Alabama 

In view of the fact that a number of disciplines have, through the 

years, been concerned with the nature of the human body — its size, 

contours, and functioning — and with categorizing characteristics, it 

seems paradoxical that simple, exact methods of identifying and classi¬ 

fying norms and variations of external body characteristics have not 

been developed. 

For a time psychiatrists invested considerable effort in attempting 

to relate somatotypes to personality variables (5,8,12). Classifications 

were evolved and methods utilizing multiple detailed measurements and 

indices were developed. Rut none was adopted for general use and 

interest has abated so that in recent years research in this area has 

been limited. 

In the past there has been implicit assumption of relationships be¬ 

tween body characteristics and functioning and in the 1960’s some 

relationships have been observed (6,7). The general public has been 

made aware of an unmistakable relationship between body weight and 

fitness and various conditions of heart abnormalities. With an increas¬ 

ing emphasis on preventive medicine, it is likely that an interest in 

this relationship of body to function will be augmented and the need 

for efficient, simple methods of body typing will increase. 

In spite of general assumptions that erect, balanced posture indi¬ 

cates and promotes healthful conditions of body and mind, there has 

been little research designed to identify and measure optimum postural 

patterns and variant conditions with the exception of that carried on 

bv a few departments of physical education during the 1930’s. There 

has been little published material relating posture to health. However, 

this growing focus on preventive medicine may also stimulate a renew ed 

interest in the relationship of patterns of disposition of body segments 

to physiological functioning of the human organism. The possibility of 

no relationship is remote. The lack of evidence may simply mean a 

lack of organized and precise observation. 

The writer entered the area of inquiry into somatic characteristics 

because of the demands of knowledge in the field of clothing education. 

Clothing educators and designers have been particularly concerned with 

body sizes, various aspects of body configuration, and with static and 

kinetic posture for they must have a depth of understanding ol the re- 
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quirements placed on the garments which are used to cover and protect 

the body. They must design and build structures of fabric that meet 

demanding specifications: the garments must fit smoothly over specific 

human structures in a static condition while being sufficiently flexible 

so that there may be a minimum of interference with motion and ac¬ 

tivity. 11ms, they must provide for unspecified and extensive strain in 

action so that they may be durable in use and care. 

This, then, is one aspect of the needs and concerns of clothing 

educators in relation to body structure but by no means the only one. 

Clothes do more than cover the body — they have intimate, personal im¬ 

plications. Schilder (10) states that clothing becomes part of the body 

scheme for the “body-image is one of the basic experiences of life” and 

“whatever comes in contact with the body surface is more or less in- 

corporated into it.” Thus, added requirements for adequate teaching and 

research in clothing are knowledge of the dynamics of self perception 

and the part this perception and the perception of others play in social 

interaction. Integral parts of such knowledge are (1) the way in which 

the body-image may contribute to such perceptions and (2) aware¬ 

ness of the strong emotional reactions that may be associated with 

the body-image and may be displaced from the body to the clothes 

which cover it. To test the accuracy of an individual’s perception of 

his body, a simple reliable method of identifying body characteristics 

and types is essential. 

Researchers concerned with human morphological characteristics 

and with somatometry have been hampered by a lack of standardized 

methods of measurement and classification of the phenotypes with 

which they work. Because of this limitation, much of the work has had 

to depend on clinical observations alone, unsubstantiated by external 

objective criteria. It was their need for (1) more precise understanding 

of the nature of the configuration of the body as an object in space, 

(2) methods of recording and comparing data on characteristics, and 

(3) precise ways of communicating about them that led to early ex¬ 

perimentation in classroom situations and later to the research reported 

in this article. It is anticipated that the results may have wide applica¬ 

tion across disciplines. 

BACKGROUND OF CLASSROOM STUDY AND RESEARCH 

With the aim of developing new teaching aids, the experimentation 

began with study and exploration with known published ways of mea¬ 

suring and classifying human figures. This methodological study was 

limited to the figures of women contacted in clothing classes where 
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analysis could be followed by the process of fitting garments to the 

figures which provided a check on validity. If a method were efficient, 

it should make the fitting of garments more logical and effective and 

make students more aware of their characteristics and the characteristics 

of the general group. Classroom presentation and laboratory work were 

supplemented by conferences with individual students, including verifi¬ 

cation of their analytical observations. 

No methods which could be used reliably by amateurs, or could 

have a noticable influence on attitudes and behavior, were located. 

This early study did, however, reveal the tendency for some students 

to have a vague and hazy body-image and emphasized the fact that 

many are quite inaccurate in their perceptions of their own unique 

characteristics. It was observed that the body-image is remarkably stable 

and thus it was most difficult to modify these images by verbal explana¬ 

tions or other devices that were currently available. Out of this early 

classroom and clinical exploration there grew the conviction that some 

other means or method would have to be devised to provide a more 

valid and objective analytic instrument. 

Photography seemed to offer more promise than other approaches. 

Experimenting with the application of a variety of photographic tech¬ 

niques in this continuous study, it gradually became evident that for 

success the method would have to abstract and simplify. This was neces¬ 

sary so that a multiplicity of stimuli and the associated response to them 

could be controlled and thus defense reactions (that might trigger re¬ 

jection of actual evidence into awareness of students) could be avoided. 

In research, such multiple stimuli would act as intervening variables 

and thus complicate the problem of observing human behavior. In 

order to facilitate abstraction and depersonalization of graphic data, 

silhouette photographs, rather than direct photographs, have been 

adopted (1). 

This past exploratory groundwork clarified essential specifications 

for an improved method of identifying and recording somatic charac¬ 

teristics. This approach has been tested as an instructional aid in an 

educational situation for a number of years with improvements and 

refinements added as indicated. 

A research project carried out in (he School of Home Economics 

at Auburn University for the past three years, with the aid ol an Auburn 

University faculty Research Grant-in-Aid for one year, has made pos¬ 

sible the further development of the method for research purpose's. This 

improved method has been tested with student-subjects in classes and 

found superior in providing impersonal data that can be' accepted into 

awareness and objectively considered by individual subjects. In addition. 
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tentative instruments have been developed which make it possible to 

quantify details of anlysis. The method provides graphic records of 

each subject so that analysis can he confirmed by others, thus removing 

the research from some of the restrictions of the clinical method. 

1 2 3 4 
Figure 1 — Sketch of Photographic Set-Up 

THE METHOD 

This method is predicated on the premise that for adequate classi¬ 

fication and typing, the body must be viewed as a Gestalt with total, 

or global, impressions dependent on interrelations and interactions of 

the component parts to each other and to the whole. It is analytical in 

that observations can be reduced to the constituent segmental elements 

which comprise the whole. Potential wide application of this method 

is based on the assumption that detailed knowledge of anatomy and 

physiology is not essential for recognition of norms and minor irregu¬ 

larities or for identification of significant variances of body and posture 

characteristics. Teachers and other non-specialists, with proper refer- 
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ence materials, could gather data that would collectively provide for 

new overviews and understandings. Referrals for treatment could be 

made on the basis of problems identified in the photographs. With 

photographs as records, such analyses could be verified by specialists. 

The method has been termed “visual somatometry” because details 

of bodv characteristics which are provided can be quickly and easily 

perceived through the sense of sight when presented in graph form 

and. thus, are measured to a degree. A sketch can quickly present the 

essentials of this method, which is a modification of silhouette photog- 

raphv based upon the picture of a shadow (Figure 1). It includes: (1) 

a light source; (2) a subject; (3) a translucent grid-screen; and (4) a 

camera. A 35 mm. camera has been used to date. The subjects have 

been photographed in a minimum of clothing so that details of size and 

contour may not be obliterated or distorted. Obviously, there are prob¬ 

lems that require critical decisions. These include: critical distances in 

order to keep distortion to a minimum, positioning of subjects so that 

no misleading spurious effects may be created in the pictures, and bal¬ 

ance of light through the screen and on the front of the screen. 

The resulting photograph, with data for one subject appearing in 

Figure 2, has been termed a “somato-graph” because body characteris¬ 

tics are clearly observable, are measured, and can be used for catego¬ 

rizing figures into types. This is the most essential aspect of the method. 

As can be observed, this simplified picture to a great extent removes 

the probability of personal identification and thus prevents many of 

the psychic defense reactions which are so easily triggered by a direct 

photograph. Until the present, the graph-screen has been divided into 

six-inch units; however, other divisions of space are now being used 

experimentally. For certain uses, these photoscopic estimates can be 

supplemented with key measurements. However, the multiplicity of 

masurements used in past studies will no longer be necessary. Nor w ill 

both front and back view be required since contours of each view' are 

nearly identical. Generally, the back view has been used for i( is easier 

to position the subject in relation to the screen and more comfortable 

for him. 

From the back view the following can be observed: (1) general 

mass and shape, (2) size and contour of bodv segments, (3) propor¬ 

tional relationships of the body units, and (4) alignment. The condition 

of balance and symmetry of identical body parts on the two sides ol 

the balance line can be seen, with an imbalance in one unit being 

frequently associated with a compensatory imbalance in another unit. 

Since habitual imbalance becomes a notable factor in bod\ structure 
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and function, it is important that the condition of balance of all units 

be identified. The aesthetic effect of the total figure with its interrelated 

parts can also be evaluated. 

Figure 2 — “Posture-graph” and “Somato-graph” of Subject 130 

The profile sideview called a posture-graph (Figure 2), along with 

the back view, allows for further analysis of alignment since the subjects 

are positioned with the front edge of the ankle on the balance line. This 

balance line can then be used as reference for comparison with the axes 

of segmental body units and alignment of key gravity points. 

APPLICATION IN EDUCATION 

These silhouette photographs have been used with classes over 

a period of years for purposes of self-analysis and logical problem¬ 

solving. Thus it has been possible to observe their reliability, validity 

and effectiveness. In one study of 75 students only two examples of spur¬ 

ious characteristics were discovered. These were due to slight errors 

in positioning of student-subjects during the photographic process. 
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There have been occasional examples of difference in degree of posture 

irregularities in repeated photographs but none of complete change of 

characteristics. There appears to be strong evidence that postural char¬ 

acteristics are tvpical and persistent and that variations from typical 

are difficult to fake for the average student. 

Statements of subjects give unmistakable evidence of increased 

awareness of the body as an object and as a locus for the self. The fol¬ 

lowing is a typical comment: 

When we took these pictures I knew that my posture and my 
figure were not great but I had no idea what a serious problem I do 
have. Since I have studied these pictures I have become more aware 
of the way I walk, stand, and look everyday. I had no idea that my 
shoulders were so sloping or that my back is as swayed as it is. Since 
I have seen these I have tried to stand straight and walk correctly. 
I have become more conscious of how I look to other people. 

The most dramatic application of the method to date has been in 

the study of posture. Utilizing the anterior-posterior view, it has, for the 

first time in the efforts of this teacher, been possible to get the posture 

message across to students. Upon viewing their photographs, they do 

not argue or make excuses but actually try to begin to understand. It 

is recognized, however, that the picture alone will not serve to effect 

such pervasive changes in perception of the body for average students 

are not well informed on central tendencies and variances. There must 

be prior illustrated explanation of what to look for and how to recog¬ 

nize good posture and variations. This can be effectively presented in 

a group situation. When viewed after students have become aware 

of norms and variations, the pictures make a decided impact on in¬ 

dividual subjects and there is high motivation to “get to work" on 

postural faults. It appears that aesthetic considerations may have more 

influence on attitudes than functional considerations. Unfortunately, 

follow-up with therapeutic training in conjunction with analysis has 

not vet been achieved. 

DEVELOPMENT OF RATING STANDARDS 

Since no appropriate and adequate standards were available, it was 

necessary to devise a criterion for ratings so that data could be collected 

and recorded in order to test hypotheses. Development ('I tentative 

scales will be continued. 

Body Build Scale 

The development of the Body Build Scale (Figure 3) has been 

based on the assumption that it is the1 relation of all the bod\ segments 
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to each other in terms of size and weight that determines impressions 

and should be used as a basis for typing. This is not dependent upon 

height. A figure of any height could be located in any one of the 

categories selected. To go further and secure a Body Index the height 

quality would have to be added as, for example, tall-slender. With 

height quantified on a five-point scale a height build index would have 

a clear interpretation, as 1 - 4 would mean “very short and stoc-kv” in 

build. 

Silhouette photographs of 300 women students of Auburn Univer¬ 

sity were utilized in evolving this scale. Subjects were almost the entire 

population of students entering freshmen classes in Clothing and Textiles 

during the years 1963-1965. Photographs were distributed into groupings 

1 
BODY BUILD SCALE 

2 3 4 5 

Chest Hat 

Abdomen very Hat 

Hips very lean 

Thighs skinny 

Arms and legs bony 

Shoulders yery natro* 

Bust small 

Mrdrrll flat 

Abdomen Hal 

Hips slender 

Thighs slendei 

Shoulders nano* 

Bust ayeiagc 

Midriff average 

Abdomen slightly lounded 

Hips average 

Arms and legs average 

Shoulders average 

Bust large 

Midriff obvious 

Abdomen Protruding 

Thighs heavy 

Arms and legs thick 

Shoulders broad 

Bust markedly prominent 

Midriff markedly prominent 

Waist not detmed 

Abdomen very prominent 

Thighs very heavy 

Arms and legs markedly heavy 

Shoulders markedly wide 

Figure 3 — Tentative Seale of Body Build Types 

by consensus of three judges, using the mode as the mid-point or “aver¬ 

age” while attempting to get a regular progression in both directions in 

terms of weight and shape. From these distributions, composite figures 

were constructed. Scales of verbal listings of qualities appearing in the 
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groupings were composed from observations and the literature. A per¬ 

son need not have all the qualities listed in a eategorv in order to fit into 

the group but a sufficient number to make him more like that group 

than anv other group was required. 

POSTURE SCALE 
2 3 5 

tad eirtecij tciwire 

SkMldtrs nit ledsinaptd 

Udenev airtedly pruiibtur 

Sick euTiedit curved 

Shoulders eirttdl) ami 

lets aorkedlT irrcpi* 

Shoulders noticeably slumped 

Mono jomevbat listubf rwt 

Sh adders on 

ll|S ir re|u0 

Shoulders sli(htly slumped 

lick uulicubly i 

Shoulders slijbllj ortein 

Up rslitirely sltiijhi 

bbdemtB a but oat Mil 

lick cum tll|bllp nurtured 

Rates slrjhllf lease 

III met sli|lll| ill 

Sbouldcrs mjiIi level 

1*1* *"‘i|*' 

biluctd 

Shoulders level 

Figure 4—Tentative Scale of Posture Types 

The Posture Scale (Figure 4) was developed in the same manner. 

Past postural studies were, of course, considered while developing the 

scale. The manner of identifying and listing some constituent segmental 

elements was patterned after an earlv study carried out in the Children’s 

Bureau (4). 

As mentioned, the alignment of body segments can be compared 

with the balance line and malalignment can be identified. After becom¬ 

ing aware of the alignment which constitutes good posture, students 

can readily identify their variations from this standard. W ith the aid 

of this scale as a criterion for ratings, postural condition can be quanti¬ 

fied to aid in clarification during self evaluation or in the testing of 

hypotheses. 
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TESTING THE METHOD 

Because body-image studies in the past have been limited for lack 

of a way to quantify impressions so that their validity could be eval¬ 

uated, the method was tested in such a study. The visual somatometry 

technique and the developed scales were utilized in this study of body- 

image with 95 women students at Auburn University, the entire popu¬ 

lation of the Fundamentals of Clothing Classes during three quarters of 

1966 (2). The Body Build rating (an average of ratings of three ex¬ 

perienced judges), which represented a global response to the weight 

of the body in relation to height when compared with the standard of 

the Body Build Scale, was correlated (P=.01) with the “Average” rat¬ 

ings (the means of size ratings of height, build, bust, shoulders, waist, 

hips, thighs, and legs and ankles) under all conditions. This provides 

evidence that the Body Build Scale is a reliable indicator of the mean 

score. It is, of course, much quicker. For the judges, particularly, this 

close relationship indicates an absence of consistent bias in impressions 

of body build. 

This close relationship which holds for the group may, however, 

vary with individuals because the global impressions can be sensitive 

to variations of specific body segments, some of which are more power¬ 

ful than others in influencing a total impression. Higher hip ratings 

(larger hips) appeared to be associated with higher body build ratings 

(meaning a proportionately heavier build). Although judges agreed 

with subjects on Body Build generally (P=.01) there was evidence 

that some subjects tended to exaggerate their size. In a society which 

emphasizes the value of slimness, this is not a surprising finding. 

In some instances judges agreed with subjects on body quality as 

rated on a scale of (1) very attractive, (2) better than average, (3) 

average, (4) not quite average, and (5) unattractive. For the group, 

however, the judges’ perception of quality was not significantly corre¬ 

lated with that of the subjects. 

Posture Quality ratings were not similar, as indicated by Duncan’s 

Multiple Range Test (P=.01). This seemed to be the area of least 

realistic perception by subjects. Perception of many common postural 

irregularities is almost non-existent. 

This graphic method of recording and quantifying personal body 

characteristics has opened new vistas in research into self-perception. 

Thus the two scales, supplemented by a Physical Inventory, were used 

as standards in a thesis study on “Postural Norms and Variances as 

Related to Body-Image” (9) where silhouette photographs were used 

for evaluations. The ratings of body tvpes of the 150 student subjects 
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(a consensus rating by three experienced judges) formed a relatively 

normal distribution. This was broken slightly because the judges felt 

the need for mid-point ratings, caused largely by the composite nature 

of some of the figures. This normal distribution provided strong evi¬ 

dence that the anchor points were located close to the parameters of 

this population of college girls. There is no reason to assume that this 

sample was unique from the general population of American, white, 

young women. If there is a difference, observations will simply result 

in a skewed curve and samples could be compared. Thus, it is probable 

that the scales will find broad application. 

The subjects' perceptions of postural variances in this study were 

significantly different from perceptions of the judges. Postural aware¬ 

ness is quite lacking in almost all subjects to date. This fact has rele¬ 

vance for educators as well as for those specifically concerned with 

public health. In this sample, no subjects exhibited “excellent” posture 

although 38 were rated as having “good” posture. The majority of the 

150 subjects were identified as having “average” posture which, to 

repeat, is not good posture. What implications does this have for well¬ 

being of people? It hardly seems possible that posture is insignificant 

in relation to physiological functioning. With data of this tvpe from 

large numbers of people, this relation could be studied and clarified. 

Attitudes towards the self held by the above-mentioned subjects 

were significantly correlated (P=.()l) with their bodies. These were 

measured by the Bodv-Cathexis scores using instruments designed by 

Secord and Jourard (11). If a subject were pleased with her body, she 

usually was relatively pleased with her self. 

Robinson provided evidence of the reliability of judges’ assessments 

when the scales were used as standards for reference. In her test-retest 

sample judges were in approximate agreement (plus or minus .5) 90rp 

of the time. Many of the cases were borderline in nature and changes in 

ratings which represented very minute differences in perceived charac¬ 

teristics could easily occur. Therefore, it can be concluded that the re¬ 

liability of the judges’ ratings was very high. 

IMPLICATIONS FOR FURTHER STUDIES 

These studies introduce several of the ways in which this method 

of Visual Somatometry can aid research: the identification of body 

characteristics, the identification of body-image, identification of pos¬ 

tural patterns, and quantification so that this information can be sta¬ 

tistically related to other information. The numbers and kind of cjues- 



32 Journal of the Alabama Academy of Science 

tions that can be answered by data secured by this method of research 

are continuously being expanded as new applications appear. 

A growing interest in preventive medicine, as evidenced by publi¬ 

cations in professional journals, may stimulate research that can be 

aided by this objective method of analysis. In particular, it could be 

useful in obesity studies, probably in combination with data on weight 

and skin-fold. A problem in clinical work with such patients has been 

the lack of conviction and motivation of patients which result in lack 

of cooperation and self-discipline. Subjects to date have rarely attempt¬ 

ed to argue with the evidence or rationalize away the facts presented 

by the pictures. It would be interesting to observe whether similar 

results would be obtained with obese patients. 

Quick, easy identification of body type could, with sizable samples, 

provide information on the relation of physique to disease. The relation 

of obesity to certain heart conditions is already familiar to the general 

public. Skottowe (13), in reviewing the use of physical anthropometry 

in psychiatry pointed the way to future research when he said 

“The important principle which emerges is that if we are to im¬ 
plement the aphorism that we should look at the ‘whole man’, surely 
we should look at his physical signs and symptoms of any disease from 
which he may be suffering; and if we take the trouble to measure 
what we see we can have little to lose and may have much to gain." 

Somato-graphs, if used as part of the medical record of patients, could 

be very useful in observation of physical changes across time. 

Studies in health education reveal that many students have inaccu¬ 

rate impressions of their bodies and their functioning and required 

care (3). The Auburn studies mentioned show that even elementary 

knowledge of standards of static posture are lacking. Knowledge of 

body mechanics as a part of physical fitness should be familiar to all 

people. The day when an individual can transfer all responsibility for his 

well-being to his doctor is fast disappearing. Perhaps a mass screening 

analysis of body and posture should be a part of all school programs. 

Records of this type could contribute greatlv to understanding of body 

structure and functioning. 

Quite obviously, the body structure and the body-image have im¬ 

plications for behavior but specific effects and mechanisms are not yet 

understood. The relation of body-image to mental health has fascinating 

challenge. The writer plans to apply the method of visual somatometrv 

in the study of validity and reliability of body-image, in the study of the 

self-image, in person perception and interpersonal relations, and in 

various other aspects of mental health and also, to the study of human 

architecture and garment requirements. 
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The method has proven to be practical for use in group studies and 

for clinical use with individuals as well as in the classroom. It is, even 

with the slight distortion inherent in the photographing of a shadow, 

quite adequate for purposes of identification and typing. It has been 

applied in studies with young women only. Data are needed on other 

population groups, as for men and for varied age groups. More graphic 

standards for comparison must be developed. The standards need to be 

validated for larger populations and norms established. 

A project is now being planned which will attempt to develop 

equipment to improve the method further so that it may have broader 

application for data collection where precision measurements are re¬ 

quired. 

SUMMARY AND CONCLUSIONS 

A new method of recording and analyzing body characteristics as a 

basis for classification and study has been developed and tested. It has 

been found effective in clinical as well as in group studies. It provides 

objective, reproducible data that could facilitate large studies. For in¬ 

stance, it could be utilized as a technique for mass screening of students 

in high schools to identify irregularities that might later develop into 

functional problems. 

The method appears to have potential for various disciplines. The 

challenge seems clear. It is hoped that this potential for application will 

stimulate cooperative, interdisciplinary research in the near future. The 

author would be pleased to consider any suggestions for such coopera¬ 

tive endeavor. 
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Urbanization and Attitudes Toward 
Consumer Credit 

ROBERT S. GLOVER and BILL R. MILLER 

Department of Agricultural Economics and Rural Sociology 

Auburn University, Auburn, Alabama 

The research project described in this paper has as one of its ob¬ 

jectives the definition of problems associated with consumer credit. Typi¬ 

cally, problem oriented scientific research defines the problem, gathers 

information about alternatives and through the use of some decision-rule 

makes a choice that is a solution to the problem. All too frequently in the 

social sciences, however, the problem or problems are not easily defined. 

Considerable research or study may be needed to adequately define socio¬ 

economic problems. Research aimed at problem recognition is not, how¬ 

ever, unscientific. It simply carries the connotation of basic research in 

contrast to applied research with its problem solving approach. 

The average consumer does have difficulty in using the concept of 

interest rate as revealed by a recent survey of interest rate structure and 

attitudes toward use of credit. Survey results presented in the tables were 

derived from a stratified random sample of the population in Dekalb, 

Cherokee, Marshall and Jackson counties. Respondents in the urban sur¬ 

veys were selected at random from a list of all urban households publish¬ 

ed in city directories of the area. Respondents in the rural sample were 

selected at random using area sampling materials and the techniques 

developed for the open county area. 

Consumers reported they had bought on credit slightly less than 

half of the durable goods owned and tabulated at the time of the survey. 

On 90 per cent of durable items bought on credit, the population either 

could not recall or did not know the terms of credit. Durable goods re¬ 

ported were refrigerators, freezers, washing machines, radios, TV sets 

and stereo record players. Lack of recall was not related to length of 

ownership as it was also true that on 90 per cent of items bought in 1966 

credit terms were not known or recalled. The annual interest rate was 

calculated on 17 items owned bv rural persons and eight items owned bv 

those in the urban sample for which installment credit terms were' known. 

All of the credit found was in installment loans. The formula, one fre¬ 

quently used bv the Federal Reserve System, used for calculation is: 

interest charge number of payments I 
- --- x ----- 

i = principle X number of payments + I number of vears 

9 
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Interest charge was defined as total amount of money repaid minus 

the principle. Insurance charges on life and property were subtracted 

from total repayment when these were known. Service or account 

charges were not subtracted. Interest rate calculated in this way aver¬ 

aged 41 per cent annually on items in the urban sample and 38 per 

cent on items in the rural sample. In contrast to the calculated rates, 

six per cent annual interest on charge accounts was expected bv 47 

per cent oi those interviewed and only 29 per cent thought charges were 

greater than this. Twenty-four per cent of those interviewed said they 

had no idea what the rate might be. 

A sample of lenders in the area was surveyed to obtain ((noted in¬ 

stallment terms. Terms quoted by five banks were calculated to average 

16 per cent annual interest. Terms quoted by five durable goods dealers 

were calculated to average 22 per cent and interest calculated from 

terms of one small loan company averaged 37 per cent. All other loan 

companies in the sample declined to give specific information. 

Quoted bank rates ranged from six to eight per cent. However, the 

installment method of repayment has the effect of almost doubling the 

rate primarily because the amount of principle used in the lending 

period averages about half of the stated amount. Also, banks added on 

some service charges bringing the final result up to about 16 per cent. 

Differences between calculated bank and store rates of 16 and 22 

per cent and 38 to 41 per cent paid by buyers are explained in part by 

the practice of discounts for cash. If an item listed for 100 dollars could 

be bought for 85 dollars cash the consumer buying on credit with no 

down payment must pay not only the interest charge on 100 dollars, 

which may be 22 per cent, but must consider the 15 dollar discount to 

be an interest charge also. The net result may be an interest rate of 35 

to 40 per cent, depending on the length of time the money is borrowed. 

Cash prices after discounts or trade-in must be known if the consumer 

is to have all of the information about credit terms. 

Thus, inadequate knowledge about the concept of interest rate is 

documented. Knowledge in the area is so lacking and widespread, how¬ 

ever, that it cannot serve as a variable to further subdivide the popu¬ 

lation in any attempt to explain the use of credit. Many characteristics 

of the population are likely to be associated with the problem of high 

interest rate, but the sample size is too small in this survey to allow 

us to study the high interest versus the low interest rate users. In such 

a case a suitable proxy variable may be found, that is, one that is corre¬ 

lated with level of interest rate. Attitudes should have the capability 

of serving as proxy for many variables in the social sciences for which 

good information is difficult to obtain. If attitudes are thought of as 



Urbanization and Attitudes Toward Consumer Credit 37 

preparations for action or conditions of readiness to respond, then atti¬ 

tudes about credit use will be conditioned by knowledge of and ex¬ 

perience with high or low interest rates. Attitudes will, of course, be 

conditioned by other variables, but as these other variables are defined, 

other characteristics of the interest rate problem will emerge. 

The questionnaire used in the research was devised to provide in¬ 

formation about respondents’ experiences with consumer credit and 

indications of attitudes toward consumer credit via a list of 23 statements 

arranged into an agree-disagree format. These were presented to re¬ 

spondents and respondents then were asked whether they agreed with 

the statement, disagreed with it, or did not know. Some statements 

were favorable toward credit and agreement with these was considered 

to be an indication of a favorable attitude. Other statements were un¬ 

favorable attitude. Conversely, disagreement with an unfavorable state¬ 

ment was construed to be an indication of a favorable attitude. Favor¬ 

able responses to the attitude questions were summed for each respon¬ 

dent or group of respondents and the percentage of favorable responses 

given bv each respondent or group of respondents was computed. 

Analysis of the responses revealed that nine of the statements were 

particularly valuable as indicators of attitudes toward credit. The nine 

statements are: 

1. People who buy on credit are likely to work harder than others 

to repay their debts. 

2. The use of credit has made the benefits of using expensive goods 

possible for all the people instead of just the rich. 

3. Most people use credit to buy articles of little or no lasting bene¬ 

fit. 

4. People should wait until they can pay cash for goods rather than 

buy on credit. 

5. Credit purchases of household appliances may be seen as a type 

of savings. 

6. Except when buying houses and automobiles, people should wait 

until they can pay cash for goods, and not buy on credit. 

7. Sellers want to repossess goods sold on credit and are happy when 

a person gets behind on his payments. 

8. People in this country would be better off if such goods as auto¬ 

mobiles and appliances could not be bought except on a cash 

basis. 

9. The use of credit should be reserved for emergency purposes 

only. 
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Attitudes and experiences with credit. — It is recognized that per¬ 

sonal experience has a strong bearing on the attitudes one holds toward 

other individuals, groups, objects, or toward institutions. Past experiences 

in a particular setting that were unpleasant or led to unfavorable conse¬ 

quences have been found to be associated with negative attitudes toward 

people, objects or institutions associated with this setting. Conversely, 

pleasant experiences have been found to be related to positive or favor¬ 

able attitudes. 

The consumption activity of widely diverse social classes and eco¬ 

nomic groups has contributed to the expansion of consumer credit in the 

past two decades. This dispersion of credit has of necessity (by its very 

nature) provided a large segment of the population with experience in 

the use, servicing, retiring, and perhaps evils of consumer debt. This 

experience may have the effect of conditioning the attitudes of consumers 

toward credit and the effects may give rise to favorable or unfavorable 

attitudes with the direction of the attitudinal changes being dependent on 

any of a number of aspects of the borrowing experience. 

Respondents were grouped or sorted according to several hypotheses 

and the percentages of favorable and unfavorable responses were com¬ 

pared. One working hypothesis considered the number of sources of 

credit from which an individual has borrowed as one indication of the 

extensiveness of his past experience with credit. The sources of con¬ 

sumer credit or types of lenders that had been used by the sample of 

urban and rural-mobile respondents is shown in Table 1 and reveals a 

somewhat different pattern of use. 

Table 1. Experiences of 51 Urban and 14 Rural-Mobile Respondents 
With Particular Types of Lenders 

ffave used Have not used 

urban rural-mobile urban rural-mobile 

Banks 43 11 8 3 

Retail stores 39 1 1 12 3 
Small loan companies 15 8 36 6 
Private individuals 13 4 38 10 
Savings & Loan Associations 9 0 42 14 
Life insurance companies 6 0 45 14 
Federal credit unions 1 0 50 14 

The percentage of favorable responses toward the statements on 

credit presented to respondents and the number of different credit 

sources used, is summarized in Table 2. The tendency to express favor- 
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able attitudes toward credit increased with the number of credit sources 

that had been used in the urban group but decreased in the rural- 

mobile group. 

Table 2. Number of Sources of Credit (or Type of Lenders) used 

and Per cent Favorable Attitudes 

XT Per cent favorable attitudes 
Number ot sources - 

Urban Rural-mobile Urban Rural-mobile 

Two or less 28 6 53 60 

More than two 23 8 57 43 

When responses to the statements are related to whether the re¬ 

spondent has used a particular source (or type of lender) a pattern 

emerges whereby users of particular sources show up as expressing more 

favorable attitudes toward consumer credit. This is shown in Table 3. 

Table 3. Percentages of Responses Indicative of Favorable Attitudes 

Toward Credit and Experience With Various Types of Lenders 

Use of 

source 

reported 

Commer¬ 

cial 

banks 

Retail 

stores 

Small 

loan 

companies 

Private 

indi¬ 

viduals 

Savings 

and loan 

associa¬ 

tions 

Insurance 

companies 

Per cent 

Rural-mobile 

yes 43 46 43 41 

Urban 

yes 55.3 55.0 55.7 58.8 57.7 67.8 

Rural-mobile 

no 39 47 50 48 

Urban 

no 48.6 52.6 53.6 52.7 53.5 52.4 

Another hypothesis is the relationship of credit and mobility. The 

hypothesis that mobility is related to credit use arises from interest in the 

fact that substantial changes in employment have occurred in Vlabama 

during the past decade. Agricultural employment was dow n 70 per cent 

in some areas while non-agricultural employment was up as much as 40 

per cent. A grouping by mobility class is shown in Table 4. 
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Table 4. Percentages of Favorable or Unfavorable Attitudes About 

Credit According to Mobility Within the Past F ive Years 

Rural Urban 

Mobile Non mobile Mobile Non mobile 

F 'er cent 

F avorable 43.6 45.7 48.7 44.8 
Unfavorable 46.5 39.4 38.9 42.8 
Don't know 9.9 14.9 12.4 12.4 

Total 100.0 100.0 100.0 100.0 
Number/class 14 59 21 30 

Those respondents in the rural sample that had moved within the 

past five years did have significantly more unfavorable attitudes about 

credit than any of the other mobility classes1. As only four people in this 

rural group were farmers and about half of them had moved to the 

country from some town, they were compared with all those in the 

urban group according to some selected socio-economic characteristics. 

Incomes of the urban and rural mobility group were similar but 

the educational level of the rural group was significantly less, Table 5, 

and they were significantly younger. Table 6'. 

Table 5. Selected Socio-Economic Characteristics of the Urban and 

Rural-Mobile Sample 

Urban Rural Years of Urban Rural 

Income number mobile School Completed number mobile 

No data on income 8 5 No data on education 10 0 

Under $3,000 12 2 8 or less 14 7 

$3,000 under $6,000 8 i 9 through 12 16 4 

$6,000 under $10,000 15 4 Over 12 11 3 

$10,000 and over 8 2 

Table 6. Age of Husband and Per Cent Favorable Attitudes of 

Respondents in the Urban and Rural-Mobile Group 

Age 
Number 

Per cent favorable 

attitude 

Urban Rural-mobile Urban Rural-mobile 

No data 6 0 46.2 

Under 40 9 6 59.0 45 

40 under 50 14 4 58.8 44 

50 and over 22 4 51 50 

’ .05 level of probability. 
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The possibility of consumer attitudes changing through time. — 

Analysis of changes in consumer attitudes toward credit is hampered 

bv the lack of time series data. However, cross sectional data can fre¬ 

quently provide information that is suggestive of changes that may be 

occurring through time. Data on age of Head of Household and per 

cent favorable attitudes toward credit are shown in Table 6. Little dif¬ 

ference is found in the percentage of favorable attitudes expressed by 

each of the two younger age groups but older respondents in the urban 

group were less inclined to express favorable attitudes. Just the opposite 

appeared to be true in rural-mobile group. 

Analysis of responses to particular statements used in the questionnaire 

provides additional evidence to support suggested associations between 

the number and type of credit sources, the type of individual, and 

favorable attitudes toward credit. 

The apparent relationship between experience with use of credit 

and favorable attitudes toward credit (if in fact any such relationship 

can be said to exist) does not necessarily mean that favorable attitudes 

are conditioned attitudes that developed from the use of credit. It may 

be asserted that an equally plausible hypothesis is that people that orig¬ 

inally (originally in this context meaning before one had personal ex¬ 

perience with credit) were favorably disposed or had favorable atti¬ 

tudes toward credit are more likely to use consumer credit than those 

with less favorable “original” attitudes. Regardless of the logic of this 

position present indications are that the expansion of consumer credit 

will continue. 

This research has yielded no evidence that attitudes will become 

less favorable or more unfavorable toward credit as more credit is used. 

The research does indicate that certain groups, rural-mobile for one, 

within the population have significantly less favorable attitudes than 

others and there is some suggestion that these attitudes are related to 

selected source of credit. Whether or not high interest rates at the se¬ 

lected sources or socio-economic characteristic of the group is the cause 

of unfavorable attitudes is as yet unknown. 
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The Decline In Trapping In Alabama 

FRANCIS X. LUETH 

Alabama Department of Conservation 

Division of Game and Fish 

Montgomery, Alabama 

In 1950-51 it was estimated that the value of furs harvested in 

Alabama exceeded $400,000. In 1965-66 only $66,000 worth of pelts were 

harvested. There were over 3,900 fur catchers licenses sold in this state 

in 1946-47, but twenty years later the number was approximately 700. 

During the late 1940’s, over 40 local fur dealers purchased pelts. Today 

there are, at the most, ten local fur-buyers. This paper intends to ex¬ 

plain some possible reasons for the decline in what was once a rather 

extensive business. 

METHODS 

Statistics on the number and value of Alabama furs have been 

compiled annually since the 1953-54 season. Comparative data prior 

to that season are available from a number of sources. 

The number of fur-catchers or trappers licenses sold is reported in 

the annual reports of the Alabama Department of Conservation or in 

earlier quadrennial reports of the predecessors of the Department. Fur 

tag sales were used to get approximations of the total pelt harvests 

from 1936-37 through 1952-53. The number of tags sold was expanded 

by 25 per cent, which was the average difference between tag sales and 

dealer’s reports when the information was available from both sources. 

In making fur harvest studies, it was found that there was less difference 

in average prices paid between some states in the same year than 

between years in the same state. When average prices for Alabama were 

not available, either Illinois or Missouri prices were used as guides. 

For the three year period 1953-54 through 1955-56, three different 

methods were used simultaneously to obtain the total harvest. 

First: During this period of study, fur tags were sold for the 

various species. To legally market his harvest, the fur-catcher had to 

attach a metal tag to each pelt. Each species of animal marketed re¬ 

quired a different priced tag; therefore, the number of tags sold should 

equal the harvest. 

Second: A questionnaire was sent to the licensed trappers and from 

sixteen to twenty-eight per cent of the catchers returned and answered 

1 A contribution of P. R. Project W-35-R 
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the questionnaire. The answers were expanded to account for the total 

harvest and value. 

Third: The larger dealers were questioned about their purchases, 

both as to number and value of pelts. In 1955-56 the records of the 

larger dealers were actually examined. Sales records were compared 

with the license lists and the reporting dealers purchased at least 95 

per cent of the legally taken animals, plus some taken by unlicensed 

trappers. The fur-dealer questionnaire proved to be the most reliable 

method for determining total harvest and value. The figures obtained 

were expanded to include the occasional local dealer that might not 

report in anv one year, plus some of the smaller out-of-state dealers. 

Fur-dealer figures are used for the years 1953-54 through 1966-67. 

Since 1955-56 occasional questionnaires have been sent to the li¬ 

censed fur-catchers. The primary purpose has been to see if any new 

dealers have entered the market. It is interesting to note that the fur- 

catcher questionnaire consistantly indicates a higher price received per 

pelt than was reported (as an average) by the dealer. Many good 

trappers received 10 to 25 per cent more per pelt than the prices listed 

in the tables. 

RESULTS AND DISCUSSION 

The number of fur-catchers has fluctuated in Alabama (Table 1). 

There was a general increase in numbers from 1919 through 1946-47 

and a general downward trend since then. 

The 1919-20 season was the first that licenses were required for 

trappers in Alabama. The licenses sold for $15.00 for the first trap and 

$2.50 for each additional trap. During this first season, 951 licenses were 

sold. The relatively large number of licenses sold could probably be ac¬ 

counted for by the fact that dealers advertised they were paying the 

highest prices since 1909. A sharp drop in fur prices occurred in 1920- 

21 (Table 2) and only 160 licenses were sold that season. As prices in¬ 

creased for raccoon and red foxes, the number of licenses increased and 

there were 919 issued for 1927-28. Again, in 1932-33 prices for pelts 

decreased and only 99 licenses were sold. 

During the 1936-37 season, changes were made in the licensing 

laws. The cost of the fur-catcher’s license was $2.50 and each pelt had 

to be “tagged.” A metal tag costing $.02 had to be attached to each 

opossum, skunk, muskrat, weasel or civet cat. A $.15 tag had to be 

applied to each raccoon or mink and a $1.00 tag had to be attached to 

each fox, otter or beaver. There were 3,686 licenses issued that season. 

The change in the law coincided with a higher price paid tor tors. In 

1939-40, a year of lower fur prices, there were onl\ 1.683 licenses is 
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sued. Again, the price of fur increased and the number of licenses 

issued also increased for a few years. There was a lapse of records from 

1942 through the spring of 1946, but in 1946-47 there were 3,937 fur- 

catcher’s licenses sold. It was during this season that a sharp drop oc¬ 

curred in prices paid for foxes, skunks, raccoons and other long-haired 

furs. 

Table 1. Comparative Data ou Alabama Fur-Catchers and Harvest 

Trapping 

Season 

No. of 

Licensed 

Fur 

Catchers 

No. of 

Pelts 

Marketed3 

Value of 

Pelts 

Marketed3 

Average 

Income Per 

Licensed 

Trapper 

First Time Trappers Licensed 

1919-20 951 p p ? 

1920-21 160 p ? ? 

1926-27 552 ? ? ? 

1932-33 99 p p p 

C lange in License Laws 

1936-37 3,686 175,000 $240,000 $65.00 

1946-47 3,936 80,000 160,000 40.00 

1947-48 3,216 81,000 146,000 45.00 

1948-49 3,302 70,000 150,000 45.00 

1949-50 3,360 97,000 330,000 98.00 

1950-51 3,334 108,000 328,000 98.00 

Change in Price of Fur Tags 

1951-52 3,079 61,000 143,000 46.00 

1952-53 2,264 40,000 126,000 56.00 

1953-54 1,837 30,000 106,000 58.00 

1954-55 1,807 42,000 163,000 90.00 

1955-56 1,719 23,000 88,000 51.00 

1956-57 1,440 18,000 47,000 33.00 

1957-58 1,115 17,000 40,000 36.00 

1958-59 1,100 24,000 78,000 71.00 

1959-60 1,198 21,000 62,000 52.00 

1960-61 1,280 12,000 43,000 34.00 

Change in License Laws 

1961-62 950 27,000 73,000 77.00 

1962-63 964 53,000 158,000 164.00 

1963-64 897 24,000 62,000 69.00 

1964-65 783 23,000 55,000 70.00 

1965-66 730 28,000 66,000 90.00 

1966-67 711 35,000 64,000 90.00 

a 1936-37 through 1952-53 based on weighted tag sales and average pelt 

prices; 1953-54 through 1966-67 based on expanded dealer’s reports. 
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Table 2. Average Prices Paid by Dealers for Alabama Furs' 

45 

Year Mink Muskrat Raccoon Beaver Otter Opossum Skunk Fox Nutria 

1919-20 $ 4.50 $3.30 $3.30 $ .55 $3.90 $4.25 
1920-21 2.05 1.20 1.80 .25 1.90 3.00 
1926-27 5.20 1.35 4.80 .65 1.10 5.25 
1932-33 2.55 .40 1.60 .35 1.00 2.00 
1936-37 5.55 .65 2.90 .25 1.05 2.00 
1946-47 5.00 1.00 1.50 $12.50 .60 .50 .50 
1947-48 5.00 1.50 1.00 18.00 .70 .70 .50 
1948-49 8.00 1.10 .70 12.00 .50 .50 .50 
1949-50 8.90 .77 .27 8.00 .15 .15 .20 
1950-51 12.93 l.n .71 $6.74 12.15 .21 .15 .20 
1951-52 9.39 1.09 .55 9.90 11.00 .24 .50 .24 
1952-53 10.00 1.15 .50 4.00 9.70 .05 .30 .10 
1953-54 10.10 .83 .49 4.00 9.70 .05 .30 .10 
1954-55 13.80 1.25 .78 4.00 13.60 .10 .50 .10 
1955-56 12.73 1.11 .71 3.35 12.40 .08 .61 .14 
1956-57 9.60 .75 .70 2.35 11.75 .05 .40 .10 $.90 
1957-58 8.62 .69 .61 2.14 9.91 .06 .40 .06 .89 
1958-59 9.80 .62 .65 2.18 8.50 .10 .40 .17 .91 
1959-60 8.80 .73 .89 3.22 15.00 .29 .54 .58 .93 
1960-61 8.09 .65 1.08 4.59 16.29 .30 .60 .50 b 

1961-62 7.65 .63 1.72 4.10 12.90 .35 .53 .60 b 

1962-63 8.37 1.05 1.72 4.36 13.68 .36 .53 .60 .47 
1963-64 6.91 1.14 .90 4.13 17.27 .36 .86 .69 .52 
1964-65 5.63 .86 .92 4.08 22.91 .33 .79 1.08 .92 
1965-66 5.36 1.36 1.34 3.13 19.74 .39 1.08 1.84 .75 
1966-67 4.80 .91 .97 4.23 15.65 .36 .92 1.44 .74 

a 1919 through 1937 was average price paid by Illinois dealers; 1946 through 
1950 was average price paid by Missouri dealers; 1950-51 prices through 
1966-67 are averages paid by dealers in Alabama furs. 

b No market. 

There was a change in the price of fur tags between the 1950-51 

and the 1951-52 seasons. Also, a fur tag was good only if used on the 

pelt for which it was purchased. There was no change in the price of the 

fur-catcher’s license. After this change in the price of fur-tags (even 

though some species sold at a lower rate than previously) there were 

300 fewer licenses sold the following season. During the third season 

(1953-54) after the change, there were 1,500 fewer licenses sold than in 

1950-51. During this period, there was a decrease in prices paid for all 

furs except mink. 

In 1961-62, the price of the fur-catcher s license increased to $5.00 

plus an issuance fee. However, the fur-tags were eliminated and the 

better trappers were actually paying less to catch and market their 
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fur than they had previously. During that year, there was a decrease 

of 330 in license sales. The number of licensed catchers has decreased 

steadily since that time. It should be noted that the prices paid for 

mink have also steadily decreased. 

It is apparent that the cost of fur-catcher’s licenses and tags had 

less effect on the number issued than the average price paid for mar¬ 

ketable f urs. 

The number of pelts has also fluctuated greatly. It is probable that 

the estimate of 475,000 pelts for 1935-37 was somewhat excessive. With 

new laws and possible rigid enforcement of the tagging laws, it is 

quite probable that the tags sold should not have been expanded by 

the 25 per cent found in later years. It is known that there must have 

been a large number of pelts marketed in that year. The 28,000 pelts 

taken in 1965-66 was onlv a fraction of the number taken 19 years 

before, but it was over twice the number taken just seven years before. 

The reason for fluctuation in pelt numbers was apparent when it was 

noted that prices for species varied from year to year. In 1954-55, mink 

sold was $13.80 average (some brought more than $20.00) and over 

11,000 were marketed that season. In 1964-65, only 5,000 were sold and 

they averaged $5.36. In 1954-55, with opossums selling for $.10 each 

only 400 were marketed. In 1964-65, the price had gone to $.39 and 1,700 

were sold. Similar figures can be seen for all types of Alabama furs. 

44le total value of the furs also fluctuated, but perhaps not as much 

as the total number of pelts. Earl F. Kennamer (1954, Size and Value 

of Alabama Fur Crop. Jour. Wildlife Management; 18:4, p. 539) gave 

the number of furs harvested in 1950-51 as 114,000 and the value as be¬ 

ing in excess of $411,000. 44ie difference between his figures and those 

in Table 1 can be explained by the differences in arriving at the figures. 

He received answers from 215 of 3,334 licensed trappers and they re¬ 

ported receiving considerably more per mink pelt than the local dealers 

paid for the average pelt. Table 1 suggests that the 1950-51 season 

studied by Kennamer was a season in which the total value of the fur 

harvest was one of the highest ever to have occurred in Alabama. It 

should be noted that the last few years have not been the years of the 

lowest value received for the furs taken. 44io.se occurred in 1956-57 and 

1957-58 and again in 1960-61 when less than $50,000 worth of fur a 

year was marketed. 

The average income per licensed trapper has fluctuated, but can¬ 

not be shown to have the same decline as the number of trappers, pelts 

taken, or total value of pelts. It appears that the trappers today are 

more selective in their trapping and marketing procedures. Our survey 
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of Alabama fur-catchers in 1963-64 showed that a high percentage were 

“senior citizens” with some exceeding 70 years of age. 

Since there are now fewer trappers, there are also fewer fur deal¬ 

ers. In 1940-41, there were over 40 local dealers in this state. By 1954- 

55 there were less than 25, and today there are probably eight. Only 

one dealer reporting today is not connected with a company that pur¬ 

chased fur in 1953. 

Obviously the fur business depends upon fur prices and fur prices 

depend upon the demand for pelts for coats or trim for ladies’ fashions. 

There was once a time when a woman wanted a fur coat both for 

warmth and beauty. If she could not have the more stylish fur of that 

year, she would settle for second best. She would even be happy with 

a dyed rabbit, just as long as it was a fur. Red fox and raccoon coats 

were stylish. 

Today, and this has been true for some time, there is no need for 

the warmth the old bundlesome fur coat provided. Heated buildings and 

cars have replaced the need for the great warmth. Wearing furs while 

riding in, or getting into, an automobile has a tendency to break guard 

hairs and damage the furs. Beauty is a thing of style and some furs 

just are not stylish. It is true that mink, and now ranch-raised mutation 

mink, is stylish but this does not account for the many kinds of pelts 

that could be marketed. 

Ladies’ fashions have been responsible for changes in trapping 

and will probably continue to affect the total fur harvest. The period 

from 1919 through the early 1940’s saw a demand for furs of mam- 

kinds and although the fashions changed from year to year, there was 

still a demand for all fur. The period from about 1947 through I960 

was one of limited markets for everything but mink. Although mink is 

still a stable item, the preference is for ranch raised mutations and w ild 

mink have fallen in value. 

About 1960 or 1961, there was a revival of demand for some other 

furs. This was brought about by relatively large exports of some of our 

more abundant species. There is a possibility that there will be a partial 

revival of furs in fashion. Until then, the Alabama fur industrv will con 

tinue to be a fluctuating but declining one. 
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Computerized Management 

WAYNE C. CURTIS 

Alabama Farm Bureau Federation 

Montgomery, Alabama 

ft has been pointed out that, within the next five years, agriculture 

will face an evolutionary change in the management function due to 

the influence of computer technology.1 The astute manager may well be¬ 

come a formulator of questions and his decision making partner, the 

electronic computer, will then proceed to gather and sort recorded data, 

ask advice from experts in other fields, consult its own memory, and 

then produce a mathematical answer. This, then, will relieve the manager 

of most of the work involved in assembling and tabulating information 

in order that he might be free to evaluate, analyze, and plan for the 

future. 

One such attempt at computerizing the management function has 

been made by Alabama Farm Records, a subsidiary of the Alabama 

Farm Bureau Service Company. Beginning January 1, 1967, Alabama 

Farm Records initiated a computerized management-recordkeeping ser¬ 

vice for members, the first commercial venture of its tvpe in Alabama. 

Services offered by Alabama Farm Records include double-entry 

accounting, complete income tax filling service, management consulta¬ 

tion visits to individual clients, an end-of-year business analysis com¬ 

parison, and other optional reports. In these reports, as much or little 

detail as may be desired by clients can be provided, ranging from sim¬ 

ple tax management through financial and farm management to include 

complete enterprise cost analysis. 

TECHNICAL OPERATION 

The entire operation of the Alabama Farm Records system is predi¬ 

cated upon a totally pre-coded input system. Expenses and capital asset 

acquisitions are normally reported on pre-coded duplicate checks made 

of pressure sensitive paper', the duplicate portion of the check having 

expense items printed on a fold-out. All that is required of the client 

is to find the appropriate expense items and indicate the amount of the 

expenditure opposite the item. For clients not using the Alabama Farm 

Records check, a pre-coded expense pad is provided. Using these pads, 

clients complete one sheet for each purchase. If an accounts payable 

ledger is wanted, then a sheet is filled out for each charge. 

Farm Quarterly, January, 1967, p. 2. 
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Income is handled in a like manner, through the use of a pre-coded 

receipts pad. On these are recorded sales of market produce raised, 

sale of other farm products, sales of capital assets purchased and raised, 

and non-farm income. Money borrowed is also recorded on this form. 

Provisions are also made for distribution of each item of income to a 

number of checking accounts, savings accounts, or cash withheld from 

deposit. Composition of this form, of course, would depend on the in¬ 

dividual farm situation. 

In a like manner, inventory-change forms are pre-coded so that the 

client may report on a periodic basis any change in inventory. 

At the end of each month, each client sends his expense, income, 

and inventory change forms into Alabama Farm Records office in Mont¬ 

gomery for processing. It is anticipated that machine reports will be 

forwarded to clients within a week after receipt of these forms. 

The Alabama Farm Records system is completely personalized to 

fit each client’s individual needs. At the time an individual enrolls in a 

program, he is given a master chart of accounts, from which he selects 

the appropriate income, expense, asset, and liability items for his par¬ 

ticular farming operation. These items are then printed on his forms. 

If, after his forms are printed, a client discovers that he has omitted a 

particular item, he may write the item in at the bottom of the appro¬ 

priate input form. The item is then coded bv Alabama Farm Records 

personnel. 

PROGRAM 

In an attempt to meet divergent management needs of farmers 

throughout the state, Alabama Farm Records has devised two separate 

programs plus optional reports. In both of the programs, all of the ser¬ 

vices enumerated earlier are provided. 

A standard program was designed to provide farmers with infor¬ 

mation necessary to manage the tax and general financial phases of a 

farming operation. Clients report, on a monthly basis, all cash trans¬ 

actions. 

In the standard program, the following reports are provided: a 

monthly journal, a monthly cash flow or income and expense state¬ 

ment, an annual ledger, annual profit and loss statement, an annual bal 

ance sheet, and an annual depreciation schedule. Roth monthh reports, 

the journal and cash flow statement, reflect current month and vear-to- 

date balances. 

It should be pointed out that the profit and loss statement prepared 

annually in the standard program is arranged identiealh to Internal 

Revenue Form 1040-F, upon which farm income and expenses are re 
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corded. At the present time, Alabama Farm Records—through a joint 

venture with Buckeye Farm Records of Columbus, Ohio; Ford Associ¬ 

ates of Columbus, Ohio; and the Internal Revenue Service — is experi¬ 

menting with programming procedures whereby the entire form 1040-F 

is completed by computer. 

Another point of interest concerning Alabama Farm Records reports 

is the depreciation schedule. Program instructions are such that all 

types of depreciation are readily handled, including straight line, de¬ 

clining balance, double declining balance, and sum of the digits methods. 

Acquisitions of capital assets subject to depreciation are reported by 

clients on either the back of duplicate checks or on inventory change 

forms. If clients desire first year additional 20 per cent depreciation and/ 

or investment credit, they so indicate, and calculations are made by 

machine. 

A second program is the comprehensive program, which increases 

the amount of business information provided. In addition to the require¬ 

ments on the standard program, clients also are required to supply 

Alabama Farm Records with information concerning accounts receiv¬ 

able, accounts payable, and more comprehensive inventory information. 

If detailed cost information about any phase of the business is desired, 

it is necessary for clients to identify the income and expense transactions 

by enterprise, lot, or farm numbers. 

This program also reflects, on a periodic basis, changes in inven¬ 

tory. If perpetual inventory is desired, it is necessary for clients to 

give periodically to Alabama Farm Records a statement of livestock 

born, crops harvested, livestock losses, and home-grown crops fed. 

Individuals desiring periodic inventory control must provide Alabama 

Farm Records with the dollar and quantity of home-grown crops on 

hand and the raised livestock on hand at the time that an accurate 

profit and loss statement and balance sheet are required. 

With the increased input required in the comprehensive program, 

Alabama Farm Records can provide a complete picture of the farm 

business each month. Farmers have the data needed to analyze the 

general financial and tax phases of the farming operation, plus infor¬ 

mation for total farm analysis and planning. In the comprehensive pro¬ 

gram, Alabama Farm Records offers the following routine output: 

monthly journal, monthly ledger, monthly profit and loss statement, 

monthly balance sheet, and annual depreciation schedule. 

In addition to the two basic programs, special optional manage¬ 

ment reports are offered. A detailed labor report, showing wages paid 

each employee and providing information for Federal Form 943, is 

provided on a monthly, quarterly, or annual basis. Enterprise reports — 
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on particular enterprises within the total farming operation — are pro¬ 

vided in the comprehensive program only. Other management reports 

that might be required by individual clients are available upon request. 

In order to receive these special management reports, clients must 

identifv vendors or enterprises at the time that such transactions occur. 

Amount of additional information needed, however, depends upon the 

detail involved in these supplementary reports. 

FEES 

Fees charged for management services of Alabama Farm Records 

depend upon the program, input, and options selected by each client. At 

present, the standard program is $190 per year, while the comprehensive 

program is priced at approximately $220. Enterprise reports are $5.00 

per enterprise per year on an annual basis or $20.00 per year on a 

monthly basis; other special management reports are priced accordingly. 

SUMMARY 

It is the belief at Alabama Farm Records that management — good 

management — is the key to success in anv business venture. In the past 

few years, farming has seen a transition from labor to capital as the 

major input; this is one evidence of a situation in which the ability to 

manage money takes precedence over skill in raising crops or livestock. 

In the future, major loans will only be granted to the man who has 

developed the ability to profitably manage large debts. Expansion- 

minded farmers of the next decade may have to compete in a city money 

market oriented toward business, ignorant of the pecularities of agricul¬ 

ture and expecting a thoroughly businesslike attitude and approach. 

The manager of the future will have to have records and expert advice 

available on short notice, the type of information that only a detailed 

accounting system can provide. 

Without accurate, complete, and current records, without the time¬ 

liness and accuracy only a computer can give, the instinct and intuition 

of a good livestock or crop producer may not be enough. It is in this 

area that such programs as those of Alabama Farm Records and other 

similar concerns can provide a tremendously valuable service. 
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Collective Bargaining In Broiler Production 

RALPH MEADOWS 

Alabama Farm Bureau Federation 

Montgomery, Alabama 

Broiler growers from across the Broiler Belt have sought the as¬ 

sistance of Farm Bureau to collectively bargain for them to improve 

their economic situation. The broiler industry, it appears, has forgotten 

the very people who have made the industry great. 

Farm Bureau is involved in a Broiler Grower Market Service pro¬ 

gram in some nine states across the Broiler Belt. The broiler production 

in these nine states represents 85 per cent of total U. S. broiler produc¬ 

tion. Farm Bureau represents more than 20 per cent of this production 

in excess of 350 million broilers yearly. 

Farmers have been, in the past, classified as price takers. They 

want to become, through organization, price negotiators. Too long 

farmers have gone to retail firms and asked “what will you take for 

your product?” Then when the farmer markets his goods he asks “what 

will you give me for my product?” Farmers are becoming smaller in 

number while at the same time they are expanding in size of operations. 

They become larger, at least to some degree, out of necessity — the ne¬ 

cessity of economizing. They try to incorporate enough inputs so as to 

reach some economies of scale, which are more readily attained in in¬ 

tensified production of agricultural commodities than in an extensive 

tvpe agriculture. Broiler production, for example, requires small acreage 

but considerable capital and labor. Mechanization associated with econ¬ 

omy of production is directly reflective of the difficulty of obtaining 

inputs such as labor or the alternatives associated with the retention 

of this labor. Generally, larger broiler units are highly mechanized. 

WHY DO GROWERS NEED COLLECTIVE BARGAINING? 

Prices paid for inputs by broiler growers have steadily increased 

while at the same time gross incomes of growers have remained about 

the same or even declined. Recently compiled production cost figures 

revealed that broiler growers find themselves in an increasingly perilous 

economic situation. 

To be able to bargain or negotiate for growers, we have found it 

necessary to establish and substantiate production cost figures. The re¬ 

sults of our cost study1 show that a grower with an uninsulated house 

1 Study based on grower surveys made in Alabama and Georgia supplemented 
by secondary sources. 
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has fixed costs of 0.87 cents per pound and variable costs of 0.74 cents 

per pound, or a total cost of production of 1.61 cents per pound of 

broiler produced. These costs do not include any payment for, or cost 

of, management, operator's labor, or economic profit. A grower with an 

insulated house has fixed costs of 0.93 cents per pound while variable 

costs are 0.78 cents per pound, or total production costs of 1.71 cents 

per pound. These costs do not include any payment for, or cost of, man¬ 

agement, operator’s labor, or economic profit. 

If one accepts these production cost figures, and they have been 

substantiated, then we will establish returns to authenticate profits and/ 

or losses in the production of broilers. If we assume a 40,000 size pro¬ 

duction unit and we further assume the grower receives from contrac¬ 

tor and/or processor payment of 2 cents per pound" his return would be 

$2,383.28 per year. This size unit requires a 40-hour work week. The 

entrepreneur in question would get little more than $1.00 per hour for 

his labor. We feel that his managerial ability qualifies him for more than 

an hourly payment of $1.00. If this grower charged the minimum wage 

for his labor, he would be operating at a loss. If we consider all factors, 

the broiler grower should receive between 2.25 and 2.45 cents per pound 

payment for his productive efforts. 

Professor Hilliard Jackson, University of Arkansas, said recently at 

the annual meeting of American Farm Bureau Federation, “growers 

are the forgotten sector of the broiler industry. Their position is diffi¬ 

cult if not impossible as they face the future unless they are able to 

develop an improved version of contract farming.” 

Broiler growers need help. They have sought and are seeking this 

help through the Farm Bureau’s Broiler Grower Market Service. Grow¬ 

ers are losing money on every pound of broiler they produce under the 

contract system where this contract system pays less than 2.45 cents per 

pound. 

OBGANIZATION FOR COLLECTIVE BARGAINING 

Bargaining in broiler production can proceed or persist in three di¬ 

rections. These directions are as follows: (1) a cooperative type effort 

with broiler growers purchasing stock and establishing their own facilities. 

(2) an all-out, complete, down-the-line unionized operation where 

demands and threats of reprisals exist, or (3) through organization ol 

producers in a collective bargaining framework such as Farm Bureau s 

Broiler Grower Market Service with the express purpose, and dedication 

to and for that purpose, of pursuing reasonable contract terms which 

1 Assume 3.50 pound average weight and mortality and condemnation losses 

of 3% with 4V2 broods per year annual production. 
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more nearly provide the grower an economic portion of the returns for 

production. 

We, in Farm Bureau, believe that we are equipped to accomplish 

this job. We have the organization already representing agriculture in 

areas such as legislation, promotion, affairs affecting dairymen, and 

various marketing activities. The American Agricultural Marketing As¬ 

sociation, the national affiliate of the American Farm Bureau Federation, 

represents some twenty-nine state Farm Bureaus which provide services 

to producers of 22 agricultural commodities. 

We believe that collective bargaining can best be done with a rea¬ 

sonable, economically sound approach. Growers’ interests can best be 

served through organization — an organization over which they have 

control. The Alabama Broiler Grower Market Service program has been 

developed by growers. 

The organization of the Alabama Broiler Grower Market Service in¬ 

volves leadership at the county level. We have some thirty-four par¬ 

ticipating counties where broiler production is of economic importance. 

We have, at the county level, a Broiler Grower Advisory Committee 

composed of members actively engaged in broiler production. Com¬ 

mittee membership includes from five to twenty depending upon volume 

of production within the county, numbers of contractors, and the com¬ 

munity’s contribution to production. County committees have specific 

roles, duties, and responsibilities and are advisory to the county Farm 

Bureau leadership. 

The organization for collective bargaining in broiler production at 

the state level consists of broiler growers from the counties working 

together as the State Broiler Grower Advisory Committee. Committee¬ 

men are responsible to the leadership of the Alabama Farm Bureau 

Federation. 

Nationally, the organization is structured through the American 

Agricultural Marketing Association. Each state has a broiler grower on 

the Advisory Committee. Members represent their state by suggesting 

steps of action and priority problems. It has been seen, then, that plans 

and actions start in the rural communities of the states participating in 

this program across the Broiler Belt. 

ESTABLISHING A FRAMEWORK FOR COLLECTIVE BARGAINING 

We now have established a framework for bargaining in broiler pro¬ 

duction. The fact is a need exists. The question now becomes who will 

bargain for broiler producers and how. 

Throughout the Broiler Belt Farm Bureau went to the people to 

get so-called “grass roots’’ thinking. Broiler growers responded to our 
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call by developing the “12-Point Program.” This was and is our program 

of work. It does not represent all the areas in which we work but it 

does give direction. The “12-Point Program” is the condensed, consoli¬ 

dated, and coordinated result of some one hundred or more problem 

areas which growers felt needed improvement. The program incorpo¬ 

rates such problem areas as follows: (1) increase in income to broiler 

growers, (2) continuity of contracts for growers, (3) allowance for ex¬ 

pansion by growers whose performance efficiency has been average 

or above, (4) encouragement of forward sales contracts, (5) expansion 

of foreign markets, (6) implementation of the farmer-retailer program, 

(7) weighing of chickens as soon as possible and presentation of copy 

of weight ticket to grower, (8) growers are not furnished good quality 

baby chicks, (9) encouragement of coordinated research on new meth¬ 

ods for catching chickens, (10) figuring of feed conversions before 

condemnations are deducted, (11) forwarding of copies of official USDA 

condemnation reports to growers, (12) non-compulsion of growers by 

contractors to purchase supplies from them. These are some areas on 

which we concentrated efforts in 1966. We will continue to concen¬ 

trate efforts in these areas in the future until some real satisfactory 

accomplishments have been made. 

The Broiler Grower Market Service has prepared a “model con¬ 

tract” based on growers’ recommendations and incorporating applicable 

points of the “12-Point Program.” We are not suggesting that the “model 

contract” be adopted “as is” by contractors and/or processors but we are 

suggesting that they can update and improve their contracts by incor¬ 

porating many of the provisions of the “model contract.” 

The “model contract” is for one year and covers at least four batches 

of chickens. Duties of both contractor and grower are spelled out in 

some detail, recognizing the grower as an independent contractor. 

Other contract provisions deal with the contractor’s right of in¬ 

spection and repossession, expansion of production, yardage (covering 

extra payments for birds kept in grower’s poultry house or houses for 

more than nine weeks), condemnations, cancellation, notice of abro¬ 

gation and arbitration. 

Three proposed payment schedules are included. The first two 

payment schedules are based primarily on feed conversion with a guar¬ 

anteed price per pound plus a feed conversion bonus as a reward for 

efficiency. The third system uses the so-called “bracket system." Brac¬ 

ket systems in most cases are quartiled. Growers are ranked with other 

growers selling birds within a specified time period. All three payment 

schedules include a market price incentive. The market price incentive 

starts with an ice packed, dock price, inside mostlv quotation, lb S. 
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Grade A broiler selling for 24.50 cents per pound. This approximates 

the contractor’s cost of production. 

This year the American Agricultural Marketing Association will 

meet with the National Association of Food Chains, National Associa¬ 

tion of Retail Grocers of the United States, and the Supermarket Insti¬ 

tute. Here we hope to gain information for further collective bargaining. 

LEGAL AIDS FOR COLLECTIVE BARGAINING IN 

BROILER PRODUCTION 

We are presently engaged in a campaign to rally legislative sup¬ 

port for the Agricultural Producers Marketing Act of 1967. Producers of 

agricultural products must improve their position for bargaining. Pro¬ 

ducers must be allowed to belong to their association with assurance 

under law that they shall not be denied the right to market their prod¬ 

uct because of membership in such association. This act, when passed, 

will supplement already existing legislation such as the Packers and 

Stockyards Act of 1921 and will expedite court proceedings relative to 

such matters should the need arise. 

A further legal aid is being incorporated in the Broiler Grower Mar¬ 

ket Service program this year in Alabama and several other states. We 

are getting power of attorney of growers. They are giving their power 

of attorney to the program as it relates to their contract poultry opera¬ 

tions. This gives the program the legal right to represent growers in 

bargaining and negotiating. It also gives the program a further com¬ 

mitment of the grower. 

SUMMARY 

We believe that in and through the Broiler Grower Market Ser¬ 

vice program growers can express their opinions and instigate actions to 

improve their economic status. They now have a voice to speak for them. 

Growers have established a framework for collective bargaining and 

have furnished the tools with which to pursue collective bargaining. 

The tool utilized in the past was the “12-Point Program.” In the future 

the “model contract’ will form the basis of our collective bargaining 

power. 

We have the organizational structure which will assist with infor¬ 

mation from the “grass roots” level. This structure also lends its prestige 

in legislative actions, promotional efforts, and marketing activities. With 

increased membership we will have more commitment of resources, 

inputs, and ideas with which to continue pursuing collective bargaining 

in broiler production. 
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On The Derivative Of The Cosine Function 

JULIAN D. MANCILL 

University of Alabama, University 

The author [2] has given a development of the sine and cosine 

functions free of any reference to a two dimensional metric geometry, 

resulting in a truly analytic or “pure” formulation of trigonometry. But 

this involves concepts which are beyond the scope of elementary mathe¬ 

matics (elementary calculus and below), as does all other known purely 

analytic developments. Thus, it seems that at this level one must abandon 

the “purist" approach to trigonometry and resort to the use of elemen¬ 

tary geometry. 

Historically, the trigonometric functions have been developed as 

functions of angle measure in Euclidean geometry with their calculus 

based, for convenience, on radian measure of angles. But this traditional 

approach is avoided, with some clamor, by many writers on the subject 

by defining the trigonometric functions as circular functions of arc 

length along the unit circle, which is equivalent to defining them as 

functions of radian measure of corresponding central angles. In this 

note, we shall illustrate how the historical approach in terms of angle 

measure can be employed to an advantage and need not be avoided as 

undesirable. This will be done by giving a new derivation of the deriva¬ 

tive of the cosine of radian measure of angles independently of the 

derivative of the sine function, and at the same time avoiding the trou¬ 

blesome proof of the property, ^lim^ (sin 9/0) = 1. Although we shall 

restrict our development to radian measure of angles, the procedures 

apply regardless of the unit employed. 

First, we shall exhibit a workable radian measure function of angles 

which establishes a one-to-one mapping from the set of all Euclidean 

angles to the interval of the real line between 0 and rr. From such func¬ 

tions in the literature, we shall choose the one in terms of the area of cir¬ 

cular sectors with corresponding central angles in standard position 

and outline its derivation. Some cogent reasons for this choice instead 

of arc length will be given later. In plane geometry the ratio of the 

area, A , of any circular sector (Figure 1) to the measure, 0, of its cen- 
0 

tral angle equals the ratio of the area of the same semi-circle to the 

measure of the straight angle, or in symbols 

A /e = (7n-72) /s, 
0 

where s is the real number assigned as the measure of the straight angle. 
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Since we shall assume 9 to be the radian measure of the central angle, 

s — 7T and we may choose r = 1 for convenience since r is fixed but 

arbitrary. Thus, we have 

9 = 2 A , 
9 

which we accept here as a definition of radian measure. 

To actually determine the real numbers assigned to 6 by A , we 
0 

express A^ in terms of the definite integral. Since xJ -(- y“ = 1 on the 

unit circle, we have 

% = JV tit + | , -1 ^ x ^ 

where the integral in the first term is the area under the circular arc 

from x to 1 and the second term is the signed area of the related triangle 

OMP. Obviously, the algebraic sum of these two terms is the area of 

the circular sector. Thus, the formula 

e (x) = 2[jv v l—t dt + I vi -xv], -i <; x ^ i, 

determines a unique real number 9 for each value of x, and these real 

numbers are the radian measures of the corresponding angles including 

the null-angle with measure 9(1) = 0 and the straight angle with 

measure 9 (— 1) = 77. 

That there is a single value of x on -1 < x < 1, and a corresponding 

unique angle, for each value of 9 on n > 9 > 0 follows from the fact 

that the derivative 

(1 ) d6*/dx = — 1/VI— xa <0, —1 < x < 1, 

is negative on the open interval and, therefore, 9 (x) is monotone de¬ 

creasing on the closed interval. 

Thus, we have established a formula for the radian measure of 

Euclidean angles, the null-angle, and the straight angle. Consequently, 

we can assign a unique measure 9 to any general angle [1], and con¬ 

versely, as follows: 

9 — n X 7r + a, 

where n is an integer and a is the radian measure of a Euclidean angle 

or the null-angle. Conversely, given any real number 9, there exists a 

unique integer n and a unique number a < tt such that the above equal¬ 

ity is true. In this way we can establish a one-to-one correspondence be¬ 

tween general angles and the real numbers such that each real number 

represents the radian measure of a unique angle, and conversely. 

As usual, we define 

sin 9 — y, cos 9 = x, 
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for all values of 0. It is easily shown that these functions are continuous 

for all values of 0 and satisfy the well-known identity properties. 

Now, the derivative formula for cos 0 can be obtained immediately 

from formula (1) as follows: 

d0/dx = — 1/VI — x' — — 1/yl — cos'd = —1/sin 9, 0 < 9 < v, 

since sin 9 is positive on this open interval, or dx/d0 = — sin 9. There¬ 

fore, we have 

(2) d (cos 9) /d9 = — sin 9, 0 < 9 < tt. 

But the right-hand derivative of cos 9 is — sin 9 = 0, because 

lim [cos (0 + h) — cos 0] / h = — lim sin (ht) 
h—>0+ h—>0 + 

— sin 0 0, 0 < t < 1, 

as follows from the Theorem of the Mean and the continuity of sin 9 

at 9 = 0. Since we know that cos (—9) = cos 9, it follows that the 

left-hand derivative of cos 9 exists at 9 = 0 and equals zero there. 

Therefore, since cos 9 is continuous at 9 0, it has the derivative 

— sin 0 0 there. 

A similar argument shows that formula (2) holds at 9 = tt and 

equals —sin7r = 0 there. Therefore, we have shown that formula (2) 

holds for 0 <_ 9 < tt. But in view of the obvious periodicity properties 

of the sine and cosine functions, we have established formula (2) for 

all values of 9. 

After establishing formula (2), it is easily shown from the obvious 

identity sin" 9 -|- cos2 0 = 1 that 

(3) d (sin 9) /d9 = cos 9 

for all values of 9 and the well-known formulas for the derivatives of the 

other trigonometric functions of 9 follow from those for sine and cosine. 

Note that we have not used the property 

lim (sin 9)/9 = 1, 
9 —►() 

needed in the classical derivation of the formula for the derivative ol 

sin 9. In the present treatment, this property follows from the deriva¬ 

tive of sin 9 at 9 = 0, because 

lim (sin 9) / 9 lim [sin (0 + 9) — sin 0] / 9 d (sin 0) / 
0-* 0 0“> 0 0 0 

d0 j cos 0 I. 

It should also be pointed out that we could have defined our 

measure function 0(x) in terms of arc length along the circle and ob¬ 

tained the same results. However, are length is studied much later than 

area in calculus and is often omitted in short courses in calculus. \lso. 
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in this case, it is necessary to consider an improper integral at x = 1, for 

example, which is a far more advanced concept than those in the Theo¬ 

rem of the Mean employed in the above development. 
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Figure 1 
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The Mathematical Facts Of Life In The 
Aerospace Sciences 

C. C. DEARMAN, JR. 

Marshall Space Flight Center 

Huntsville, Alabama 

I am frequently asked the question: “What kind of mathematics 

is used in the space flight business?” I answer: “Practically all of it." 

There are such esoteric topics in relatively common use as abstract auto¬ 

mata theory, set theory, graph theory, the arithmetic of hypercomplex 

numbers, linear algebra including matrices and determinants, the theory 

of semigroups, calculus, differential equations, topological dynamics, 

potential theory, optimization theory, elliptic functions and integrals, 

orthogonal polynomials, Fourier series, boundary value problems, nu¬ 

merical analysis, the theory of appoximations, differential game theory, 

the topology of differentiable manifolds, exterior ballistics, automatic 

control theory, the stability theory of nonlinear dynamical systems, ce¬ 

lestial mechanics, theory of stochastic processes and many, many more. 

But mostly, it is arithmetic, algebra and geometry. 

Now, the mathematical facts of life in the aerospace sciences might 

as well be termed the mathematical facts of life in the sciences, period, 

because virtually every discipline which can properly be designated as 

a science is a part of that conglomerate of scientific lore which we called 

the aerospace sciences. 

As a device for introducing the mathematical facts of life in the 

aerospace sciences, we shall invent a hypothetical student, a composite 

of many students, whom we shall call Bill Jones. We will follow Bill 

and the evolution of his discoveries of the mathematical facts of life 

from his grammar school days until he matures as an aerospace scientist. 

As Bill progresses from grammar school to junior high school to 

high school to college, he learns more and more about the use of the 

scientific subjects he studies and how they are involved in the evolution 

of his ideas of the world of aerospace. For example, in grammar school 

he sees pictures in his science text book, or on charts that arc used 

in the science class, of the solar system with the orbits of the planets 

shown as eoplanar, concentric circles with the sun at the common cen¬ 

ter. He concludes, quite naturally 1 would think, if lie is not informed 

otherwise and he usually isn’t, that the planets tlo indeed nunc in 

circles around the sun and that the moon moves in a circle around the 

earth as center. He usually has no cause to question the \ aliditx ol these 

conclusions. Also, somewhere in the sixth grade, he might be told ol New 
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ton’s laws of motion and law to gravitational attraction. If he is in a par¬ 

ticularly advanced class, his teacher might even write for him on the 

blackboard, the equations for the second law and the law of gravitational 

attraction since these equations are very simple and elegant. But, at most, 

this phase, at this time, is touched on very lightly and sometimes, 1 

fear, not quite correctly. 

Now our Bill goes to high school and his geometry teacher, per¬ 

haps in hopes of motivating him to take an interest in the study of 

circles and their properties, might mention that it is a good idea to know 

about circles because the paths of the planets around the sun and of 

the moon around the earth are almost circles and as another pretty 

good approximation we frequently think of the earth as a sphere. Thus, 

the meridians and parallels of latitude would be circles. These are good 

and convincing arguments for the importance of the circle, but the 

teacher’s casual remarks about the paths of the planets being “almost ’ 

circles and the earth being only approximately a sphere had not been 

lost on Bill. lie says nothing at the time, but he is a curious fellow and 

he begins to look into encyclopediae or perhaps learn from leafing 

through his physics text book that the paths of the planets around the 

sun are not perfectly round circles. They are slightly flattened circles 

called ellipses and these ellipses have two points called foci lying on 

the longer diameter and the sun lies at one of these foci. He learns that 

the earth is not a sphere at all, but is flattened a little bit at the North 

and South Poles and bulges out a little at the equator. He has acquired his 

first mathematical facts of life in the world of aerospace. Things are 

somewhat more complicated than he had imagined. His mathematical 

model of the world had undergone a considerable change. Now, in his 

physics course, he begins to study more about Newton’s laws of motion 

and law of gravitational attraction. He learns (incorrectly) that these 

laws are the laws of nature. They were discovered by that fantastic 

genius, Isaac Newton, and Bill is taught that they are valid throughout 

the universe. A rifle bullet fired into the air, he is told, will describe a 

parabolic arc during its flight, and this may be attributable to the 

fact that any two bodies in the universe attract each other with a force 

that is directly proportional to their masses and inversely proportional 

to the equare of the “Euclidean” distance between. In his geometry 

course, he is taught that Euclidean geometry is the geometry of nature. 

Who could argue with its axioms and their strong appeal to “common 

sense.” The straight line of this geometry is manifested in the path of 

a ray of light or the path of a particle falling in a vacuum. The points, 

planes and spheres of this geometry are to be encountered in a thou¬ 

sand ways in the world around him. The shock of discovering that 
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what he had been taught in grammar school about the world around 

him was not quite the real situation has subsided and now everything 

appeared to be in order. Again, he was given no reason to doubt that 

the geometrical, mathematical model of his universe was not quite 

correct. And so he goes to college. 

He enrolls in courses in mathematics, physics, and astronomy, and 

one day, perhaps his astronomy teacher casually refers to the motion of 

the sun. Bill is shocked. The teacher must surely be kidding. Bill had 

learned in high school that the sun is a star and everyone knows that 

stars are fixed. But the teacher persists and slowly Bill becomes aware 

of another mathematical fact of life. The sun is not precisely at a focus 

of the ellipse that is the path of the planet. And Bill begins to ex¬ 

perience shock after shock which serves to destroy the entire, nice, com¬ 

fortable mathematical model of his whole universe. He learns that: the 

paths of the planets are not ellipses at all, but are corkscrew shaped 

space curves with all sorts of little wobbles and wiggles in them; con¬ 

trary to what he had been taught in high school, he could see more than 

one-half of the moon; the north star is not exactly at the celestial north 

pole, but has an apparent wobbly motion around the pole; a particle 

in a vacuum does not fall in a straight line; Newton’s laws are not the 

invariable, immutable universal laws of nature, (in fact, his physics 

professor called them simply the axioms of Newtonian mechanics and 

not laws of nature at all); nothing in all the universe is fixed relative 

to anything else; the law of gravitational attraction was not the simple 

equation of his younger college and high school days; he learns that this 

law holds only if the bodies involved are point masses or are perfecth 

homogeneous isotropic spheres, and as our friend George Gobel would 

say: “You just can’t hardly get them kind no more.” The actual force of 

attraction between odd shaped bodies is given by an enormously com¬ 

plicated mathematical expression involving such things as Bessel func¬ 

tions, exponentials, etc., in complicated and bewildering array. 

Bill learns of a man called Einstein and of how his theories ex¬ 

plained some observed phenomena and predicted others which could 

not be explained or predicted by Newton’s theory. For example, lie 

was shocked to learn that light did not travel in a straight line even in 

a vacuum; if it passed through a strong gravitational field, it was bent. 

His theory also provided the way to figure the precise amount ol bend 

ing, and this has been confirmed by measurement. Einstein’s theon 

explained the queer behavior of the perihelion of Mereurv. (For those 

of you who are not astronomers, the perihelion of Mercun is that point 

on Mercury’s orbit that is closest to the sun.) According to Newton’s 

laws the orbit of Mereurv should rotate in a certain wav and Irom these 
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laws one should be able to determine exactly when the planet should 

be at its perihelion. But when astronomers directed their telescopes to 

the position Mercury should have been at time of perihelion, it was not 

there, almost, mind you, but not quite. Einstein’s theory predicted that 

Mercury’s orbit should rotate exactly 43 seconds of arc more per 100 

years than Newton’s. Since this was exactly the amount by which obser¬ 

vations differed from that which Newton’s theory predicted, there was 

strong evidence that Einstein was correct. (For those of you who think 

this matter has finally been resolved, please read the article by Carl 

Behrens in Science News, February 11, 1967.) 

In his college math courses, Bill was also learning vastly new and 

different approaches to old subjects. Some kinds of mathematics he had 

never dreamed existed and most interesting of all, to him at least, how 

this could be used to formulate, in an analytical way, the geometric pic¬ 

ture of the universe about him that had, until then, been the only mathe¬ 

matical model of it he had known. lie was a whiz in calculus and differ¬ 

ential equations and matrix theory and vector and tensor analysis and 

modern algebra. As a matter of fact, he worked nearly every problem 

in his text books and, naturally graduated from college with high honors. 

Then Bill came to Marshall Space Flight Center to begin his career as 

an aerospace engineer. The fact that he had nearly all A’s in his math and 

science courses made him a bit cocky and when he learns that some of 

us got our degrees some thirty odd years ago, he becomes quite sure 

that his first duty is to explain some of the latest results in the new 

math, the new physics, or the new engineering. lie doesn’t realize that the 

reason we haven’t been back to school in a long time is that we have 

been too busy studying. 

So Bill the new employee, Bill the new graduate, is assigned to one 

of us old timers. It is our job to acquaint him with some of the mathemati¬ 

cal facts of life that he is going to have to face up to. We usually start the 

process by explaining to him what problem we are working on and then 

assign him a portion of it to do all by himself and then turn him in the 

direction of the library with instructions to get there post haste and dig 

out everything he can get his hands on concerning the problem. Now, 

usually, one of two things happens: (1) He finds that hundreds of re¬ 

search papers and books have been written on the problem and that 

no one could possibly read them all, or (2) that little or nothing has 

been written about it. Even when there is an abundance of material 

available in the general problem area, Bill will discover, almost invar¬ 

iably, that the authors have made some simplifying assumptions which 

cannot be tolerated in the realistic case he is working on. For example, 

the author might have taken the continuous variable case while Bill’s 
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problem had variables with discontinuities here and there, or there 

was some other disconcerting reason why the results could not be 

used. So Bill returns to his desk after several weeks of work in the 

library “researching his problem” as we say and announces his startling 

discoverv that no one has ever solved the problem we have given him. 

“Ah yes,” we reply, "if it had already been solved it wouldn’t have 

been necessary for us to give it to you to work on, now would it?” Bill 

has learned, in somewhat shocking fashion, one of the most important 

of the mathematical facts of life in the aerospace sciences, namely, 

that most of the problems facing us haven’t been solved before. We 

can’t find them in the text books; we don’t even know when we begin 

precisely what the problem is and we certainly don’t know whether it 

has a solution. And even if the problem has a solution, we still must 

find it. These are some of the mathematical facts of life in the aero¬ 

space sciences that Bill Jones learns. He learns that, unlike his school 

courses in mathematics, definitions, for example, are not provided bv 

some oracle from on high; he learns that he, Bill Jones, must provide 

the definitions for new concepts; that these definitions cannot be arbi¬ 

trary statements which adhere logically to the accepted rules for defi¬ 

nitions, but additionally, they must be meaningful and useful. For ex¬ 

ample, not long ago he was called into the boss’s office and was told 

that he should begin work on developing a mathematical theory of the 

sensitivity and stability of guidance systems for space vehicles that 

would be useful in predicting how well the guidance system would work 

in case of severe disturbances due, say, to thrust misalignment, over¬ 

weight vehicles, less than normal engine performance, etc. He talked 

with his boss for awhile about the problems involved and then asked 

him — by now he should have known better — exactly what he meant 

by sensitivity and stability of a guidance system. “That,” the boss said, 

“is one of the things you are to find out.” You can see that there are 

some advantages in being the boss. What the boss wanted him to do, 

of course, was to help decide what the definition should be, to evolve a 

simple and, most of all, a useful definition from the original vague and 

preliminary ideas to which he had given expression during their talk 

and this is a very difficult thing to do. Yet, every definition, even axiom, 

every theorem that exists in mathematics today came into existence b\ 

much the same sort of evolutionary process as Bill would come to use. 

And Bill Jones is learning very rapidly that he is now in the business ot 

creating new ideas and new problems and new concepts and not just 

involved in the mastery of old ones. He is becoming a mature aerospace 

scientist. 
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Polarization Of Conduction Electrons 
In Fe-Sn Compounds 

A. H. WERKHEISER and J. O. THOMAS 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

and 

Physics Department, University of Tennessee 

Recently theoretical and experimental interest has arisen in deter¬ 

mining the correct sign of the polarization of conduction electrons in 

pure iron and its compounds (1, 4, 7, 9, 11, 12). Presently it is held that 

the polarization of conduction electrons is negative (or opposite to the 

magnetic moment of the atom) for pure iron and its alloys containing 

only small concentrations of impurities. We deduce here from the isomer 

shift and the hyperfine magnetic field measurements the sign and the 

magnitude of the conduction electron polarization. Isomer shifts and 

hyperfine magnetic fields were measured in Fe3Sn and FeSn utilizing 

the Mossbauer effect. Both Fe’7 14.4 kev, and Sn"" 24 kev r-transitions 

were used. Other authors reported measurements on pure Fe (2), 1% 

Sn in Fe (12), 4% Sn in Fe (10), and FeSn2 (6). The results of our 

measurements in Fe3Sn and FeSn are summarized below. 

Fe3Sn 

Hcff in Fe 331 ±9 

Heft in Sn 16.8±2.1 

Isomer shift in F —0.24±0.04 

Isomer shift in Sn —0.60±0.05 

FeSn 

kOe 

kOe 

mm sec1 

mm sec' 

154 ±5 

15 ±2.0 

0.12±0.05 

0,55± .11 

The isomer shifts are relative to Fe'7 in pure Fe and Sn"" in pure 

(white) Sn, respectively. 

We used our isomer shift values to determine (8) the number of 

5s electrons in Sn" ' for the various compounds of tin. Subsequently we 

calculated the number of 5p electrons in Sn “ assuming that the ratio 

(3) of 5p to 5s electrons remains the same as that of pure tin. From 

this, the change of 3d and 4s electrons per one Fe'7 atom in the com¬ 

pound in relation to an Fe'7 atom in pure iron can be obtained. We as¬ 

sume here that each additional 3d electron in iron screens a 4s electron 

from the nucleus. Under this assumption, the Fe57 isomer shift data 

combined with the change in 3d and 4s electrons (the latter being de¬ 

rived from the Sn110 isomer shift) enable us to determine uniquely the 

number of 3d electrons and 4s electrons for each Fe-Sn compound. 
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Although the contributions to the nuclear magnetic field in iron 

are numerous, the most important ones are given by the Fermi contact 

terms of the s electrons. Because of the exchange interaction between 

the 3d electrons and the various s electrons in iron, these contact terms 

are non-zero. Through the exchange interaction, the first 3s shells give 

a negative while the 4s shell makes a positive contribution to the nu¬ 

clear magnetic field. 

The FeST magnetic moment includes the moments of the 3d and 

the 4s shell, the latter contributing proportionally to the polarization of 

the 4s shell. Furthermore, the contribution of the 4s shell to the nuclear 

magnetic field can be expressed by 

Heff — P : <M0) f 

where p is the polarization and i//4s(0) L' has been determined from the 

isomer shift measurements. 

Now we assume that the Fermi contact contribution of the first 

3s shell is proportional to the magnetic moment of the 3d shell. Using 

this assumption, the hyperfine field data, and the values derived from 

isomer shift measurements, we calculate the magnetic moments of the 

3d and 4s shells individually, and also obtain both the sign and the 

magnitude of the 4s shell polarization: 

Fe Fe(1%Sn) Fe (4% Sn) Fe3Sn FeSn FeSn2 

p -0.2U -0.203 -0.182 

±0.009 

-0.186 

±0.009 

0.140 

±0.010 

0.138 

±0.005 

We see that only the last two values for the two antiferromagnetic 

compounds show a positive polarization. According to the theory, the 

exchange interaction between 3d and 4s electrons causes only a nega¬ 

tive polarization. Taking into account the s-d hybridization (the mixture 

of two pure s-d states) Mott concludes (5) that its effect is opposite to 

that of the exchange interaction. This indicates why both negative and 

positive polarizations may be encountered experimentally. 

1 Value obtained from reference (5) 
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Helminth Infections In The Jivaro, Cayapa, 
And Quechua Indians Of Ecuador1 

FRANK V. BATTLE, EDWARD IZQUIERDO, and CARL F. DIXON 

Department of Poultry Science, School of Veterinary Medicine, and 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

INTRODUCTION 

An expedition was made to eastern Ecuador in the summer of 1966 

for the purpose of studying various forms of animal life. The climate 

there is humid and tropical, with an average annual rainfall in excess 

of 100 inches, and temperature extremes from 19 to 35° C. In jungle 

regions the soil is dark and moist, hence facilitating spread of parasites 

and contagious diseases. A total of 13 fecal samples was obtained from 

the aboriginal Jivaro, Cayapa and Quechua tribes by Edward Izquierdo. 

MATERIALS AND METHODS 

The fecal samples were collected fresh, preserved in 10% formalin, 

and brought back to Auburn in 1 dr. vials. The contents of each vial were 

stirred vigorously with a wooden applicator stick to uniformly distribute 

the feces throughout the solution. Two or three drops of the solution 

were than placed on a glass slide and covered with a glass cover slip. 

The entire field was scanned at 100X, and all eggs were diagnosed at 

400X and measured with an ocular micrometer. Three slides were made 

from each sample. 

RESULTS 

Ova of parasitic helminths were found in 9 of the 13 samples and a 

total of 3 different helminth species were identified. Ascaris liimbricoidcs 

ova were found in 5 of the 13 samples (38.5%) and measured about 60 

by 42 j±. Necator americanus was identified from 5 samples (38.5%) and 

the eggs averaged 70 by 42 /jl. Trichuris trichiura ova were found in 6 

samples (46.2%) and averaged 50 by 25 /a (Table 1). 

1 This research was supported in part by a Grant-in-Aid ot Research from 
the Society of Sigma Xi and also from Grant No. 497, Bacho Fund ot the 
National Academy of Sciences. 
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This study was not an attempt to extensively describe the parasite 

burden of the Indians. It does indicate, however, that there is a need 

for further studies, particularly when one considers that 9 of the 13 

samples (69.2%) were positive. Five of the individuals exhibited 1 or 

more species each, including a 3-year-old child with 3 species. 

Table 1. Fecal examinations showing types and relative numbers 
of helminth ova 

Age of 
Sample 
number 

individual 
in years Sex Tribe Asearis 

Results' 
Neeator Trichuris 

1 4 Male Quechua 0 + + 0 
2 3 Female (ivaro + + 0 0 

3 2 Female [ ivaro 0 + 0 

4 20 Male Jivaro 0 0 0 

5 24 Male | ivaro 0 0 0 

6 20 Female [ivaro 0 0 + + 
i 20 Female [ivaro 0 0 0 

8 3 Male [ivaro + + + + + + 

9 1 Female [ivaro 0 0 0 

10 5 Female Cayapa + + + 0 + + + 

11 25 Male Cayapa 0 + + 

12 4 Male Cayapa + + 0 + + 

13 22 Female Cayapa + + + + + + + 

* 0= negative 

+ -very light infection 

+ + = light infection 

+ + + moderate infection 



INSTRUCTIONS FOR CONTRIBUTORS 

Editorial Policy: 

Papers to be considered for 
publication in the Journal of the 
Alabama Academy of Science may 
be submitted by either Academy 
or non-Academy members at any 
time during the year. Publication 
priority, however, will be given 
to material submitted by mem¬ 
bers of the Academy. All papers 
will be judged by a review board 
on the basis of the materials pre¬ 
sented and the interpretation or 
analysis made of these materials. 

Abstracts of any annual meet¬ 
ing papers not to be published as 
a complete paper in the Journal 
should be given to the appropri¬ 
ate section chairmen by the close 
of the annual Academy meetings. 
These abstracts will be reviewed 
and processed by the Editor in a 
manner similar to established pro¬ 
cedures for complete papers. 

Any major professional work 
under Alabama authorship should 
be called to the attention of the 
Editor in the interest of obtaining 
an appropriate review of the work 
for the Book Review Section of 
the Journal. 

Manuscripts: 

Manuscripts should be typed 
double-spaced, allowing good 
margins. An original and one 
copy should be submitted to the 
Editor. Captions and legends for 
figures should be typed on sheets 
separate from the text. The list of 
cited literature should also be 
typed double-spaced on sheets 
separate from the text. The title 
of the paper should be as short 
as is consistent with clarity. Pri¬ 
mary divisions may be indicated 
by central headings and subdi¬ 
visions by italicized captions at 
the margin. Conventional profes¬ 
sional form relative to quality of 
expression, tense, person, etc., 
should be employed. Abstracts of 

papers should not exceed 250 
words including any literature ci¬ 
tations, and should not include 
illustrated materials except where 
absolutely necessary. 

Figures and Tables: 

All figures and tables should 
be numbered consecutively with 
legends included. Illustrations 
(including tables) should be 
planned to occupy the entire 
width of a page (4V2 inches), 
and any portion of the height 
(7 inches). Original photographs 
should be submitted as clear 
black and white prints on glossy 
paper; these should not be bent 
or folded, and paper clips should 
not be used. 

References: 

References to literature should 
be cited by a Literature Cited 
reference number. The citations 
should be arranged alphabetical¬ 
ly by author under the heading 
Literature Cited. Complete refer¬ 
ence is necessary and the ar¬ 
rangement should be as follows: 
Green, H. D., Kenneth Ottis, and 
Thomas Kitchen. 1960. Autonomic 
stimulation and blockade on ca¬ 
nine splenic inflow, outflow, and 
weight. Amer. Jour, of Physiol¬ 
ogy 198: 424-428. 

Proofs and Reprints: 

Galley proofs will be sent to 
authors, and the corrected proofs 
and reprint orders should be re¬ 
turned to the Editor. Page proofs 
will be sent to authors only when 
necessary. Cost of reprints will 
be indicated at the time proofs 
are mailed. Correspondence con¬ 
cerning the publication of papers, 
etc., in the Journal should be ad¬ 
dressed to the Editor. Correspon¬ 
dence relative to obtaining copies 
of the Journal should be address¬ 
ed to the Archivist. 









) 

p,Lr^E pp,*,“ w*'*' 

) r 

'**Vf 

5~* & Q (y~(o t! p~ 

THE JOURNAL 

OF THE 

ALABAMA ACADEMY 

OF SCIENCE 

AFFILIATED WITH THE 
AMERICAN ASSOCIATION FOR THE 

ADVANCEMENT OF SCIENCE 

Office of the Editor 

Auburn University 

Auburn, Alabama 

VOLUME 39 APRIL, 1968 NUMBER 2 

LIBRARY I 

OF THE 
AMERICA* MUSEUM | 

OF 





THE JOURNAL 

OF THE 

ALABAMA ACADEMY 
OF SCIENCE 

AFFILIATED WITH THE 
AMERICAN ASSOCIATION FOR THE 

ADVANCEMENT OF SCIENCE 

VOLUME 39 APRIL, 1968 NUMBER 2 

EDITOR ARCHIVIST 
Robert T. Gudauskas Clyde H. Cantrell 

Auburn University Auburn University 

EDITORIAL BOARD 
Joseph C. Thomas, Chairman 

Florence State College 

Lowell Wilson Paul H. Nesbitt 
Auburn University Maxwell AFB 

Montgomery 

E. L. McGraw, Auburn University, Editorial Consultant 

The Journal of the Alabama Academy of Science is published four times 

a year and is sent without charge to all members of the Academy. 



Contents 

ARTICLES 

Application of Finite Element Methods to Solution of 
Stress and Diffusion Problems of Continua 

John ]. Brisbane, Eric B. Becker, and Charles H. Parr 75 

Tailoring Engineering Properties of Polymeric Materials 
J. N. Majerus 94 

A Mathematical Model of Enzymatic Behavior 

John M. Mnrr ay, Jr. 110 

Truss-Rafters with Glued Wood Corner Joints 
D. B. Richards 119 

An Empirical Analysis of Recent Economic Growth Trends 
Around Birmingham, Alabama 

J. Barry Mason and Lyndon E. Dawson, Jr. 130 

The Role of Alabama’s Labor Force in the 

State’s Economic Growth, 1940-60 

G. T. Stewart 136 

Turbulence Interpreted as Flow-Amplified Irregular Motion 
B. Steverding and Siegfried H. Lehnigk 143 

Some Findings Concerning Life Science Concepts of 

Elementary School Pupils 
D. F. Butler 147 

A Plea for Byzantine Studies 
George R. Monks 153 

The Negro and Alabama Baptists During Progressive Era 

Wavne Flynt 163 

Effective Potentials of Defect Aggregates in Ionic Crystals 
Romas A. Shatas and John D. Stettler 16S 



Solution of Stress and Diffusion Problems of Continua 75 

The Application Of Finite Element Methods 
To The Solution Of Stress And Diffusion 

Problems Of Continua 
John J. Brisbane, Eric B. Becker1, and Charles H. Parr 

Rohm and Haas Company 
Huntsville, Alabama 

INTRODUCTION 

In recent years the concept of discretization of continua by the 

use of finite sized elements, rather than finite differences, for the nu¬ 

merical solution of complex physical problems has rapidly been gaining 

attention. In this paper the finite element approach taken by the authors 

in solving problems of stress analysis and heat conduction is outlined. 

Specifically, first, a general introduction to the concepts as developed 

for structural analysis is given. Then the direct stiffness method is out¬ 

lined and the formulation of stress problems by use of a variational prin¬ 

ciple is discussed. A description of computer programs written to effect 

the solution of stress problems for plane and axisymmetric, heterogeneous, 

anisotropic, elastic continua with loads of thermal gradient, surface trac¬ 

tions, body forces and/or specified displacements is given. The particu¬ 

lar case of non-axisymmetric loading of axisymmetric bodies is included. 

Examples of such problems are given. Finally, a description of the appli¬ 

cation to heat conduction in two dimensional anisotropic bodies is given, 

along with a simple example. 

The early development of matrix methods is typified by the work of 

Argyris [1] and Denke [5]. The finite element method was described 

by Turner, Clough, Martin and Topp [14] and the direct stiffness meth¬ 

od by Turner [13]. Studies of the application of the finite element, di¬ 

rect stiffness method are given by Wilson [16, 17], Tocher [11], Rashid 

[9], and Percy Pian, Klein, and Navaratna [8]. 

DIRECT STIFFNESS METHOD 

The direct stiffness method can be described most readily as a 

variational procedure. The variational formulation of a boundary value 

problem starts with a functional whose arguments are the vector and or 

scalar fields which constitute the primary dependent variables, lb' meth¬ 

ods of the variational calculus it can be shown that the particular fields 

(i.e., functions) which extremise the given functional are the ones which 

1 Presently Assistant Professor of Aerospace Sciences, University' of Texas, 
Austin, Texas. 
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satisfy the field equations of the given problem. In linear problems of 

mathematical physics, the appropriate functionals are quadratic forms in 

the dependent variables. A form for the unknown functions which de¬ 

pends linearly on a finite set of unknown parameters is then assumed. 

The problem of minimizing the given functional with respect to the set 

of unknown parameters yields a system of linear algebraic equations in 

the parameters. For example, the application of this procedure to the 

problem of transverse vibrations of thin elastic plates was made by 

Rayleigh and later extended by Ritz. 

The direct stiffness method is a systematic procedure for the appli¬ 

cation of the Rayleigh-Ritz method to the solution of the boundary value 

problems of structural mechanics. The method is applicable to both ar¬ 

ticulated and continuum structures, subjected to static or dynamic load¬ 

ings, whose response may be either elastic or time and/or rate dependent. 

In application of the direct stiffness method to classical elastic, quasi¬ 

static problems the potential energy of the body, or, as is done here, a 

modification of it, is taken as a functional of the displacement field within 

the body. Formal variational operations show that out of all smooth 

vectors fields which satisfy the constraints (e.g., boundary conditions) 

required of the displacement field, the one which yields a minimum 

value for the functional is also the one which satisfies the equations of 

equilibrium of the body. For continua problems, the region of interest is 

approximated by a set of simple subregions called finite elements which 

are usually taken as geometrically simple as possible, e.g., triangular or 

quadrilateral for planar regions or tetrahedral for three-dimensional re¬ 

gions. Within each element the displacement field is assumed to have a 

known form, usually a polynomial in the coordinates. The assumed dis¬ 

placement function in an element can be related to the displacement at 

some particular points (usually the corners) of the element. These points 

are called nodal points. The required functional for the region can be 

calculated as a quadratic function of the nodal point displacements. Thus 

the minimization of the functional is reduced to the solution of a system 

of algebraic equations in the unknown nodal point displacements. 

These equations are the stiffness relations for the body and the coeffic¬ 

ient matrix is called the stiffness matrix. For convenience in data han¬ 

dling and computations, the calculations of the coefficients and non- 

homogeneous terms in the linear system of equations to be solved are 

carried out for each element in turn. These elemental stiffness relations 

are then combined by using the condition that the displacement of any 

given nodal point must be the same in all elements connected to the node. 

The resulting structural stiffness relations are then modified to account 

for any specified displacements or loads, and the resulting system is 
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solved for the nodal point displacements. The strain and thence the stress 

fields are inferred from the calculated values of nodal point displace¬ 

ments. 

The essential step in a finite element direct stiffness analysis is the 

determination of the appropriate element stiffness relation. The exact 

determination of element stiffnesses for other than one-dimensional ele¬ 

ments is impossible. Justifiably then, a good deal of effort has been ex¬ 

pended investigating various ways of obtaining approximate stiffnesses. 

While maximum accuracy in a given element is desirable, the overall 

accuracy of solution depends strongly on the fineness of the element 

spacing. Thus a sophisticated and highly accurate element stiffness whose 

calculation requires both extensive machine time and storage might well 

prove less effective overall than a cruder but simpler element stiffness 

which allows a finer mesh thus achieving the desired accuracy more 

efficiently. 

After the stiffness relation for the general element has been obtained, 

the problem arises of how to utilize it most efficiently in the procedures 

for assembling elements, modifying the resulting relations for imposed 

boundary conditions, and finally solving the resulting system of linear 

algebraic equations. The last of these procedures takes precedence in 

consideration of possible schemes, since the solution of linear systems of 

the order required to represent complex regions (on the order of a few 

thousand equations for two-dimensional geometries) is more than a rou¬ 

tine task for present computer capacities. Various solution schemes which 

utilize certain special characteristics of the coefficient matrix have been 

used successfully in computer programs for the finite element, direct stiff¬ 

ness method. The sparseness of the coefficient matrix has led to the use 

of an iterative method of solution [16]. The band character of the co¬ 

efficient matrix has been exploited by the application of modifications of 

elimination techniques. The particular form of coupling between sub¬ 

systems of equations has allowed the decomposition of the coefficient 

matrix into block-tridiagonal form and subsequent solution by elimina¬ 

tion techniques [9]. 

The block-tridiagonal decomposition has been found to be an efficient 

method and is used in the present work. The choice of this method is 

arbitrary to a certain extent, but the choice of the solution scheme is 

central in the program development since different solution techniques 

require that the large amount of information that represents the system of 

equations be organized and stored in different forms. The arrangement 

of nodal points (and hence elements) in a regular array through the both 

is of great assistance in the efficient utilization of the block-tridiagonal 



78 Journal of the Alabama Academy of Science 

solution scheme and also is beneficial in the reduction of the amount of 

data which must be input, stored, and processed by the computer. 

The element stiffness development described here, and in more de¬ 

tail in [4], reflects a compromise between the goals of highly accurate 

and effectively useful stiffness relations as well as between the desir¬ 

ability of regularity of nodal arrangement and the necessity for sufficient 

flexibility to fit arbitrary shaped regions. 

Description of Variational Principle 

The usual field equations and boundary conditions of classical elas¬ 

ticity constitute a properly posed boundary value problem, i.e., one 

with a unique solution which depends continuously on the parameters 

of the problem, for finite, positive values of the Lame' constants K and 

p. In terms of the tensile modulus E and Poisson’s ratio v, for real ma¬ 

terials these constraints correspond to E > 0 and 0 < v < 0.5. For in¬ 

compressible materials (v = 0.53, the stresses and hence the equilibrium 

conditions are not expressible in terms of the displacement gradients 

alone, and any strictly displacement formulation of the boundary value 

problem must be modified. This situation might seem to be of small 

practical interest since there are no known materials which are not at 

least somewhat compressible. The fact is, however, that the numerical 

solution of displacement formulated problems becomes increasingly 

difficult as v approaches the value of 0.5, which is the case for some 

materials of interest. The algebraic systems resulting from the finite 

difference approximation to the Navier displacement equations of equi¬ 

librium and from the direct stiffness method in terms of displacements 

alone are increasingly ill-conditioned as v approaches 0.5. For descrip¬ 

tions of this effect see [9] and [7], 

The reformulation of the field equations for the incompressible case 

is well known as is the reformulation of the variational principle [12]. 

Recently, Herrmann and Thoms [7] and Herrmann [6] have given 

modifications which make near-incompressible problems formulated in 

terms of displacements amenable to numerical solution techniques. 

The variational principle proved in [6] is utilized here. For the 

case of generalized plane strain in the Cartesian coordinate system 

(x, y, z) in which the loading as well as the geometry depends only on 

the x and y coordinates and the strain in the z direction is taken to be 

constant, the functional described by Herrmann takes the form 
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n(U,H) = 2vH(e + ej - v(l-2v)H2 - 6veTH - 2eT ej 

- uTf J dV - ^ UTg < )dB . (1) 

d> = e2 + e2 + 2 y2 
^ x y xy 

e = € + € , 
x y 

T n 
J = UyJ, the displacement vector, 

^ f^/J, t^ie body force vector, 

= [],PX» PyJ » the boundary traction vector, 

f = V olume of element Az thick, and 

i = Boundary of element Az thick. 

The variable H is proportional to the mean pressure and is defined 

through the stress-strain relations 

r. . = 2u(vH6. + - e_6 .) 
ij ^ iJ iJ T ij' 

(2) 

where 6.. is the Kronecker delta, ll is the shear modulus, 
iJ 

ratio, r.. are the stresses, €. . are the strains, andem = 
iJ ij T 

ar(T) is the coefficient of linear thermal expansion. 

v is the Poisson's 

\ «r(T) dT where 

As an example this functional is used below to develop the stiffness 

relations for a generalized plane strain finite element. The development 

for axisymmetric elements is given in [4], and a plane stress stiffness 

may be obtained by altering the stress strain law used in the generalized 

plane strain development. 

Development of a Typical Element Stiffness 

Consider the prismatic element shown in Figure 1 referred to a 

Cartesian (x, y, z) coordinate system. The loading as well as the geom¬ 

etry is assumed to be independent of the z-coordinate, and there results 

a state of generalized plane strain in which all the stresses and strains 

as well as the in-plane displacements are coordinate dependent only on 

x and y. The value of strain normal to the cross section, namely e*, is 

thus constant over the cross section. Figure 1 shows the cross section a 

typical element referred to the (x, y, z) coordinate system. The ele¬ 

ment has a unit thickness in the z direction. 
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Figure 1. — Plane strain triangular element. 

The basic approximations of the finite element method are now intro¬ 

duced. These approximations consist of the assumptions of the functional 

forms of the various field quantities. The assumption that the displacement 

field U(r, z) varies linearly throughout the element is expressed as 

Ux (X, y) 1 x y 0 0 0 

uy(x.y) 0 0 0 1 x y 

with a. = constant, or, in symbolic form, 

(3a) 

U(x, y) = g)(x,y)a (3b) 

The assumptions are also made that the variable H, the thermal load e^,, 

and the body force components f^ and f are constant over the element. 

Finally the surface tractions p and p are assumed constant over the 
x y 

i-j face of the element. 

The in-plane displacements of the nodal points form the components 

of the vector u defined by 

T 
u f U. , V . , U ., V 

L 1 1 j j V (4) 

The vector field U(x, y) is expressed in terms of the nodal point 

displacements by the following scheme. Evaluating U(x, y) at each node 

in turn and equating to the appropriate nodal point displacement gives 
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?(*i- y±) 

J(xk-V_ 

or, symbolically, 

A *g = u . 

— " 

Ol u. 
1 

V. 
1 

<*3 u. 

J 
a4 V . 

J 

05 
Uk 

_ Qj _ 
-vv“ 

Solving (5) for a in terms of u, gives 

8 = A u , 

(5a) 

(5b) 

(5) 

where the matrix A is called the displacement transformation matrix. 

The strain displacement relations for plane strain are written in 

the (x, y, z) coordinate system as 

xy 

_a_ 

9x 

1 JL 
2 9y 

9 
9y 

_1 _9 

2 9x 

U (x,y) 

U (x,y) (7a) 

e = D u . (7b) 

Substitution of (3b) and (6) into (7) yields 

€ = D fg A u . (8) 

For convenience the matrix product D(g will be referred to as the matrix 1 . 

The scalars $ and e appearing in (1) may be written in terms of the nodal point 

displacements u as 

T T T T 
<3? = £ Ie = u A <g' l<£' A u (9) 

T T 
e=J £ = J <£' A vl , 

and 

(10) 
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where 

, and ,JT = [ 1 1 0] 

Using (9) and (10), the functional dependence of II on the nodal point dis¬ 

placements and the constant value of H is given by 

1 0 0 

0 1 0 

0 0 2 

n( 
Ul T T T T T T 

pj^y A (g>' ) I <g‘ A u + 2vH (u A (<£' ) J + €^) 

v(l-2v)H2 - 6v e H - 2 e uT AT (^7' )T J ] 
T T T I f TTT 

u A tp £ > dv - \ u A g da (H) 

The variation of the functional II with respect to the unknown y and H is 

set equal to zero and gives 

sn 
an 
3u = 0 , 

which for arbitrary 6u and 6H implies that 

ail ~ o 
8u 

an 0 
3H 

Substitution of (11) and (12) yields the conditions on u and H for the eouilibrium 

of the element. These conditions, called the stiffness equations for the element, 

have the form 

—
1

 

a
*

 

K,f U F 
~ u 

kt *M2 K22 H 
fh 

_ - _j _ 

where 

Kn = 2pA {(£' )^ \ <£' A 

Ku = 2pv A AT (<p')T J 

K22 = - 2pv (1- 2v) A 

= 2p A eT AT (g>' )T J + ATb + t F 
~ u 
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and 

F 
H 

A (3ex - ej . 

In the above the symbol A represents the cross sectional area of the element, 

and b and t are as defined below. 

— 

F -P b. + P a. 
X “ J t j 

xF r P a. - P b 
X n J t j 

yF i -P b + P a 
X da , and t = 

2/ 
n j t j 

F / P a. - P b 
y Uc n J t j 

xF 0 
y 

0 

In the formula for ]^f l is the length of the i-j face, P is the applied normal 

pressure on the i-j face of the element and P is the applied shear traction on 

the i-j face, and the integration is over the i-j face. The indicated in¬ 

tegrals can be evaluated in closed form without difficulty. 

For ease of data preparation, the computer programs utilize a quad¬ 

rilateral element made up of 4 triangular elements. The displacement 

of the nodal point in the interior of the quadrilateral element and the 

quantity H are referred to as ignorable unknowns because they are not 

affected by any other element to which this element is joined. There¬ 

fore, these ignorable unknowns may be eliminated through the stiffness 

relation for the quadrilateral element by solving for them in terms of 

the displacements at the four corners. This leaves a stiffness relation for 

the quadrilateral which involves only the forces and displacements at 

the four corners. 

Description of Stress Analysis Computer Programs 

This section of the paper is descriptive of the results of an effort 

to develop an accurate user oriented, and reasonably general purpose 

system for the linear, infinitesimal, elastic, quasi-static stress analysis of 

continua. The results are embodied in a sequence of computer programs 

which have subsequently found wide usage in such areas as the stress 

analysis of teeth, reentry nose cones, and adhesive joints. They are writ¬ 

ten in FORTRAN IV language for the IBM 7094 computer. A com¬ 

plete documentation of these programs can be found in [4]. 

The programs were developed for two dimensional geometries — 

either axisymmetric, plane stress, or plane strain. The geometry is other- 
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wide arbitrary except that it must be satisfactorily approximated by a 

maximum of about 1400 quadrilateral continuum elements and/or 49 

shell elements, resulting in a piecewise linear approximation of the 

boundary. The distribution of loads, consisting of applied surface trac¬ 

tions, body forces, and thermal gradients, is likewise arbitrary. The 

elastic constants may vary from element to element giving the capacity 

to analyze heterogeneous materials or bodies composed of several ma¬ 

terials with no programming difficulties and only slight increases in 

data preparation. Subsequent to the development detailed in [4], an 

anisotropic elasticity matrix has been included for a material with one 

plane of symmetry, i.e., 13 elastic constants. Further extension to non- 

axisymmetric loads, which are expressible as a Fourier series in the cir¬ 

cumferential coordinate, acting on isotropic, axisymmetric bodies has 

been made in [3], This yields a solution in which all of the harmonics 

are determined independently of each other allowing the solution of one 

two dimensional problem for each harmonic needed to express the 

loading. Then the resulting harmonics of the stresses, strains, and dis¬ 

placements are combined to give the complete solution. 

Throughout this development user utility was emphasized. A 

scheme for internal generation of the finite element grid was included 

so that only the boundary and material interface geometry need be 

specified in the input data. Other input data—material properties, boun¬ 

dary conditions, and loadings—are related to the nodal points of the 

finite element grid. The ouqmt of these programs consists of stresses and 

strains in the finite elements and nodal point displacements. Provision 

to reduce the output to graphical form has been made by appropriate 

coding for the plotting of stress and strain contours and of the displaced 

geometry by automatic plotting machines. 

Examples 

Two categories of example problems are included: (1) problems 

to which a closed form theoretical solution exists so that comparisons 

between results can be made, and (2) a problem which demonstrates 

the complexities of geometry, load, and materials which can be handled 

by the finite element computer programs. 

Figure 2 shows the region of an elastic half-space which was con¬ 

sidered in the solution of the Boussinesq problem (i.e., point load nor¬ 

mal to the half-space). In the solution of this problem, displacement 

boundary conditions were imposed on the nodes along the sides B and 

C of the region shown in Figure 3. The problem was solved using the 

exact values of the specified displacements and again using zero values. 

The numerical solutions of these two problems were essentially the 
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same, due, no doubt, to the fact that the exact displacements at the 

chosen boundaries are quite small. Figure 2 also shows the theoretical 

contours of maximum shear stress and the calculated points correspond¬ 

ing to these contours. The agreement between the exact and calculated 

contours is generally quite good, in the sense that contours drawn 

through the calculated points (with some judicious hand smoothing) 

would closely approximate the exact contours. In fact, except for the 

region farthest from the load, which is a region of very low stress, the 

calculated points fall closer to the exact contours than the nodal point 

spacing at these points. 

Figure 2. — Contours of maximum shear stress for Boussinesq problem. 
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Boundory Conditions 

u=-0375 +.079166 cos 0, in z =0 

v = w = 0 b='° 

/3=O.225cos0,z =0 

/3 =-0.225 cos 9, z = 10 

Properties 

E = l000psi 

v*025 

Figure 3.—Tube under internal pressure and transverse body forces. 

The second example illustrates the accuracy of the shell elements 

and the asymmetric loading of axisymmetric geometries through the 

solution of a right circular, cylindrical tube supported on its ends and 

subjected to internal pressure and a transverse body force. This solu¬ 

tion required the use of the zero and first harmonics. Figure 3 shows 

the finite element idealization of the tube and the comparison of some 

harmonic coefficients from the computer program and the analytical 

shell solution. 

Figure 4 shows the grid used for the problem of the internal pres¬ 

surization of a star-perforated infinite length cylinder. The part of the 

cross section shown in Figure 4, bounded by two lines of symmetry 

was treated as a problem in plane strain. Figure 5 shows contours of 

maximum shear stress for this problem. 
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Figure 4. — Grid for pressurized, ease-bonded, star-perforated cylinder. 

APPLICATION TO HEAT CONDUCTION 

The method, like the solution for boundary value problems, begins 

with a suitable functional, the minimization of which will satisfy field 

equations and boundary conditions which, in this case, are for heat 

conduction in a thermally anisotropic, non-homogeneous solid. After 

expressing the temperature throughout an element in terms of nodal 

point temperatures, the functional is written in terms of these nodal 
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point quantities. When the first variation is performed on this functional 

an element matrix equation results which can be assembled into a matrix 

equation for the entire body. An algorithm is devised for the solution of 

this equation at arbitrary time intervals. These results were specialized 

for an assumed linear temperature distribution in each element and 

for a two dimensional geometry. The solution is demonstrated for a 

problem with a complex geometry. 

Formulation of the Variational Principle 

Let II, a functional of the temperature field U (x, y, z) and the 

time derivative of the temperature field U (x, y, z), be defined by1 (13). 

n(u,u) = u>i kij u’j + pcU^ * QUJ dV 

- ^ n.q. U dS (13) 

where 

V = volume of the region, 

S = boundary of the region, 

k. . = k .(x, y, z) = thermal conductivity tensor, 
iJ iJ 

c = c(x, y, z) = specific heat, 

p = p(x, y,z) = density, 

Q = internal heat-source density, 

q = heat flux vector across a boundary, and 
l 

n = unit normal vector. 
l 

A comma denotes differentiation with respect to the following subscript and 

repeated subscripts imply summation. The quantities k, c, and p are assumed to 

be temperature independent. Q and q are specified functions of time. 

Taking the variation of Il(U, U) with respect to U (with U held constant) 

one finds that the vanishing of 611 requires that, in V 

k. . U... = puU - Q 
iJ J1 

(14) 

and on S 

n.k. . U,. = n.q. 
i iJ J i 1 

(15) 

Equation (14) is the Fourier heat equation and (15) is the definition of 

the heat flux q at the surface of the body. Therefore a function U which 

gives an extremum of the functional defined by (13) satisfies both the 

*A similar variational principle for isotropic materials was given in [10], 
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field equation and boundary equations of heat conduction in an aniso¬ 

tropic body. 

Discretization of the Problem 

In the preceding development II(U, U) is a functional of any function U 

which will satisfy , the boundary conditions on S. However if we restrict the 

choice of U and U such that their only arbitrariness is in certain constants in the 

formulation, the functional II becomes a real valued function. In particular, if 

the constants are the nodal point values, u and u, ofU and U, II becomes II(u, u). 

Finding an extremum of this real valued function is equivalent to satisfying the 

following 

an (u, u) 

i 

Let the temperature field in an element be given by 

(16) 

U(x, y, z, t) = $g(x, y, z) A u (t) (1 7) 

and the time rate of temperature change be given by 

U(x, y, z, t) = if/(x, y, z) B u (t) (1 8) 

where (j} and iJj are vectors which specify the spatial dependence of U and U and 

u and u are the vectors of nodal point values. 1 The matrices A and B are de¬ 

fined by the above relationships. 

The temperature gradient U,. can be expressed in terms of the nodal 

point temperatures by 

AU = 

U, 
x 

U, 
y 

u, 
z 

D cp A u = cp' A u 

Writing II in terms of nodal point quantities 

(1 )) 

1 It should be noted that throughout this development the vector field 

U and U have been taken to be independent. In the computer program, however, 

<p and 4>, and therefore A and B, were taker to be the same. 

IU -', u) 
f t T T 1 

~ c1 S' ' if i7' d 'i f 

T .T T . T T T , 
pcii ~ ^ iS a - u A (g Q > dV 

-I 
T T T 

u A ijp n ^ dS (dO) 
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Taking the first variation with respect to u [i. e. -^2-] 
\ ciu ) 

, there results 

6n =Ku-Q*+Cu - q* = 0 (21) 

where 
T T 

A cp1 k (£ ' A dV 

and 

I * T T 
\ pc A t£ i)j B dV 
.V ~ ~ ~ 
C T T 
l Q A (£ dV 

1 
T x 

A q) n q dS 

Boundary conditions of four types will now be introduced: (1) specified 

temperature, u^ = constant; (2) specified flux, q = q; (3) convective, n.q = hiu-u^), 

where h is a film coefficient and u<) is the environmental temperature; and (4) 

adiabatic, q = 0. The boundary integral now becomes 

= q# + Hu - h* (22) 

where 

and 

h* = K f 
% 

T T 
A (p n q dS 

T T 
A cp <£ A dS 

T , 
A c£ dS 

The integral over S£ is zero since the variation of the functional was 

specified as zero over that portion of the boundary and the integral over S4 is 

zero since tnere is no heat flow across the boundary. 

To assure the extremum of the functional n it is necessary then to find 

the nodal point temperatures u which satisfy the following matrix equation. 

( K - II) u. + C u - q* - Q’: h* ^ 0 . (2 3) 

Solution of the Governing Matrix Equation 

To solve (23) note that u and u are functions of time, and Q*, £* 

and h* are given functions of time. Let the time variable be restricted to the 

set of variables L = i At (i = 0,1,2,....). 

Subscripts "1" in the subsequent development indicate that the subscripted 

quantities are evaluated at t = L. 

Let (2 3) be written as 

K n + C "j = f (“4) 
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where 

K = K - H 

f. = Q * + q* - h* 
~i ~ ~ ~ 

If ii is as sumo d constantfort. £ t St. ,, then [i. = fu. , - u.l/Atand from 
« li+l ~i l~i+l 

Taylor's expansion about t = t., one obtains 

-i+1 

, A . , Ata .. , At r . , . , 
u. + At u. v- ■ u. = u. + —— u. , , + u. 
~i ~i 2 ~i ~i 2 ~i+l ~iJ 

(25) 

Equations (24) and (25) now are sufficient to determine u.^j and + j in terms 

of u. and u.. 

From (24) and (25) there results 

£ + zr i) hti = (ir S - s) + f. + f.,, 
--1 --iT 1 

A simpler computation results by rewriting (26) a 

+ u 

K +— C 
At = 

-l+l s * (-H^) 
■ here is found from the auxiliary calculation 

~i+l "V 2 / ~ yi 

(26) 

(27) 

(28) 

For the solution of the heat flow in a multi-element body it is necessary to 

assemble the element matrix equations (27) into a single matrix equation. 

This is accomplished by the computer program. 

Computer Program 

Using conventional matrix algebra, a computer program for the 

solution of (27) was written for a two dimensional anisotropic hetero¬ 

geneous solid with a linear spatial temperature distribution in each 

element. To date limited studies have been made of the accuracy and 

speed of the present program as compared with existing analytical so¬ 

lutions and one and two dimensional finite difference solutions. The 

program is completely deeomented in [2]. 

It appears that time increments at least ten times larger than those 

normally used with implicit finite difference methods are feasible. The 

limitation on the size of time increments appears to be related to the 

maximum time rate of change of temperature at any given time. \nv 

irregularities of the solution due to too large a time increment seem 

to be convergent oscillations of temperature with time. Solution for ani¬ 

sotropic and non-homogeneous materials compare well with the theo¬ 

retical solutions available. 
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As an example of the utility of the program, an example is given in 

Figure 6 which demonstrates its use on a section of a cylinder with a 

star-shaped perforation subjected to severe convective cooling condi¬ 

tions. In Figure 6 temperature profiles are compared with those of 

Willoughby [15]. Willoughby used a combination of conformal map¬ 

ping and finite differences to achieve his solution. 
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Figure 6. — Thermal history at section B-B of star-shaped cylinder. 
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Tailoring The Engineering Properties Of 
Polymeric Materials 

J. N. Majerus 

Rohm and Haas Company 

Huntsville, Alabama 

INTRODUCTION 

Even though chain molecules were synthesized as early as the late 

19th century (20), full scale commercial production of synthetic or¬ 

ganic polymers did not begin until after L. II. Baekeland’s development 

(1907-1910) of phenol formaldehyde resin (Bakelite®1) and Good¬ 

year's discovery of sulfur vulcanization of natural rubber (1). Since that 

time numerous high molecular weight organic polymers, commonly 

known as plastics, have been formulated and produced commercially 

in large quantities. Due to their low cost, light weight, and other fea¬ 

tures, the mechanical engineer soon began to incorporate plastics into 

various designs. Moreover, with the introduction of filament wound 

rocket eases and other composite reinforced materials, the civil and 

structural engineer became concerned with plastics or resins which 

form the matrix of full scale structural elements. However, plastic ma¬ 

terials differ considerably in their thermal-mechanical response from 

the metallic materials. Also, this response differs considerably among 

the various polymers and even within the same polymeric system. 

This paper is concerned with various controllable parameters which 

influence the thermal-mechanical responses of organic polymers. While 

chemical parameters are briefly mentioned (9, 18, 19, 25), the majority 

of the paper is concerned with parameters that an engineer can con¬ 

trol by choice. Although fillers, plasticizers, reinforcements and physical 

blending have a large influence on the overall properties, these variables 

will not be discussed in the present paper. Also, it should be remem¬ 

bered that many times the choice of polymer type is limited by pro¬ 

cessing capabilities, toxicity of chemicals, ease of manufacturing, cost, 

etc.; consequently, these restrictions will not be directly considered. 

Optimization techniques for thermoplastics and thermosets will be dis¬ 

cussed separately. 

OPTIMIZATION 

Normally optimization of a function, such as material properties, 

involves the extremum of some analytical expression with respect to 

various parameters. In this case, the various parameters involve both 

1 Trademark of Bakelite Chemical Company’s phenol formaldehyde. 
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material variables and fabrication history. However, none of the exist¬ 

ing microscopic theories of polvmer behavior (9, 19, 27) explain all of 

a polymer’s observed behavior. Therefore, the following optimization 

techniques stem from experimental observations and empirical relation¬ 

ships which are used in conjunction with mechanical analogues of 

polymeric materials. 

Thermal mechanical property data illustrate that these properties 

depend upon both the chemical constitution and the cross-link density 

within the solid. The influence of these variables can be qualitatively 

studied by means of mechanical analogues (Figs. 1, 2). In a mechanical 

analogue the entity consisting of a backbone atom and its attached 

side groups will be referred to as a “backbone group.’’ These groups are 

represented by masses M' and the chemical interactions between back¬ 

bone groups are represented by elastic springs with spring constants Ki. 

In general there are three modes of deformations between any 3 adja¬ 

cent backbone groups: stretching (Ks), bending (Kh) and rotation or 

torsion (K,). Normally, the stretching stiffness is one order of magni¬ 

tude larger than the bending stiffness which in turn is about two to ten 

times larger than the torsional stiffness (15, 21). 

Polymers may have either one, or both, of two chain structures. 

These structures are the straight chain arrangement (Fig. 1) and the 

cyclic (closed, or, ring) chain structure (Fig. 2). In the case of the 

straight chain, adjacent molecular groups may not be co-planar, and 

in a force field, the backbone groups tend to align themselves in the 

field direction by rotating about an axis formed by the two preceding 

backbone atoms. The actual alignment depends upon the torsional free¬ 

dom of the polymer chains, i.e., the number and magnitude of rotations 

that can occur without inducing bending and stretching deformations 

within the backbone groups. Since a torsional rotation can induce rela¬ 

tively large changes in the length of a chain in the field direction (Fig. 

1), torsional freedom allows a polymer to exhibit large elastic and ul¬ 

timate elongations. This rotational freedom depends upon its torsional 

stiffness K, and the interference of the surrounding chains. The still¬ 

ness depends upon the type of backbone bond, and the size and inter¬ 

action of the side groups. Farge bulky side groups interfere with one 

another if spaced too closely on the polymer chain and reduce the polv¬ 

mer’s elastic deformation; compare polyethylene with polystvrene. How ¬ 

ever, if the side groups are spaced further apart on the backbone, tlu' 

interference is reduced. Hence, the introduction of chain elements into 

the backbone which have small (e.g., a hydrogen atom) or no side 

groups (an atomic oxygen) reduces the torsional stiffness. Therefore, 

such polymers as polydimethysiloxane (silicone rubber), polvphenvlene 
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oxide (General Electric’s PPO®3) and polycarbonate (General Electric’s 

LEXAN®3) have been synthesized and exhibit large elastic strain limits. 

Ethylenic groups (— CPE—CEE—) are introduced into a polymer back¬ 

bone by means of copolymerization and have a large influence on the 

temperature at which the transition between the glassy and rubbery 

regions occur (11, 24). Consequently, if low temperature flexibility is 

desired, reduction of the torsional stiffness will extend the lower range 

of useful temperatures. 

Mi Mi Mj M* etc 

MOLECULAR REPRESENTATION OF POLYISOPRENE 

The second type of structure, i.e., the cyclic or ring (Fig. 2), is 

somewhat analogous to trusses in that they are quite stiff with respect 

to deformation. This stems from the fact that very little, it any, torsional 

deformation of the ring can occur and any deformation must be due to 

bending and stretching. However, these rings can be aromatic or at 

least possess some unsaturation which means that these elements are 

extremely stiff with respect to both bending and stretching. Conse¬ 

quently, polymer chains, e.g., the carboxylate epoxy resins and phenol- 

formaldehyde thermosets, which contain these ring units, possess large 

2 Trademark of General Electric Co., Schenectady, New York. 

s Ibid. 
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Mi 

MOLECULAR REPRESENTATION OF AN AROMATIC 
CHAIN ELEMENT 

Figure 2. — Mechanical analogue of an aromatic chain element. 

elastic moduli, high temperature stability, excellent creep stability and 

are rather brittle (ultimate elongations less than 10%). 

The above discussion illustrates that the polymer chain stiffness 

can be modified only by chemical synthesis, the most common of which 

is co-or heterpolymerization. Numerous manufacturers offer a wide 

range of thermoplastic copolymers, resin intermediates and prepolymers, 

which possess a considerable range of mechanical and thermal proper¬ 

ties. Therefore, the improvement of polymer chain stiffness has alreadv 

been accomplished for the engineer. 

However, once the type of polymer has been selected, the engineer 

still has control over the interchain stiffness or cross-link densitv. Since 

the plastic’s properties depend upon both chain stiffness and interactions 

between the chains, modifying the interchain stiffness alters the thermal 

and mechanical behavior of a given type polymer. The techniques used 

to modify interchain stiffness depend upon whether the polvmer is a 

thermo-plastic or a thermoset. 
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In case of a thermoplastic, there are no chemical cross-links be¬ 

tween the chains, and, hence, thermoplastics become soft and eventually 

melt as the temperature is increased and reharden when the tempera¬ 

ture is decreased. These materials develop their stiffness and strength 

from physical interferences between the chains (so-called “entangle¬ 

ments”) and electrostatic interactions between side groups, e.g., hydro¬ 

gen (PE) fluorine (Teflon®4) and chlorine (PVC). Since the electro¬ 

static interactions depend upon the chemical composition they will not 

be discussed further. The physical interferences are due to either en- 
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1 Trademark of E. I. du Pont de Nemours and Co., Inc., Wilmington, Delaware. 
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□ I - Data from C. A. Sperati, W. A. Frantz, H. W. Starkweather, Jr., 

J. Am. Chem. Soc. , 75, 6127 ( 1953) 
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DENSITY gr/cc 

Figure 4. — Influence of density on thermoplastics’ behavior. 

twined and looped chains, or, intermeshing of the side groups. The 

probability" (3) of having looped or entangled chains increases as the 

chains become longer (22) (molecular weight increases). Consequently", 

increasing the molecular weight increases the stiffness of a thermoplastic. 

Also, both the melting and glass transition temperatures (10, 11, 28) 

(temperatures at which behavior changes from “glassy" to “rubbery”) 

increase as the molecular weight increases (Fig. 3). Therefore, the se¬ 

lection of molecular weight depends upon both the design require¬ 

ments and the upper and lower service temperatures. 

Intermeshing side groups allow the polymer chains to pack to¬ 

gether into a denser arrangement. This denser arrangement increases 

both the magnitude of the electrostatic interactions and the pln sical or 
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steric hindrances. The ability to pack together depends upon the size 

and arrangement of the side groups (8, 9, 19) and therefore is fixed 

for a given polymer system. Since closely packed chains allow a greater 

atomic mass to occupy a given volume of space, these polymers possess 

a higher density than their sparsely packed counterpart. Also associated 

with this close packing is the formation of crystallites within the poly¬ 

mer and degrees of crystallinity as high as 80% (4, 16) have been mea¬ 

sured. Since a crystalline array is denser than a random one, increases 

in density and crystallinity usually accompany one another. Due to the 

increased interchain stiffness, the elastic modulus (secant or tangent), 

yield stress and ultimate stress increase almost linearly with increasing 

density (4, 16) (Fig. 4). Normally the ultimate elongations and impact 

strength decrease with increasing density. The density of a crystallizable 

material (polyethylene, polypropylene, high purity polystyrene and 

polyvinychloride( etc.) increases as the processing temperature increases 

(if below the degradation temperature) and the rate of cooling de¬ 

creases. Also, the crystallinity increases by annealing the product at 

temperature greater than Tg but somewhat less than the melting tem¬ 

perature. Therefore depending upon the design requirements, an en¬ 

gineer can use the above techniques to improve the mechanical proper¬ 

ties of certain thermoplastics. 

If the polymer is a thermoset, chemical cross-links must be intro¬ 

duced by any one of various techniques. Because of the wide range of 

curing agents and reactive hardeners available, (18, 25) either or both 

the straight and ring chain elements may be used as the cross-linker 

between the polymer chains (joints A, B and C, Fig. 5). A third possi¬ 

bility of cross-linking chains is to use an agent which causes reactive 

backbone subgroups of adjacent chains to unite directly with one an¬ 

other (joint D, Fig. 5). The number of cross-links, or, cross-link density, 

can also be controlled by various techniques. Consequently, an engi¬ 

neer can control the mechanical properties by means of various curing 

agents and “cures.” Since the curing agent and cure condition for opti¬ 

mum properties depends upon the thermoset, only various ranges of 

optimum values will be discussed in the remaining sections. More spe¬ 

cific details can be found in the literature (2, 18, 25, 26). 

The cure of thermosetting resins consists of submitting the resin¬ 

curing agent mixture to a controlled temperature for a certain period of 

time. This curing cycle is necessary since cross-linking is a chemical re¬ 

action which depends upon both time and temperature. Since the amount 

of curing agent (measured in parts per hundred parts of intermediate 

resin, “phr”) is usually small, the uniformity of cross-links depends upon 

the dispersion of the curing agent. Even with mechanical mixing an 
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even dispersion depends upon diffusion of the curing agent molecules. 

Therefore a cure temperature is also necessary to keep the mixture’s 

viscosity low enough to insure adequate diffusion. However, elevated 

temperatures speed up the chemical reaction which in turn decreases 

the viscosity. Consequently, if the cure temperature is too high, the 

cured resin will consist of tightly cross-linked clusters which may not 

be interconnected. Such rapidly cured thermosets exhibit poor mechani¬ 

cal properties. Conversely, if the reaction is very slow, it will take an 

extremely long period of time before good mechanical properties are 

developed. Hence, an optimum curing cycle usually consists of two 

stages; a room temperature cure (first stage) followed by an elevated 

temperature (second stage or post cure). The effectiveness of a cure 

cycle for a given curing agent and intermediate resin is normally mea¬ 

sured by means of a heat deflection test (ASTM’s Method D648-45T, 

Standards pt. VI, 1176, 1962). This test essentially measures the tem¬ 

perature at which the flexure modulus reduces to 140 ksi and this tem¬ 

perature is denoted as the "HDT. ’ This test is a rapid means of ex- 

Figure 5. — Two dimensional mechanical analogue of possible 
thermoset interchain cross-links. 
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Figure 6. — Influence of curing agent on elastomeric behavior. 

perimentally determining the optimum cure with respect to thermal 

stability for a given curative-resin system. 

In the case of polyisoprene and polybutadiene elastomers, the cura¬ 

tive (vulcanizer) usually consists of sulfur and an accelerating agent. 

While as much as 40 phr of sulfur can be used, most frequently 1 to 6 

phr sulfur and about 1 phr accelerator is used. These lower values are 

used since tensile strengths (2, 26) exhibit a maximum with increasing 

sulfur content while modulus usually increases monotonically. Converse¬ 

ly, ultimate elongation decreases with increasing sulfur content. Cure 

temperatures range from 100 to 150° C and the optimum cure time de¬ 

creases with increasing sulfur and accelerator content. 

Numerous copolymer elastomers are available whose cross-link 

density is controlled by the chemistry of the polymer chain. For these 

elastomers, increasing the amount of the curing agent increases both 

the modulus and tensile strength until some maximum is reached (Fig. 
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6). Normally the maximum values correspond to an amount of curing 

agent between 5 to 20 phr. Additional amounts of the curing agent 

cause both the maximum stress and modulus to decline. Ultimate elon¬ 

gation usually passes through (Fig. 6) a maximum as the amount of 

curing agent is increased. These commercial elastomers range from the 

high temperature fluorinated type, e.g., 3M’s Fluorel®6, to highly re¬ 

silient urethane polymers, e.g., Cyanamid’s Cyanaprene®6, and offer a 

wide range of properties by means of various liquid resins and curing 

agents. 

The most frequently encountered thermosetting resins are probably 

the epoxies. In this case both the inter- and intra-chain stiffness can 

be selected according to the desired physical properties using the pre¬ 

vious stiffness analogues. The intra-chain stiffness depends upon both 

the length (molecular weight) and type of intermediate resin monomer. 

In the case of the lowest molecular weight monomers, the epoxy-novolac 

monomers are more flexible than the bisphenol-A monomers. However, 

as the molecular weight increases the epoxy-novolacs become stiffer 

than the bisphenol-A monomers. Due to the short length of the ear- 
O 

/ \ 
boxylate monomer and the fact that the epoxide groups (C — C) are 

attached directly to the stiff rings these are the stiffest resin monomers. 

The total number of interchain cross-links within a unit volume of 

cured resin depends upon both the number of possible cross-links per 

monomer and the size (molecular weight) of the monomer. The num¬ 

ber of cross-links depends critically upon the number of epoxides (the 

most reactive group) and hydroxyls groups attached to the resin mono¬ 

mer. The bisphenol-A and carboxylate resins have the same number of 

epoxide groups (2 apiece) while the epoxy-novolacs have more than 

two (usually 3 or 4). Since the carboxylate monomer is the smallest 

diepoxide, more of these units can exist within a given volume of polv- 

mer than any other diepoxide. Consequently, due to this high cross¬ 

link density, a properly cured carboxylate resin exhibits very good 

thermal stability (HDT’s around 260° C), high moduli and are extreme¬ 

ly brittle. The epoxy-novolac monomers are larger than the carboxy- 

lates but in general have 50 to 100% more epoxide groups. These ad¬ 

ditional groups allow for more cross-links per monomer and yield a fairlv 

high cross-link density. The cured epoxy-novolac resins are not quite 

as stiff and brittle as the carboxylates but exhibit lIDT’s about 40 C 

higher than the corresponding bisphenol-A resin-curative svstems (7. 

vy_ 

5 Trademark of Minnesota Mining and Manufacturing Co., St. Paul. Minnesota. 
"Trademark of American Cyanamid Co., Bound Brook, New Jersev. 
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In the case of bisphenol-A type resins (Shell’s Epon®7, Dow’ders®8, 

Bakelite’s ERL®9 series), a wide range of molecular lengths (weight) 

are available. While the number of epoxide groups remains constant 

for the monomer, the number of hydroxyl groups increases with mole¬ 

cular weight. The pure diepoxides (no hydroxyl groups) exhibit a 

tendency to form clusters when cured. Such cured resins exhibit high 

compressive strengths (20 to 40 ksi) while the tensile strengths are con¬ 

siderably lower (3 to 12 ksi). This large difference between compres¬ 

sive and tensile strengths (varies between 2 to 10 times) is characteristic 

of all rigidly cross-linked low molecular weight bisphenol-A resins. The 

higher molecular weight resins contain hydroxyl groups which increase 

the probability that resin monomer units will be chemically cross- 

linked to each other. Consequently, a hardened resin obtained from the 

high molecular weight resins usually exhibit larger tensile strengths 

than the corresponding cured pure diepoxide. Also, the (tensile) 

strengths of these cured high molecular weight resins are approximately 

equal to the compressive strengths. 

The greatest influence on the bisphenol-A resin properties is the 

stiffness of the inter-chain cross-links. The cross-links can be formed by 

any of three ways: a) direct linkage between two epoxide groups pro¬ 

duced by catalysis, b) linkage between a hydroxy (C OfI) and epox¬ 

ide groups after addition of a catalyst, and c) reaction of a reactive 

hardener with either a hydroxyl or epoxide group of the resin. The short 

cross-links of the catalyzed epoxies are quite stiff and, consequently, 

these materials are fairly brittle (e,nax < 10%). The criterion for the 

amount of catalyst is that the reaction must take place at a moderate 

rate as discussed previously. The cross-link stiffness of an epoxy cured 

by means of a reactive hardener depends critically upon both the type 

and amount of curing agent. Especially critical are the polyamine and 

acid anhydride agents, and typical influences of some of these curing 

agent concentrations on the IIDT are shown in Figure 7. The most 

commonly employed reactive hardeners are the polyamines, acid an¬ 

hydrides and polyfunctional chain molecules. These hardeners can pro¬ 

duce a cured resin whose heat distortion temperature ranges between 

60° and 280° C. 

The polyamines can introduce either short linear chains (aliphatic), 

short cyclic chains (aromatic) or a combined linear and cyclic chain 

(cyclic/aliphatic) as the cross-link unit. A list of various amine curing 

agents along with their trade names and chemical descriptions can be 

7 Trademark of Shell Chemical Co., New York, New York. 

8 Trademark of Dow Corning Corporation, Midland, Michigan. 

9 Trademark of Bakelite Corporation. 
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O « Diethylenetriamine ( DETA) data from Allen, Hunter, J. App 

C hem. , Oct., 1956 

^ a T riethylenetetramine (TETA) data from Delmonte, ASTM 

Bulletin, Sept., 1957 

□ = Amine Oxide Adduct (Bakelites' ZZLB-0814) data from Bakelite 
Company's technical literature 

©* Phthalic Anhydride, e.g., Ciba Company's HN-901, data from 
Lee, Neville, "Epoxy Resins", pg. 118, McGraw-Hill ( 1957) 

Or Chlorendic Anhydride (Hooker Electrochemical Company's 
HET) data from Hooker's technical literature 

AMOUNT OF CURING ACENT phr 

Figure 7. — Influence of various curing agents on a thermosets’ 
heat distortion temperature. 

found in the literature (18). The aliphatic amines consist of either highly 

reactive ones which require only 7 to 12 phr for optimum properties, 

or, modified amines which require 25 to 40 phr for optimum properties. 

Either of these reactive hardeners when used in conjunction with an 

optimum cure yield a cured resin whose ultimate tensile strength (am¬ 

bient temperature) ranges from 8 to 11 ksi, flexural modulus between 

400 and 570 ksi and a HDT ranging between 60 and 120 C. The opti¬ 

mum cured resin is also fairly tough and consequently the a-iphalic 

amines are the most widely used curing agent. The aromatic amines re 

quire between 10 to 40 phr to yield optimum properties. The properties 

for an aromatic amine-bisphenol-A resin system range between 8 to 18 

ksi for ultimate tensile strength, 500 to 660 ksi for the flexural modulus 

and 145 to 175 C for the IIDT. It should be noted that the increase' 

in tensile strength and HDT is accompanied by a decrease in Hc\ibilit\ 

and these hardened resins are fairly brittle. 
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The acid anhydride curing agents introduce short stiff rings as 

the cross-linker between the epoxy monomers. A fairly large amount 

(40 to 100 phr) of these agents must be added to the intermediate 

resin in order to obtain optimum properties. The cured resin is quite 

brittle (em„ < 2%) and exhibits heat distortion temperatures between 

110 and 280 C. The flexural modulus ranges between 330 and 560 ksi 

while the ultimate tensile strengths range from 3 to 12 ksi. As a general 

rule, the tensile strength decreases as the I IDT increases and the high¬ 

est tensile strengths correspond to the lower HDT (120 -170 C) opti¬ 

mum cure anhydride systems. However, the higher HDT materials lose 

their tensile strengths very slowly with respect to temperature and at 

200 C exhibit ultimate strengths between 2 and 3 ksi. 

The curing agents which consist of the polyfunctional chain mole¬ 

cules are normally called “flexibilizers.” These curatives are used to 

produce a cured epoxy resin which is extremely tough (5, 6) in compari¬ 

son to the usual resin-curative system. The curing agents normally used 

for this purpose are low molecular weight polyamides and polysulfides, 

and special polyamine resins. The polyamide curing agents (General 

Mills’ Versamid®1" resins) are resins which contain amine groups and 

consequently react with the epoxy monomers in the same manner as the 

polyamines. However, the polyamide chains are quite bulky and the 

cross-linking amine groups are separated by a flexible polyethylene 

type chain. Consequently, using polyamide chains as a reactive hardener 

reduces both the density and stiffness of the cross-links. Due to the 

low reactivity of the polyamide chains, a large amount must be used in 

order to completely cross-link the epoxy molecules. This amount varies 

between 40 to 120 phr depending upon the amine content of the polya¬ 

mide (increases with General Mills’ Versamid number). When the con¬ 

centration of polyamide is increased beyond this limit the cured resin be¬ 

comes progressively more flexible with a subsequent lowering of the 

I IDT. The upper limit of the polyamide concentration, which yields a 

though hardened resin, is about 180 phr. The concentration ratios for 

optimum HDT, tensile strength and impact resistance correspond to one 

another and depend upon the type of polyamide and intermediate 

resin (25). These optimized values correspond to tensile strengths be¬ 

tween 4 and 7 ksi, flexural moduli of 200 to 300 ksi, heat distortion 

temperatures between 50° and 80° C and about 10% ultimate elongations. 

The I IDT, tensile strength and flexural modulus can be increased by 

replacing part of the polyamide with other polyamine curing agents, 

but this reduces the impact resistance. 

Trademark of General Mills, Inc., Kanakee, Ill. 
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The polysulfides (Thiokol’s EP®”-series) are long extremely flex¬ 

ible molecules which can be cross-linked to form an elastomer. Since 

liquid polysulfides are available, they can be added to an intermediate 

resin and used to form flexible cross-links between the epoxy molecules. 

Although the polysulfides are slightly reactive with the epoxies, a cata¬ 

lyst or reactive hardener must be used in order to obtain an optimum 

cure. These curing agents should be used in about the same concen¬ 

trations (phr) as mentioned previously for optimizing the bisphenol-A 

resins. Except for an extremely reactive catalyst (e.g., Rohm and Haas’ 

DMP®'--30), a second stage cure temperature between 100" and 130 C 

vields optimum overall properties. The toughest material (both impact 

resistance and area under stress-strain curve) is obtained when the con¬ 

centration of polysulfide is 100 phr. The impact resistance (5) of this 

cured resin is almost two magnitudes larger than a pure bisphenol-A 

hardened resin. A 50 phr polysulfide system exhibits about one mag¬ 

nitude larger impact resistance than the corresponding hardened resin 

without the polysulfide. The 100 phr polysulfide systems have tensile 

strengths between 1 and 3 ksi, and ultimate elongations between 10 and 

80%. The 50 phr polysulfide systems exhibit ultimate elongations be¬ 

tween 5 and 20% and tensile strengths around 3 to 7 ksi. The I IDT of 

these polysulfide systems ranges between 50° and 100 C. If more than 

100 phr polysulfide is used, the material becomes essentially a polysul¬ 

fide rubber which is cross-linked by relative stiff epoxide sub-chains 

and possesses a low cross-link density. 

CONCLUSION 

Although many synthetic organic polymers are currently available, 

numerous technical applications require improved thermal and mechani¬ 

cal behavior. Accumulated experimental data show that both inter- and 

intra-molecular stiffness play the predominate role in thermal and me¬ 

chanical behavior. Mechanical analogues of polymer chains qualitativelv 

illustrates this behavior and indicate that the torsional freedom of 

molecular chains is the critical factor. Those analogues give some insight 

into the direction that both the chemist and engineer should proceed in 

order to obtain certain improvements in polymeric properties. 

Acknowledgement: The work reported was carried out under Con¬ 

tract No. DA-01-021 AMC-11536(Z). 

11 Trademark of Thiokol Chemical Corp., Trenton, N. J. 

Trademark of Rohm and Haas Co., Philadelphia, Pa. 
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A Mathematical Model Of Enzymatic Behavior1 

John M. Murray, Jr. 

Spring Hill College 

Mobile, Alabama 

INTRODUCTION 

Enzymes play a vital role in the chemical transformations of living 

systems. The activity of these substances is of prime importance, since 

very slight changes in this property may have drastic effects on the 

organism. Usually each enzyme is responsible for one part of a series of 

linked reactions. In particular, the enzyme trypsin, which will be dis¬ 

cussed here, is responsible for the hydrolysis of bonds involving the 

carboxyl groups of the basic amino acids lysine and arginine. Although 

the mechanism is not known, the factors influencing the rate of this 

cleavage have been studied in some detail. We shall concern ourselves 

with the effect of the hydrogen ion concentration on this activity of 

trypsin. 

In general, enzymes exhibit optimum activity over a limited pH 

range. Qualitatively, conditions of very low or very high pH are usually 

unfavorable to enzyme activity. Trypsin exists in its most active form 

over the pH range 5 to 9. Below a pH of 3 it is rapidly inactivated, as 

it is above 13. This general type of behavior is common to many en¬ 

zymes. 

The variation of enzymatic activity was first studied quantitatively 

by Miehaelis (4). The activity functions which he derived apply to 

substances which undergo two successive ionizations. Such a substance 

would exist in three different non-interacting forms. Trypsin has been 

studied by the author because it appears to undergo three ionizations 

and the forms seem to interact. Both of these facts render Miehaelis’ 

functions inapplicable. The mode of reasoning used here to explain 

the rather marked dependence of activity upon pH is similar to that 

used by Cratin and Dean in their work on surface active agents (2). 

Their success in explaining interfacial activity prompted this attempt to 

apply a similar method of investigation to a living system. 

The activity data have been taken from the classic work of Kunitz 

and Northrop with trypsin (3). Since these authors have reported 

1 This work was supported by a type B grant from the Petroleum Research 

Fund of the American Chemical Society, under the direction of Dr. P. D. 

Cratin, Spring Hill College. See also reference (2). 

■ Petroleum Research Fund Scholar. Present address: Dept, of Biochemistry, 

St. Louis University, St. Louis, Mo. 
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in detail the experimental behavior of the enzyme, the laboratory tech¬ 

niques and methods of activity determination will not be discussed 

further here. 

A MATHEMATICAL MODEL OF THE ENZYME 

The effect of pH on activity is assumed to be the result of changes 

in ionized forms of the enzyme. The enzyme’s amphoteric nature sup¬ 

ports such an assumption. Proceeding from this assumption, it is reason¬ 

able to expect that different forms of the enzyme will exhibit different 

degrees of activity. The overall activity will then correspond to the 

sum of the contributions of the different forms. 

As is shown in the graph of experimental data in Figure 1, there are 

four regions of activity which should correspond to the presence of four 

differently ionized forms. In each region one of the four species will be 

dominant. The presence of these four distinct forms implies three suc- 

Figure 1. — Experimental values of activity vs. pH. 
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cessive ionizations. From the pH region in which these occur, we will 

choose as a model a dibasic amino acid, 

IFN—R—COOH 
I 

R'-COOH 

which exists in neutral solution as a zwitterion, as is common with amino 

acids. The zwitterionie form is shown below. 

+HaN—R—COO~ 
I 

R'—COOH 

As a starting point, let us put the enzyme in a highly acid solution. Only 

a small amount of the zwitterion will be present, the major portion hav¬ 

ing accepted a proton to become cationic in nature. The reaction and 

corresponding equilibrium expression are shown below. 

Z± + IF C+ K', = JC+ 1 
rz± i ( n+1 

K'i 1 where Ki — [ Z± 1 L 11 
K " I C + i 

Za 
C 

zwitterion 
cation 

1 

If the acid solution is now titrated with base, the zwitterion may lose a 

proton, entering into equilibrium with an anionic form. 

Z± + OH" = A" + IFO A" = anion 

Kb _[ A~ ]_ = where - [ A~ ] [ H+ ] (2) 
1 Z± 1 fOI F 1 K„ 1Z±] 

Continuing the titration with base brings about ionization to a double 

anion form. 

A + Oil — A + IFO A double 
anion 

Kb = [ A= 1 = where = [ A= ] [ H+ ] 13) 
[ A- 1 [ OH" ] Kw [ A" 1 

Inasmuch as the molecular weight of trypsin is not known accurately1, 

the use of molar concentrations terms in the expressions above presents 

what appears at first sight to be an insurmountable difficulty. However, 

there is one way around the problem, and that is to obviate the neces¬ 

sity of a knowledge of the molecular weight. This may be done by 

converting everything to fractions. For example, let us derive the ex¬ 

pression for the fraction of a single form, Cf, as a function of the hydro¬ 

gen ion concentration. 

The total concentration of enzyme is equal to the sum of the con¬ 

centrations of the individual forms. 

CE] = [C+] + 1Z±] + [AH + [A=] 
T 

(4) 

Probably in the range 17,000-23,000. See Literature (5), p. 491 
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From the expression for the first ionization, equation (1), we have, 

rz±i = rc+]K 

and from (2) and (3), 

[A 1 = [Z±] Ka . [A = 
[HM 

Substituting (5) for Z± into (6) yields 

[AM = [CM K K, 

[HM 

[AM K3 

[HM 

[HM2 

this result may be used in (7) to replace [A-], 

[AM = [CM K K2 K3 

[HM:‘ 

If (5), (8), and (9) are inserted into (4), we obtain, 

[El = [CM + [CM K + [CM K K, + [CM K IG K3 
T III 

[HM [HM2 

which is simplified to. 

(5) 

(6) & (7) 

(8) 

(9) 

(10) 

[HM" 

[El = [C 
1 + K + K k.2 T K Ks K3 

1 1 1 

[HM [HM [HM:* 
(11) 

The fraction of cation present is given by the concentration of the cation 

divided by the total concentration of enzyme. Thus, 

f [CM 
[El 

But from (11) it is evident that, 

[El 
T 

[HM TH 

1 + K + K K2 + K L K, 
1 1 1 

[HM2 

1 
f = 1 + K + K K2 + K K2 K, 

c ii! 

(12’ 

13) 

14) 

[HM [H 

which may be further simplified to, 

[HM2 

f 
c + 

[HM" 
[HM2 + [HM2 K + K K2 + K K2 Kj 

Bv identical processes the expressions for the fractions f 

mav be obtained. 

f K [HM2 

(15) 

, f 
A A 

( 16) 

1HM2 + [HM2 K + K K2 T K K2 K 
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f = K KMIFI 
A- 1 

(17) 

nrr + fiur k + tiri k k? 
i i 

+ K 
i 

K2 K3 

f K K2 K, 
A = 1 

(18) 

LII' 1 + LH+T K + LH + 1 K K? 
i i 

+ K 
i 

K2 K3 

order to solve for the various fractions, K , k2, and K3 must be 
i 

known. From the first inflection point in the graph of experimental data 

we assign a value of 2.0 to pK '. pK2 presents a somewhat more dif- 
i 

ficult problem. It is seen that a minimum occurs at pH equal to about 

12 (Fig. 1). However, if the total activity is taken merely as the sum 

of the contributions of the individual forms present, then the minimum 

cannot be explained. A mere summation would give rise to a smooth 

curve, monotonieallv decreasing in this region. But, as is shown in Figure 

1, this is not the case. In order to explain this irregularity, we have 

postulated the existence of an interaction between the two forms present. 

This interaction would have a mutually inhibitory effect on the activity 

of the two forms. From this it is reasonable to suppose that maximum 

interaction occurs when the interacting forms are present in equal 

numbers: i.e., when the two fractions are equal: f f = Vi. But 

from equation (2) it is seen that when the two fractions are equal, then 

pH pK2. Thus the pH at which the maximum interaction occurs, cor¬ 

responding to the minima on the graph, is equal to pK2. From the graph 

it will be found that pK2 is about 12.0. 

Since this method of obtaining pK values is necessarily somewhat 

approximate, a method of checking the accuracy of the results is desir¬ 

able. This was done by taking the rough values, varying them over a 

small range in either direction, and then checking the activity calculated 

with each value against the experimental value at that point. Because 

the calculations involved were formidable, we programmed the equations 

into an IBM 1130 computer. This procedure enabled us to test our earlier 

hypothesis and obtain more accurate values for the ionization constants. 

PK2 was found to be closer to 12.1 than to 12.0 as we originally supposed. 

pK , was found to be 12.7. 

Using these pK values and the equations derived earlier for the in¬ 

dividual fractions, it is now possible to calculate the fraction of each form 

' Accurate experimental data were not available for the region below pH 4. 

Approximate values were used to extend the graph of Fig. 1 into lower pH 

values. From statements made by the experimenters and a consideration of 

other similar enzyme systems, the author feels justified in making this ex¬ 

tension. 
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0 2 A 6 8 10 IP IA 

Figure 2. — Fractional composition vs. pH. 

of the enzyme present at any concentration of the hydrogen ion. The 

change in fractional composition is shown in Figure 2. 

Bv correlating Figures 1 and 2 we may now reason to the specific 

activity of each form of the enzyme. It is seen that in the pH range 

where C + is practically the only form present, the enzyme has almost 

no activity; a clear indication that the cationic form is not active. 

Similarly, at the other end of the scale, where the A= is dominant, the 

enzvme is again inactive; A" must then also be inactive. In the inter¬ 

mediate region, where the zwitterion predominates, we see that the 

aetivitv is at a maximum. Purely as a convenient standard, the activitv 

of the Tr is assigned an arbitrary numerical value of 1.00'. If this stan¬ 

dard is adopted, the activities of the other forms may be determined 

relative to the zwitterion. 

5 The specific activity of the enzyme in the range pH 5 to <S, corresponding to 

our defined activitv of 1.00, is 0.17 IT. U.]Hb „ v. . This unit expresses J J mtg. 1. N. 1 

the activity of the enzyme in terms of the rate of digestion of hemoglobin. 

For further discussion see literature (1). 
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At this point it will be helpful to review for a moment. Our deriva¬ 

tion was begun with the idea of expressing the total activity of the 

enzyme as the summation of the contributions of the different forms. 

It was also postulated that an interaction occurs between two forms of 

the enzyme, causing a minimum in the activity curve. The generalized 

form of the activity expression may be written as follows: 

where 

A = 2A f - Cf f 
T i i Z± A- 

A total activity 

A specific activity of form i 
i 1 J 

f fraction of form i present 
I 1 

09 

C interaction constant 

In the expression above, C is an interaction constant introduced to cover 

the proportionality between the extent of interaction and the fraction of 

interacting forms present. Thus, if the extent of interaction is propor¬ 

tional to the product of the fractions of the interacting forms, then it 

will be equal to some constant C times that product. Expanding the 

summation in equation (19) gives the specific form of the activity ex¬ 

pression. 

A = f A + f A + f A + f A - Cf f (20) 
T C+ C* Z± Z± A- A- A A - Z± A 

As we have already noted, the C' and A" forms are not active and may 

therefore be dropped from the activity expression. Equation (20) then 

becomes, 

A = f A + f A - Cf f . (21) 
T Z± Z± A- A Z± A- 

In this expression there are two unknown terms, A^ and C. These 

two may be evaluated simultaneously if two values of the total activity 

are known at different hydrogen ion concentrations. The values obtained 

in this manner for the activity of the A~ form and the interaction con¬ 

stant were 1.77 and 4.37, respectively. 

All of the terms in the activity expression are now known, either as 

constants or as derived functions of the concentration of H + . The final 

form of the equation is given below, after substituting in values for A . 

f. and simplifying. 

A = K IIET + K Kj [in (1.77) 
T I I 

[H+T + K [H+T + K K2 [H+l + K KaKs 
i i i 

K 2fC 1H+13 (4,37) 
i 

([H+T + K [H+]" + K K. [H+l + K 1C Kb)2 
i i i 

(22) 
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pH Experimental Calculated 

0 0.00 0.01 
1 0.09 0.09 
2 0.50 0.50 
3 0.91 0.91 
4 0.98 0.99 
5 1.00 1.00 
6 1.00 1.00 
l 1.00 1.00 
8 1.00 1.00 
9 1.00 1.00 

10 1.00 1.00 
11 0.91 0.76 
12 0.32 0.32 
13 0.52 0.55 
14 0.00 0.01 

TABLE 1 — Comparison of experimental and calculated values 

bigure 3. — Experimental (solid line) and calculated (broken line) 
values of activity vs. PH- 
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If our mathematical model is correct, it should now be possible to cal¬ 

culate the activity of trypsin at any pH. The equation was written into 

a computer program to avoid the monumental task of calculating it bv 

hand. 

Numerical values for the activity, calculated over the entire pH 

range are given in Table 1. A comparison of the theoretical and experi¬ 

mental values is depicted in Figure 3. It will be recalled that the re¬ 

markably close agreement has been obtained using only three points 

selected from the experimental data. 

The success of the equation is not limited to the mere reproduction 

of an experimental curve. The close correlation between theory and 

experiment is an indication that the physical picture used to set up a 

mathematical model is in essence correct. This equation states quanti¬ 

tatively the qualitative observations of long standing, and should be 

looked upon in this respect, not as an end in itself, but rather as a dem¬ 

onstration of what can be achieved by this type of analysis. 
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Truss-Rafters With Glued Wood Corner Joints 

D. B. Richards1 
University of Kentucky 

Lexington, Kentucky 

INTRODUCTION 

In recent years trussed rafters have become very popular for use 

in the construction of residential housing. The most popular type is 

usually a W truss using 2x4 chord members and either 2 x 2 or 2 x 4 

struts. The common method of fastening the joints is some form of thin 

metal plate nailed to each side of the joint. When such trusses are tested 

to failure, these thin metal plates usually deform and allow considerable 

slippage at the joints. At failure the truss is often not acting like a true 

truss, but rather the rafters fail as beams. While not as commonly used 

as metal plates, nailed and glued plywood gusset plates have proved 

superior to metal plates in producing strong, stiff trusses. The extra cost 

of material and labor in producing good nailed and glued plywood gus¬ 

set joints has worked against their popularity. In addition to the above 

drawbacks, the usual trussed rafter has the disadvantage that any avail¬ 

able attic space is made largely unusable by the presence of the struts. 

In view of all these problems and in view of the simplicity and high 

strength of fingeerd scarf joints when used as corner joints, it seemed 

that trussed rafters of a superior type could be made in the form of a 

simple triangular frame with glued corner joints (Fig. 1, 2). The results 

of both analytical and experimental work on this problem are reported 

in this paper. 

Figure 1. — Two halves of a finger-scarf corner joint in position to In' glued 

together to form a rigid corner. 

'The experimental work and much of the analytic work for this studx was 

done at the Department of Forestry, Auburn University, Auburn, Alabama, 

and was financed by a grant from the Southern Forest Experiment Station. 

U. S. Forest Service, New Orleans, Louisiana. 
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Figure 2. — A triangular wood truss-rafter supported outboard of the junctions 

between the lower chord and the upper chords. The joints are glued finger- 

scarf joints of high rigidity. 

ANALYSIS OF TRIANGULAR FRAMES 

Triangular frames used as trussed rafters would probably have to 

include an overhanging eave to be acceptable for residential construc¬ 

tion. Such a frame might be supported at the intersection point between 

the upper and lower chords, or it might be supported some distance out 

along the extended rafter section. The latter generalized situation is 

shown in Figure 2. This frame could be subjected to a uniform snow 

load on the upper chords, a uniform ceiling load on the lower chord and 

possibly a slightly different ceiling load on that part of the extended 

rafter between the support and the lower chord intersection. Such a 

frame presents a complicated analysis. While the triangular frame re¬ 

quires an indeterminate type of analysis, the portion of the rafter ex¬ 

tending beyond the frame is in effect a cantilever and can be analyzed 

by the simple method of statics. In view of this fact, it seems desirable 

to simplify the above structure and also make it more general by making 

a free body diagram of the indeterminate portion of the structure. The 

effect of the supports and of the loads on the extended rafter sections 

can be applied to the free body diagram as a vertical shear and an 

appropriate moment at each intersection of the lower chord with the 

upper chords. Such a simplified diagram (Fig. 3) has the advantage 

that it applies to any type of load and support on the extended rafter 

section that can be reduced to a simple moment and a simple vertical 

shear. The indeterminate structure of Figure 3 can be analyzed by var¬ 

ious methods, but the slope deflection method is probably as convenient 

as any. Such an analysis yields the following equation for the moment 

in the right-hand upper chord: 

_ -Wx2 + x (WL'e + 5WL'Ecosa + 48mEcosa + 4wL'Ecosa) — 

2 4L (e + 4Ecosa) 

(WL!e + 6WL2Ecos« + 8wLLEcosa + 96mEcoso;) 

48 (e + 4Ecoscr) 1 
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The moment in the lower chord is as follows: 

wx! — (WL'e + 6wL"e + 8wL"Ecosa: + 48em) 

2 48 (e + 4Ecosa) 

1111 W~ per unj{ lengih 1111 

Figure 3. — Free body diagram of the indeterminate portion of a triangular 

truss-rafter with a uniform load of w on the lower chord and of W on the 

upper chords. The external moment, m, at each end of the lower chord is the 

type that would he applied by an outboard support such as depicted in Fig. 2. 

In the two above equations the symbols have the following meaning: 

a = The two equal angles of the isosceles triangle, in this ease the 

angle between the upper and the lower chord. 

E = The product of the modulus of elasticity and the moment of inertia 

of each of the upper chords. This is the usual “El” value or flex¬ 

ural rigidity for the upper chords. 

e 1 The product of the modulus of elasticity and the moment of inertia 

for the lower chord. The usual “El” value or flexural rigidity for 

the lower chord. 

L = The length of span between the intersections of the lower chord 

with each upper chord. 

m = The moment applied at each eave corner of the isosceles triangle 

as a result of the support and overhanging eave. 

M, = The value of the moment at any specified point x. It is positive 

if it tends to cause compression on the outside of the triangle. 

\\ The uniform load per unit of horizontal distance on the upper 

chords. 

w The uniform load per unit of horizontal distance on the lower 

chord. 
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x - The horizontal distance from the centroid of the triangular frame. 

This is used as in cartesian coordinates and is positive to the right 

of the centroid and is negative to the left of the centroid. 

Figure 4 shows a free body diagram of the right-hand upper chord. 

The left-hand upper chord can, of course, be represented by a mirror 

image of this diagram with appropriate attention to the symbols and the 

signs of the values. Figure 5 is a free body diagram of the lower chord. 

In both Figures 4 and 5, the symbol M means the moment at B in 

the member BC and similarly for other subscripts to M. The symbol 

H means the horizontal force at B in member BC. 
BC 

Figure 4. — Free body diagram of the right-hand upper chord from Figure 3. 

bU 

^1111 U/ per unit lenglh xnn^ % 
y 

BA 

uuL 

2 

ujL 

Z 

Figure 5. — Free body diagram of the lower chord from Figure 3. 

In the special case where the supports are at the intersections of 

the upper chords with the lower chords and there are no overhanging 

eaves (i.e. m = 0), where the “El” value of the upper and lower chords 

are equal (i.e. E = e), and where there is no lower chord load (i.e. w = 

0), equations 1 and 2 may be simplified so that the right-hand upper 

chord moment is: 

. . -Wx! — WL -j 12x (1 + 5cosa) — L (1 + 6cosa) 3 
M‘ =— - 48 (1 + 4cos a)- 

and the lower chord moment is: 

M, =-_=WL!_ 
48 (1 + 4cosa) 

4 
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It can be shown that for practical ranges of truss geometry and 

loading conditions the most critical moment will occur at the peak joint. 

It is interesting, therefore, to note what will happen when the peak joint 

fails. The condition after failure can be approximated by assuming a 

frictionless or pinned joint at the peak. An analysis of such a structure 

yields the following moment in the right-hand upper chord: 

_ -Wx: + x <j3WL2e + Ecos a (12WL2 + 8wL2 + 96m) 5 

Mx 2 16 L (e + 3Ecos a) 

and the following moment in the lower chord: 

. _ wx2 — -J WL’e + 4wL2 (e + Ecos a) + 32em ^ 6 

Mx “~2~ 32 (e + 3Ecos a) 

If (as for equations 3 and 4) it is arbitrarily assumed that E - e and 

that w = o = m, then equation 5 becomes, for the upper chord: 

_ —Wx2 + 3WLx -j 1 + 4cosof 7 

2 16 -j 1 + 3coso: 

and equation 6 becomes, for the lower chord: 

Mx = 
—WL2 

32 (1 + 3cosa) 

8 

By the usual methods of calculus it can be shown that the upper 

chord moment of equation 7 has a local maximum at x = 3L^ l+4cosa 

16-j l+3cosa 

This is also the location of the absolute maximum. In the case where all 

joints are rigid, it can be shown for equation 3 that a local maximum 

moment occurs at x = L (1 + 5cosa). In this all-rigid case, however, the 

4(1 + 4cosa) 

local maximum is not the absolute maximum. The absolute maximum 

moment occurs at the peak joint (i.e. at X = 0). Table 1 shows the re¬ 

lationship between the moments for selected values of the eave angle, 

alpha. It is interesting to note that for all these angles the absolute max¬ 

imum is at the peak as long as it is rigid. When the peak joint fails (as¬ 

suming it then approaches zero rigidity), the local maximum shifts in¬ 

ward to less than the quarter point and the value of this local maximum 

rises, but not above the original value at the peak. This means that if 

the material of the upper chord is capable of withstanding as great a 

stress as the joint, then the truss should be capable of holding a greater 

load than caused peak failure. The deflection would, of course, be 

greater after peak failure, and hence there would be a tendency to dis¬ 

tribute some of the load to adjacent members in a trussed rafter system. 
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TABLE 1.—Moments due to an upper chord load of W per unit of span in an 
isosceles triangular truss with rigid corner joints and a span of L 

Local maximum moment in upper chords 
Angle at 

eaves moment at peak All joints rigid Peak joint broken. others rigid 

Location1 Moment Location1 Moment 

—.02914 WL- X = ±.3000L .01583 WL- X = ±.2344L .02747 WL2 

cV 181/2° —.02908 WL-' X = ±.2995L .01580 WL- X = ±.2339L .02735 WL2 

C¥ — 30° —.02892 WL- X = ±.2985L .01579 WL- X = ±.2326L .02706 WL- 

a 45 —.02853 WL- X —±.2962L .01533 WL- X —±.2298L .02644 WL-' 

a=60 —.02780 WL- X = ±.2917L .01476 WL- X = ±.2250L .02531 WL2 

a->90° —.02083 WL- X = ±.2500L .01042 WL- X = ±.1875L 01758 WL2 

]The y axis is assumed to pass vertically through the peak. The location of the maximum 

moment is measured as an X or horizontal distance from the y axis as in cartesian coordinates, 

positive to the right and negative to the left of the peak. 

in testing model trusses in a testing machine, it is impractical to use 

uniform loading. In the current study, two-point loading was employed. 

If it is assumed that a load of P/2 is applied at the midpoint of each 

upper chord and all joints remain rigid, then the moment equation for 

the right-hand upper chord near the peak is as follows: 

Px (2 + 11 eosct) — PL (1 + 6cosa) ; . . . 0 < X < L 9 

8(1+ Tcosec) 32 ( 1 f 4cosa) 4 

From the above it is obvious that the moment at the peak is: 

_ —PL (1 + 6eosa) 10 

32 (1 + 4cosa) 

and the moment under the loading head at the midpoint of an upper 

chord is as follows: 

yj = PL (1 + 5coso:) 11 
.25L 32 (1 + 4cosa) 

After the peak joint breaks (if it is assumed that it approaches zero 

rigidity), the truss can be analyzed as having a pinned joint at the peak 

and the two eave joints rigid. This gives the following moment equation 

near the peak: 

_ Px 5 + 24cosa J- ; 0 < X < L 12 

Mx “ 32“ \ 1 + 3cosa “ “ 4 

The moment at the peak is, of course, zero as postulated and the 

moment under the loading head at the quarter points is as follows: 

M = PL |5 •} 24cosa 13 

.25L 128 -) 1 + 3cosa 

Table 2 shows the relationship of these various moments for selected 

values of the eave angle, alpha. This table shows an interesting contrast 

to the pattern in Table 1. After the peak joint is broken, the moment at 
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the quarter point is noticeably larger in absolute value than the original 

maximum moment at the peak. In fact, the moments at the quarter 

points after the peak failure are approximately 30% greater than the 

original moment that caused failure at the peak. This does not necessarily 

mean that the upper chords will break when the peak breaks. Indepen¬ 

dent studies have indicated that a southern pine corner joint of 143 

should have a bending strength of about 8,400 psi when an Auburn 

F-joint is used and the inner corner is loaded in compression. Southern 

pine of the tvpe used in the current testing should have a breaking 

strength in the neighborhood of 13,000 psi or about 55% greater than the 

corner joint. This would seem to indicate that the upper chords could 

withstand the excess moment they receive upon failure of the peak joint 

without themselves failing. In actual practice they have seldom been 

able to do this. The typical pattern of failure is for the peak joint to 

give way with a sharp report and a marked reduction in load on the 

testing machine. As the motion of the testing machine catches up with 

the extra deflection of the broken truss, a second maximum load is 

achieved before the upper chords break, but this second maximum load 

is generally somewhat lower than the original maximum at peak failure. 

As can be seen in Table 3, however, the second maximum load is gen- 

erallv 90% or more of the first maximum and does occasionally exceed 

it. One reason that it does not exceed it generally is that the peak joints 

consistently withstood bending stresses much larger than 8,400 psi. This 

subject is discussed in more detail under the section on discussion of 

test results. 

TABLE 2.—Moments due to concentrated loads of 0.5 P at the midpoint of 

each upper chord in an isosceles triangular truss with 

rigid corner joints and a span of L 

Angle 

at 

eaves 

Moment 

at 

peak 

Moment under the load at each quarter point 

All joints rigid 

Peak joint broken, 

others rigid 

o
 

t
 a
 —.04375 PL .03750 PL .05664 PL 

a=,8'/2° —.04362 PL .03743 PL .05640 PL 

cr=3°J —.04337 PL .03731 PL ,05599 PL 

ft II U
l 

—.04279 PL .03702 PL .05499 PL 

q; = 60o —.04167 PL .03646 PL .05312 PL 

a>90° —.03125 PL .03125 PL .03906 PL 
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TABLE 3.—Loads and stresses on an isosceles triangular southern pine truss 

with rigid joints and 52 inch span. The peak joint was 143° and 

the e ave joints 181 

was at the mi 

'2 . A Concentn 

idpoint of each 

ited load of 0.5 

upper chord. 

P 

Load at 

fai lure 
Compressive 

stress 
Load at 

Bending stress upper chord 
Bending stress 

at quarter pt. 
Specimens of peak at failure at X=z:.315" for failure Ratio at upper chord 
broken on P, of peak failure at peak p2 P2:P, failure 
52" span pounds psi psi pounds % psi 

1 A 3,150 1 .396 9,674 2,900 92.1 12,828 
2A 3,500 1,362 9,285 3,400 97.1 12,446 
3A 3,500 1,513 10,472 3,000 85.7 12,202 
4A 3,350 1,636 12,166 2,100 62.7 10,163 
5A 2,800 1,461 10,375 2,500 89.3 12,568 
6A 2.950 1,306 9,512 2,900 98.3 12,688 
7A 3,600 1,505 10,438 3,100 86.1 12,194 
8A 2,800 1,276 8,856 2,000 71.4 8,584 
9A 3,400 1 ,449 10,390 3,250 95.6 13,474 

10A 2,850 1,356 9,528 2,850 100.0 12,928 
1 1 A 2,800 1,426 10,154 3,000 107.1 14,760 
12A 2,700 1 ,369 9,749 2,500 92.6 12,247 
13A 2,800 1,349 9,658 3,000 107.1 14,039 

Averages 1 ,416 10,020 91.2 12,394 

TRUSS FABRICATION AND TESTING 

The triangular trusses were fabricated of kiln-dried southern pine 

lumber. Each wood strip was made wide enough to yield a 2-inch and 

a VA inch truss part upon ripping. Specimens numbered alike came 

from the same board. The 2 inch wide members went into a truss with 

the letter “A after the number, while the 114 inch strips went into a 

truss with the letter “R” after the specimen number. All “A” trusses were 

made of a size to be broken on a 52 inch span, while all “B” trusses 

were made to be broken on a 26.75 inch span. This means that each 

member of each “A” truss was side-by-side matched from the same strip 

of wood to the corresponding member in the like-numbered “B” truss. 

The trusses were made in the form of isosceles triangle with a 1 to 

3 slope in the upper chord members. (The angles were approximately 

143 at the peak and 1814 at each eave.) Each truss was fabricated 

with fingered scarf corner-joints of the Auburn F-joint type (Fig. 6) at 

each corner. Each truss was loaded at the midpoint of each upper chord 

and tested to destruction in a universal testing machine. The load at 

which the peak failed was recorded as load P,, while the second maxi¬ 

mum load (i.e. when one or both of the upper chords failed) was re¬ 

corded as P2. In one case (specimen 8B) no second maximum load 

occurred, so P2 was not recorded for this specimen. 
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Figure 6. — An edge view of the Auburn F-joint. This finger-scarf joint was 

used in making the rigid corners in the trusses of Tables 3 and 4. 

In past corner-joint studies’, bending stresses have been calculated 

at an imaginary section where a critical member enters the joint region. 

To make the current data comparable, the same practice was followed 

in this study. The 52 inch trusses had an average upper chord depth of 

1.993 inches, while the 26.75 inch trusses had an average upper chord 

depth of 1.206 inches. The centroid of the critical section is -As in a 

horizontally from the peak and hence the peak joint stress was calculated 

at X = .315" for the 52 inch trusses and at X .191" for the 26.75 inch 

trusses. 

The axial stress in past work has generally not been more than 3 or 

4 per cent of the bending stress on the corner joint and has usually been 

omitted from the calculations. In the current study, such an omission 

can not be justified when all three corners are rigid since it can readily 

be shown that the compressive stress at the critical section is approxi¬ 

mately 14 per cent of the bending stress for the 52 inch truss and ap¬ 

proximately 17 per cent of the bending stress for the 26.75 inch truss. 

After peak failure, however, the compressive stress at the loading points 

drops to 3.7 and 4.3 percent of the bending stress for the 52 inch and 

the 26.75 inch trusses, respectively. 

Despite the appreciable magniture of the compressive stress in tlu' 

three-rigid-corner truss, it was not combined with the bending stress 

but listed in a separate column. Until more is learned ol the exact man¬ 

ner of failure of the peak joint, there is inadequate theoretical basis to 

say whether the compressive stress should be added to or subtracted 

1 Richards, D. B. 1962. High-strength corner joints for wood. Forest Products 

Journal. Vol. XII, No. 9. 
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from the bending stress. The current study may throw some light on 

this subject on the basis of empirical evidence. 

DISCUSSION OF TEST RESULTS 

The most important thing to note in Tables 3 and 4 is that these 

triangular trusses yield rather consistently high strengths. The 143° cor¬ 

ner joint at the peak should only sustain a bending stress of 8,400 psi, 

yet in Table 3 it averages 10,020 psi and in Table 4, a surprising 12,107 

psi. These high strengths may give empirical support to the idea that 

the difference between the axial compressive stress and the bending 

stress should be used in calculating the stress at failure. The difference 

between the average axial compressive stress and the average bending 

stress would yield a value for the peak joint failure of 8,504 psi for the 

52 inch trusses and 10,002 psi for the 26.75 inch trusses. These values 

would be somewhat more in agreement with the expected 8,400 psi 

for the 143° corner joint fabricated with an Auburn F-joint. 

TABLE 4.—Loads and stresses on an isosceles triangular southern pine truss 

with rigid joints and 26.75 inch span. The peak joint was 143° 

and the eave joints 18!/2°. A concentrated load of 0.5 P 

was at the midpoint of each upper chord. 

Specimens 
broken on 

26%" span 

Load at 

failure 
of peak 

P| 

pounds 

Compressive 
stress 

at failure 
of peak 

PSI 

Bending stress 

at X — .191” for 

failure at peak 
psi 

Load at 
upper chord 

failure 

u 
pounds 

Ratio 

P2:p, 

% 

Bending stress 

at quarter pt. 
at upper chord 

failure 
psi 

1 B 3,125 1 ,880 9,676 2,825 90.4 12,064 
2B 3,550 2,164 10,470 3,200 90.1 13,016 
3B 3,000 1,829 9,240 2,600 86.7 1 1 ,045 
4B 3,100 2,179 12,824 3,050 98.4 17,227 
5B 2,700 2,269 14,492 2,700 100.0 19,788 
6B 3,300 2,707 15,558 3,100 93.9 19,957 
8B 2,675 2,01 1 12,247 _ 

9B 2,875 1,993 1 1 ,593 2,800 97.4 15,417 
10B 2,300 2,055 12,608 2,500 108.7 18,703 
1 1 B 2,300 1,892 1 1 ,088 2,400 104 3 15,789 

12B 2,500 2,107 12,310 3.000 120.0 20,171 

13B 2,400 2.173 13,176 2,450 102.1 18,367 

Averages 2,105 12,107 99.3 16,504 

In Table 3 the average bending stress at upper chord failure of 

12,394 psi is in the order of magnitude to be expected of southern pine 

(mostly loblolly pine in this study). The average of 16,504 psi from 

carefully matched material in Table 4 seems unusually high. The mem¬ 

bers of the 26.75 inch trusses had a somewhat greater depth span ratio 

than the 52 inch trusses (.04508 versus .03833). While this difference in 

depth span ratio would probably not by itself cause a large difference 
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in strength, it might be postulated that its effect on the enlargement of 

the corner-jointed region at the ends of the upper chord might be of im¬ 

portance. An independent study by Pincus, Cottrell, and Richards (un¬ 

published) has shown that little effect on the strength of a rigid trian¬ 

gular truss can be expected from rather large changes in the moment 

of inertia of the end regions of the truss members. Since the analysis of 

the truss was based on the geometry of the center lines of the mem¬ 

bers, it is possible that the deeper the members are, the further they de¬ 

part from the analysis. 

A relatively deep member might, due to support at the inner cor¬ 

ner, cause the effective span of a member to be somewhat shortened. 

While it is not clear that such an effect does take place, even if such 

an effect were postulated, it would not account for the large strength 

difference. Since stress is a direct linear function of the span, a fractional 

inch change in the span of one of the upper chord members would not 

account for an apparent stress of 16,504 psi from wood closely matched 

to specimens averaging 12,394 psi. At this time the abnormally high 

stress of 16,504 psi in the smaller trusses is not fully explained. 

If the data of Table 3 are taken as more reasonable values than 

those of Table 4, they still show considerable promise for the triangular 

truss. After the peak joint failed, these trusses on the average were able 

to hold 91.2 per cent of the load which caused failure at the peak. In 

a trussed rafter system, the members are generally close enough to give 

some mutual support through the roof sheathing. If one trussed rafter in 

a system were to fail at the peak joint, it would immediately deflect 

somewhat more than the two adjacent members and transfer some of 

its share of the roof load to them. If they could each withstand a small 

increase in load, the “broken” trussed rafter could still probably carry 

90 per cent of its load and the roof system would not collapse. The 

above discussion assumes failure due to a concentrated load at the mid¬ 

point of each span. Such a loading seldom, if ever, is applied to a roof 

system. In actual service, roof failure usually occurs as the result of a 

more or less uniform snow load, or as the result of an unbalanced uplift 

load due to wind. The latter case is not discussed in this study, but the 

uniform snow load would be the uniform horizontal load discussed in 

the section on analysis of triangular frames. Table 1 clearly shows the 

maximum moment in the upper chord would be noticeably less than the 

moment which caused failure at the peak. This means that the truss, 

while it would deflect more, would go on and carry a much larger uni¬ 

form load “W” than caused peak failure if the chord members were ol a 

lumber grade to yield a breaking stress as high as or higher than that ot 

the peak joint. 
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An Empirical Analysis Of Recent Economic 
Growth Trends Around Birmingham, Alabama 

J. Barry Mason and Lyndon E. Dawson, Jr. 
University of Alabama, University 

An initial step in defining and resolving problems of a public or 

semi-public nature affecting a given geographic area is a detailed eco¬ 

nomic and social portrait of the area and an examination of trends in 

the indices of economic and social development or lack thereof. Knowl¬ 

edge about the social and economic background of an area is essential 

to sound public decisions in such matters as master plans, zoning ordi¬ 

nances, transportation plans, urban renewal programs, taxation, distribu¬ 

tion of state and municipal revenues, and other such things that are 

so much in the news lately. In addition to the public policy aspects, in¬ 

dividual firms and entrepreneurs must have knowledge of the market 

prospects for a region whether these be in terms of retailing, whole¬ 

saling, services, or financial prospects, etc. Over the past several decades 

a substantial amount of information has been published concerning the 

national economy. Decisions of a local nature are made however based 

upon information applicable to a regional or local level. Such decisions 

are usually based on less detailed information than is available at the 

national level. One attempt to supply useful and detailed regional or 

local information by the U. S. Government is the publication of relevant 

statistics for retailing, wholesaling, services, manufacturing, income, 

population, etc. by Standard Metropolitan Statistical Areas (SMSA) 

which are defined by the Bureau of the Census as an area found to be 

economically and socially integrated and possessing at least one central 

city of 50,000 population. 

The problem arises however in determining what geographic area 

should logically comprise a SMSA. For instance, the Birmingham SMSA 

has traditionally been defined as being coextensive with Jefferson Coun¬ 

ty. However, a March 7, 1967, news release by the Birmingham Post- 

Herald indicated that the Birmingham SMSA had been expanded to in¬ 

clude Shelby and Walker counties. Questions arise as to why these two 

counties are now included in the Birmingham SMSA and also why they 

were initially excluded. According to this news release, the criterion for 

expanding the Birmingham SMSA was based primarily upon labor com¬ 

muting patterns between the affected counties. It is suggested that the 

primary use of labor commuting patterns in defining a SMSA may lead 

to an erroneous concept of what encompasses a regional area. To suf¬ 

ficiently analyze an area in terms of its social and economic integration 
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requires more than information on labor commuting patterns. Even if 

employment is to be a major criterion, employment information other 

than commuting patterns is necessary. For instance, one needs to know 

to what extent labor services have been and will be supplied by existing 

residents of the region and to what possible extent by immigrants, what 

changes may be expected in the size and mix of the labor force, what 

the precise present sources of employment are, and the degree that the 

sources of employment affect both the external and internal markets for 

goods and services in the SMS A. 

Employment information alone, no matter how detailed, does not 

justify its use as the primary criterion for defining an area in terms 

of spatial relationships, population, or urban growth dynamics. Infor¬ 

mation needs to be available about sources of income and the historical 

flow of this income within, between, and among regions. Additionally, 

zoning and residency patterns need to be examined. Tax collections, 

distribution of and shifts in retail and wholesale sales, type, variety, and 

extent of service as well as manufacturing activities also need to be 

examined to adequately develop sufficient insights to allow knowledge¬ 

able determination of the type and extent of metropolitan and regional 

planning necessary to guide present and anticipated levels of growth 

and development and to develop policies to positively influence eco¬ 

nomic growth in the various sectors of an economy that comprise its 

economic base. 

The first step in determining the shape, size, and intensity of inter¬ 

action of a local or regional area is to identify the key activities which 

function to bind the region together. Secondly, within the area, the 

hierarchy of economic, political, social, and cultural specialization must 

be identified and its relation to the outlying periphery examined in de¬ 

tail to identify the possible shifts and directions and extent of changes in 

dominance or specialization that have occurred or may be expected to 

occur in the foreseeable future. Certainly Birmingham may be consider¬ 

ed as the core city for its surrounding region. If one accepts the SMSA 

definition, this region encompasses Jefferson, Shelby, and Walker coun¬ 

ties. If one is inclined to accept a logistics definition, the area within 

one hour’s driving time in all directions may indicate the size of a geo¬ 

graphic area served by this core—namely, Birmingham. Studies have 

shown that people are ordinarily unwilling to drive more than one hour 

to reach a place of employment, to shop, to engage in recreation, ete. 

If Reilly’s law of gravitation, which states that economic activity is at¬ 

tracted to an area in direct proportion to its population and in inverse 

proportion to the square of the distance between regional cores, is ac- 

cepted, the area of regional domination of Birmingham, based upon 
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empirical investigation, extends approximately 60 miles outward in all 

directions from Birmingham. If neither of these concepts is found use¬ 

ful, Samuel Stouffer’s concept of intervening opportunities may be 

useful in defining a regional area. Briefly, Stouffer stated that “the 

number of persons going a given distance is directly proportional to the 

number of opportunities at that distance and inversely proportional to 

the number of intervening opportunities. 

VVe have been interested in judging the dominance of Birmingham 

and Jefferson County in the sense of there being a core or center of 

economic and social activity in relationship to the surrounding hinter¬ 

land. Without engaging in a debate on the methodology for determining 

the core of a regional area, we are considering for our purposes the 

hinterland of Birmingham as including a seven-county area comprising 

Bibb, Blount, St. Clair, Shelby, Jefferson, Walker, and Tuscaloosa 

counties. These counties are within one hour’s driving time of the city 

of Birmingham. The crucial question for partial analysis here is, has 

Birmingham strengthened its economic and social domination of its 

hinterland or has its position declined or remained static relative to its 

economic domination of its surrounding counties? Specifically, has there 

been an economic spillover from Jefferson County into the contiguous 

areas in terms of percentage of total employment, retail and wholesale 

sales, demand for transportation services, degree of service establish¬ 

ment prominence, or degree of financial activity? We have gathered and 

combined relevant data for selected economic indicators in order to 

answer this question. 

Population 

An examination of population trends within the seven-county area 

reveals that only three counties experienced relative gains in population, 

and these gains were small. Jefferson County experienced a gain of 0.7 

per cent; Walker, 0.4 per cent; and Tuscaloosa, 0.5 per cent. The na¬ 

tional trend is toward an increasing urban growth and a declining rural 

population, and this is borne out in Alabama by the fact that Jefferson 

County experienced the largest relative and absolute gain in popula¬ 

tion of the seven-county area during this five-year period. Small abso¬ 

lute gains in population size were experienced by Shelby and St. Clair 

counties even though their relative importance declined. Evidence of 

population redistribution within the seven-county area exists. This re¬ 

distribution was primarily at the expense of Bibb and Blount counties 

which declined in population both relatively and absolutely. Jefferson 

County seemed to be absorbing the largest relative and absolute popu- 
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lation increases in keeping with the national trend toward increasing 

urbanization. 

Household Income 

A varied pattern in terms of household income was in evidence 

for the area under examination. Declines in household income approxi¬ 

mating 2 per cent during the five-year period were experienced by 

both Bibb and St. Clair counties. Substantial gains in household income 

of 2S per cent and 21 per cent were experienced for Tuscaloosa and 

Walker counties, respectively. The smallest positive increase of the 

seven-county area, 10 per cent, was experienced by Jefferson County. 

This variable gives credence to the hypothesis that an economic spill¬ 

over into the surrounding counties was occurring and that it was weak¬ 

ening the position of Jefferson County as the central place for its sur¬ 

rounding hinterland. 

Bank Deposits 

Trends in bank deposits are considered valid indicators of the 

economic health of a region. An examination of total bank deposits re¬ 

vealed that of the seven-county area only Jefferson County experienced 

a relative decline in its position of importance in possession of total 

hank deposits. Further, when demand deposits were considered, Jeffer¬ 

son County was the only county experiencing a relative decline in de¬ 

mand deposits during the period under observation. These statistics 

support the hypothesis that an economic spillover into the other coun¬ 

ties was occurring. However, when time deposits were examined, it was 

observed that Jefferson County experienced a substantial relative in¬ 

crease in time deposits while all the other counties with the exception 

of St. Clair were experiencing relative declines. The question arises that 

perhaps this increase in time deposits in Jefferson County was a func¬ 

tion of high interest rates paid on time deposits in recent years. 

Retail Sales 

An examination of the pattern of retail sales presented by the seven 

counties even more dramatically emphasizes the economic spillover into 

the surrounding counties that lias occurred over the five-vear period. 

All of the counties with the exception of Jefferson County experienced 

significant absolute and relative increases in retail sales. Contrasted to 

this, Jefferson County experienced a 12 per cent decline in relative im¬ 

portance of retail sales during this period. This offers some proof that 

interceptor shopping facilities are rapidly increasing in importance in 

the counties surrounding Jefferson. 
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W holesale Sales 

Carrying the analysis still further, in terms of wholesale sales, Jef¬ 

ferson County again registered the largest percentage relative decline in 

percentage of area wholesale business. All of the other counties with 

the exception of Shelby experienced relative increases in sales. This de¬ 

cline in Jefferson County amounted to 0.6S per cent in spite of 95 more 

wholesale establishments in existence available to serve this area. 

Service Establishments 

Further analysis revealed that Jefferson County was the only county 

to experience a relative decline in its position of importance in terms of 

number of service establishments during the five-year period. However, 

when service establishment sales were examined, it was observed that 

Jefferson County experienced both an absolute and a relative increase in 

its position of importance in service establishment sales. All of the other 

counties, with the exception of Tuscaloosa, experienced relative declines 

in service establishment sales during this period. Hence, a varied pat¬ 

tern emerges and it is inconclusive as to whether an economic spillover 

into the surrounding counties has occurred when service establishment 

statistics are examined. 

Employment 

When total employment statistics were examined, no discernible 

pattern in shifts in position of relative importance was detected aggre- 

gatively nor in each of the component elements that make up total 

nonagrieultural employment; no evidence of economic spillover was 

found in employment statistics. However, it is significant that Jefferson 

County, in spite of its diversified economic base and specialized labor 

force, had not increased its relative importance in terms of total em¬ 

ployment or component elements of the labor force, as one might con¬ 

clude should have occurred. 

Demand for Transportation 

To the extent that motor vehicle registration reflects a demand for 

transportation and its related services, this has been included in the an¬ 

alysis to determine if there is a discernible trend in this variable. 

Only two of the seven counties showed evidence of a declining rela¬ 

tive importance in terms of motor vehicle registration. Tuscaloosa ex¬ 

perienced only an insignificant decrease, while Jefferson County ex¬ 

perienced over a 2 per cent decrease in relative importance. The re¬ 

maining five counties increased their position of relative importance. 
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These data support the hypothesis of an economic spillover into the sur¬ 

rounding counties. 

Conclusions 

The above information suggests that a limited economic spillover 

from Jefferson County into surrounding sister counties has occurred. 

The economic performance and the dynamics of Jefferson County have 

not entirely equaled the performance in the other six counties. Certain 

statistics show that Jefferson County is maintaining the status c/uo but 

not in any way strengthening its position of economic domination. As 

a general overall indicator, sales tax receipts were examined and posi¬ 

tions of relative importance among the counties have not shifted over 

the five-year period. 

This does not indicate that Jefferson County is going to wither 

and disappear. Obviously, absolute gains in all categories outstripped 

the surrounding counties because of the diversified and complicated eco¬ 

nomic base of the county and because of the populous urbanized nature 

of much of the county. Jefferson County as a center of activity for 

retailing, wholesaling, finances, etc. is experiencing a decline in rela¬ 

tive importance in spite of the fact that it possesses a diversified eco¬ 

nomic base, large capital accumulations, and a large and specialized 

labor force. 
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The Role Of Alabama’s Labor Force In The 
State’s Economic Growth, 1940-60 

G. T. Stewart 

Troy State College 

Troy, Alabama 

Output (income) per capita at any point in time depends on the 

size of the labor force, the stock of capital, the amount of land, and the 

proportion in which these factors are combined. On the other hand, 

variations in output per capita over a period of time depend upon 

changes in the quantity and the quality of the factors, as well as shifts 

in factor proportions (6). Even though this formulation disregards po¬ 

litical and social elements, this seems a valid theory to explain regional, 

state, or national economic growth. 

Limitations of time and space will not permit a full review of the 

entire theory as it relates to Alabama’s recent economic growth. As a 

result, only that part of the theory relating to changes in the size and 

effectiveness of the labor force will be investigated. An effort will, 

therefore, be made to determine the role played by Alabama’s labor 

force in the rise of Alabama’s per capita income from $282 in 1940 to 

$1,488 in 1960 (3). 

The productivity of the work force and the ratio of gainfully em¬ 

ployed persons are two variables which are important to a state’s per 

capita income. These two variables are, in turn, influenced by several 

other elements. The entire scheme of labor force effectiveness is pre¬ 

sented below: 

EFFECTIVENESS OF THE LABOR FORCE 

1. Productivity of work force 

A. Stock of capital 

B. Worker’s education and health 

11. Ratio of gainfully employed persons 

A. Age structure of population 

1. Birth rate 

2. Death rate 

3. Migration 

B. Job opportunities 

Some variations in the productivity of the work force and the 

ratio of gainfully employed persons — the number of employed persons 

for each 100 persons in total population — will cause a rise in per capita 
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income. Naturally, a decline in both variables or a decline in one while 

the other does not vary will result in a fall in per capita income. If 

per capita income is to rise, the values of both variables must increase, 

or one of them must increase while the other is constant. Alternatively, 

per capita income will rise if one variable increases more than the other 

declines. The consequences of other arrangements of the variables should 

now be evident. 

PRODUCTIVITY OF WORK FORCE 

The simplest way to analyze the relationship between Alabama's per 

capita income and the ratio of gainfully employed persons, on one hand, 

and the productivity of the work force on the other is to analyze each 

factor separately. This will be done by first examining the influence 

of the productivity of the work force upon per capita income. 

While it is an indisputable fact that Alabama’s stock of capital has 

been increasing, it is virtually an impossible task to measure the rate of 

this increase because reliable data on Alabama’s capital stock simply 

do not exist. In the absence of suitable data on Alabama’s capital 

stock, some scheme must be devised to provide at least a crude approxi¬ 

mation of the increasing use of capital. One way to solve this problem 

is to use electrical energy consumption as a crude measure of changes in 

the stock of capital. 

During the period 1940-60, electrical energy consumption for in¬ 

dustrial purposes rose by 561.9 per cent while population increased 15.3 

per cent (3). Since electrical energy consumption rose faster than 

population, a shift in factor proportions between capital and labor 

occurred. Undoubtedly, as each worker used more capital, the produc¬ 

tivity of the labor force rose. 

A rising level of educational achievement also contributed to in¬ 

crease in the productivity of the labor force. Although there are sev¬ 

eral simple and effective methods of measuring educational achieve¬ 

ment, one excellent method is the median school years completed by 

persons 25 years of age and over. Using this measure, it was found that 

the number of school years completed by Alabamians rose from 7.1 in 

1940 to 9.1 in 1960 (3). Over this same twenty-year period, the num¬ 

ber of persons who had completed high school rose 163 per cent while 

those completing four or more years of college rose 144 per cent, al¬ 

though population rose only 15.3 per cent. These data indicate that 

the quality of Alabama’s labor force improved substantiallv and. of 

course, the same is true of capital. 

The advance of educational achievement had two effects on Vla- 

bama’s per capita income. First, as young people refrained from enter- 
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ing the labor force and stayed in school longer, the growth of the labor 

force was inhibited. For example, if school enrollment by age had 

remained at the 1940 level, approximately 33,000 additional young peo¬ 

ple between the ages of 18 and 24 who were in school in 1960 would 

have been available for work. Some, but not all, of these young people 

would have entered the labor force. 

Fortunately, the positive effects of a higher level of educational 

achievement more than offset the tendency to inhibit the growth of 

the labor force. It is a well known fact that educational achievement 

exhibits a high degree of correlation with the level of per capita income. 

The data obtained in the I960 census of population indicate that those 

persons who have higher per capita income also have completed more 

formal education as measured by the number of school years com¬ 

pleted (9). Although not all of the differences between educational 

achievement and per capita income are due to education, Edward Deni¬ 

son has estimated that three-fifths of these differences are due to edu¬ 

cation. In consequence, we can presume that, as more persons complete 

additional years of schooling, per capita income will rise. Unless the rise 

in educational achievement and the rise in the stock of capital are off¬ 

set or counter balanced by a smaller ratio of gainfully employed per¬ 

sons, per capita income should rise — on this account. 

GAINFULLY EMPLOYED PERSONS 

Changes in the ratio of gainfully employed persons also directly 

affect per capita income. The term ratio of gainfully employed persons 

as used in this paper means the ratio of employed persons — excluding 

those unemployed and those in the armed forces — to total population 

of all ages. For example, the total number of employed persons in Ala¬ 

bama was 1,065,897 in I960 while the total population was 3,266,740; 

therefore, the ratio of gainfully employed persons was 32.6 per cent 

(Table 2). Likewise, the same idea can be expressed by stating that 

32.6 of each 100 persons were employed. Since a rise in the ratio 

of gainfully employed persons means that a larger proportion of popu¬ 

lation is employed, per capita income will rise, ceteris paribus. Similarly, 

a decline in this ratio signifies a decline in per capita income. 

Most economists believe that increases in population do not neces¬ 

sarily result in higher per capita income. A rise in population would 

probably increase the absolute number of employed persons, but it 

does not necessarily increase the ratio of gainfully employed persons. 

For this reason, it seems that unless a rise in population occasions a rise 

in the ratio of gainfully employed persons, a rise in population will not 
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by itself cause a rise in per capita income. Simon Kuznets believes that 

population growth has permitted substantial rises in product per capita 

despite limitations imposed bv natural resources and man-made capital. 

His studies have also led him to the belief that only rarely in the last 

two centuries has declining population growth been accompanied by a 

substantial rise in per capita income (7). Followers of Kuznets will pro¬ 

bably conclude that a rising population may be essential to assure eco¬ 

nomic growth. This should not be interpreted to mean, however, that 

the rate of population growth is highly correlated with the rate of in¬ 

crease of per capita income. 

The relationship between the growth of population and per capita 

income is important in connection with Alabama’s economic growth 

over the period 1940-60, because the state has a high regional birth 

rate and a low death rate which resulted in a high rate of natural in¬ 

crease of population (4). However, since the state suffered an out¬ 

migration of 603.3 thousand persons over the period, the state realized 

a smaller than average increase in population. Yet, the state had a 

higher than average increase in per capita income. These relationships 

are shown in Table 1. 

Table 1. — Percentage change in per capita personal income and population 

for Alabama and United States1 (Compound percentages) 

Per capita 

personal income Population 

Years U.S.A. Alabama U.S.A. Alabama 

1940-50 9.7 12.1 1.4 0.8 

1950-60 4.0 5.4 1.9 0.7 

1 Since this table is based upon percentage changes, the figures are strongly 

influenced by the different magnitude of the bases. 

Source: Based on Bureau of Business Research, University of Alabama, Eco¬ 
nomic Abstract of Alabama: 1966 (University, Alabama: December 
1966), pp. 147, 149. 

Birth rates, death rates, and migration influence the age structure of 

population, which, in turn, is a determinant of the ratio of gainfullv 

employed persons. Table 2 contains the ratio of gainfully emploved per¬ 

sons in the state and nation in 1940, 1950, and 1960. Over the tvventv 

years covered in the table, Alabama’s ratio of gainfullv emploved per¬ 

sons rose 1.2 per cent. The rise in this ratio obviouslv caused some ot 

the rise in per capita income. If the ratio of gainfullv emploved persons 

in the state had remained at the 1940 level, employment in the state 

would have been 39,200 below the level attained in 1960. \ reduction 
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in unemployment rates is, of course, responsible for much of the rise in 

the ratio. Lower levels of unemployment mean a higher ratio of gain¬ 

fully employed persons and thus higher per capita income. 

Table 2. - Ratio 

States: 

of gainfully 

1940, 1950, 

employed persons for Alabama and United 

1960. (Per cent of population) 

Race 

1940 

Alabama U.S.A. 

1950 

Alabama U.S.A. 

1960 

Alabama U.S.A. 

White 29.9 34.0 34.0 37.5 34.2 36.5 

Nonwhite 34.4 34.8 33.0 35.5 28.9 32.4 

Total 31.4 34.1 33.7 37.3 32.6 36.0 

Source: Based on U. S. Department of Commerce, Bureau of Census, U. S. 

Population Census, Vol. I, Parts 1 and 2. 

While Alabama’s ratio of gainfully employed persons rose by 1.2 

per cent from 1940 to I960, the ratio for the nation rose by 1.9 per cent. 

Thus Alabama’s ratio fell short of that achieved by the nation in 1940 

by 2.7 per cent and by 3.4 per cent in I960. 

One reason why per capita income of Alabamians falls short of 

that achieved by the nation is the lower ratio of gainfully employed 

persons in the state. If Alabama’s ratio of gainfully employed persons 

had been on par with that of the nation in I960, the state’s per capita 

income would have been approximately ten per cent higher. Increasing 

the state’s ratio of gainfully employed persons up to the ratio for the 

nation would have added 111,000 workers to the state’s work force in 

1960 and it would have reduced the difference between per capita in¬ 

come in the state and the nation by 20 per cent.' Per capita income is 

obviously a function of the proportion of the population gainfully 

employed. 

Two principal factors appear to explain the lower ratio of gainfully 

employed pjersons in the state. First, as is shown by the data in Table 3, 

the proportion of young persons in the state is substantially above that 

for the nation. In 1940 the proportion of persons under 20 years of age 

in the state was 8.5 per cent above that for the nation, and in 1960 it 

was 4.1 per cent above. A higher proportion of young persons reduces 

the number of persons in the age group 20-64. Since 90 per cent of the 

nation’s work force comes from the age group 20-64, the lower propor¬ 

tion of persons in this age group obviously has inhibited the expansion 

of the work force (1). 

1 Increasing Alabama’s per capita income by 10 per cent or $149 would have 

eliminated 20 per cent of the difference of $727 between per capita income 

of the state and nation. 
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Table 3. Percentage distribution of population by age groups for selected 

years 1940-60: Alabama and United States 

1940 1950 1960 

Age Groups Alabama U.S.A. Alabama U.S.A. Alabama U.S.A. 

Under 20 years 42.9 34.4 41.4 34.0 42.6 38.5 

Working ages 20-64 52.1 38.7 52.2 57.9 49.6 52.5 

Over 65 years 4.8 6.8 6.5 8.2 8.1 9.2 

Source: See source note to Table 2. 

The second factor which appears to explain the lower ratio of gain¬ 

fully employed persons is the lack of job opportunities. In this connec¬ 

tion, Rex D. Roach, Director of Industrial Relations, State of Alabama, 

has expressed the belief that, 

“Alabama’s labor force participation rates have been lower than the 
nation’s because job opportunities in this state have been less than in 
the nation as a whole. Experience has shown that some workers who 
are otherwise not seeking jobs, enter the work force when definite op¬ 
portunities become available. We believe that industrial expansion in 
the state would result in a higher labor force participation.” (letter 
received 1-20-67). 

The net outmigration of persons, already referred to above, seems 

to provide ample support for Mr. Roach’s contention. Usually when a 

state experiences a net outmigration of population it is producing a 

surplus of job seekers over job opportunities. Undoubtedly, some persons 

who left the state were unable to locate jobs suited to their education, 

training, and skill, while others were probably seeking higher income. 

Another factor which could explain the lower ratio of gainfully 

employed persons is leisure. If Alabamians have a greater propensity to 

seek leisure in preference for work, the ratio of gainfully employed per¬ 

sons would be lower. However, this does not seem to be the case. In 

general, Alabamians have about the same preference for leisure as other 

Americans. Thus, leisure is probably not a cause of the lower ratio of 

gainfully employed persons. 

Although Alabama has a comparatively lower ratio of gainfully 

employed persons than the national average, increases in the ratio plus 

gains in the productivity of labor over the period 1940-60 provided a 

stimulus to per capita income. However, not all of the increase in per 

capita income can be attributed to these two causes. Some of the in¬ 

crease in Alabama’s per capita income was caused by a decline in the 

relative importance of low-wage industry and a rise in the relative im¬ 

portance of high-wage industry. When workers leave low-w age jobs to 

accept high-wage jobs, per capita income will tend to rise. One such 
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shift in employment in the state involves the shift from agriculture to 

manufacturing. In 1940, 39.8 per cent of Alabama’s labor force was 

employed in agriculture compared to 9.6 per cent in 1960. Over this same 

period, employment in manufacturing rose from 17.4 per cent of the 

labor force to 26.5 per cent. 

CONCLUSIONS 

A rise in the ratio of gainfully employed persons and an improve¬ 

ment in the productivity of the work force contributed to a substantial 

rise in Alabama’s per capita income during the period 1940-60. Pro¬ 

ductivity improved because of a higher level of educational achievement 

and an increase in the stock of capital equipment. 

The state lags substantially behind the nation in the ratio of gain- 

fully employed persons. This lower ratio of gainfully employed persons 

explains approximately twenty per cent of the difference between per 

capita income in the state and the nation. A higher proportion of young 

persons in the state and a lack of job opportunities appear to cause the 

lower ratio of gainfully employed persons. 
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Turbulence Interpreted As Flow-Amplified 
Irregular Motion 
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INTRODUCTION 

The behavior of particles in flow fields is of considerable impor¬ 

tance in the study of a number of physical processes. It has been shown 

recently that the injection of particles or droplets into boundary layers 

may be an efficient cooling process, if the particle diameter has a cer¬ 

tain relation to the Reynolds Number (2) based on the main flow. For 

the investigation of erosion processes it is necessary to know with what 

frequency particles of certain size collide with the surface. 

The motion of particles in flow fields may also be considered from 

more fundamental aspects. The purpose of this paper is to show, how a 

flow field may amplify the irregular Brownian motion of particles, so 

that turbulence may occur. However, a theory of this extent is not a 

complete explanation of the phenomenon of turbulence, as long as the 

particles are foreign, injected particles. In order to fully interpret tur¬ 

bulence from the aspect of particular motion, one has to show how the 

fluid itself may generate “lumps” of liquid of the proper size so that in¬ 

stability can occur. This latter part of the problem will be left to a 

later investigation. 

It is most appropriate to study the flow induced amplification effect 

of irregular motion in simple Couette flow between two parallel plates. 

UNDISTURBED PARTICLE MOTION 

The equations of motion of a spherical particle of radius r sub¬ 

jected to the forces of drag, inertia and lift are: 

4/3 xr3 7Tp = — Gtt/jl (x — cry) (1) 
L 

L 

where (x, y) is the position of the center of the sphere, « = velocity 

gradient, p = density of the particle, p = density of fluid, p vis¬ 

cosity of the fluid. 

With A = - v— - 2p r (3) 

L 

b = -£ 
p 8 

L 
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The equation for the y-component may be written 

v — 2Ay + (A~ — of'B) y + ^ = 0 (5) 

ki is an integration constant. In a linear second order equation the fac¬ 

tor of y determines the binding force of the particle to the streamline. 

With increasing a the binding decreases, but the reduction in binding 

may be counterbalanced by decreasing the particle radius. If disturbing 

forces were present, the particle would react more violently under their 

influence at a high velocity gradient than at a low one. We will dis¬ 

cuss here only disturbing forces of a statistical nature, the time dis¬ 

tribution and intensity of which are unknown. Therefore, one has to 

treat the inhomogeneous equations in which these forces occur in such 

a way that by the application of a certain operation these forces may be 

eliminated. Before the inhomogeneous equations are treated we may 

learn something from the general solution of 5: 

(A + ayT) t (A — a\/B) t 
y = c,e + c2 Ak, (6) 

(A2 -ofB) 

C] and c2 are integration constants, depending on the specific boundary 

conditions. In order to obtain a bounded solution one has to postulate 

that the exponents are negative. Since A is negative the second ex¬ 

ponent satisfies this condition. The first exponent, however, must satisfy 

the inequality 

A + a\/B < 0 (7) 

From this we may obtain the maximum particle diameter of a particle 

that will be stable. Stable means here, that the particle remains on its 

streamline forever. From 3 and 4 we obtain: 

9 fJL 

r < 2 p a IP 3tt 
(3) 

v> s 

For water one obtains for a 1000 [sec1] and p p , r—7 . 10 :i [cm] 
L 

Only particles of smaller than the critical radius size will “float” in the 

liquid and thus truly indicate the behavior of liquid motion. 

If the particles are injected with a certain initial velocity v perpen¬ 

dicular to the plates, one must also demand that y < 8 for 0 < t < co 

From this condition one obtains a limiting injection velocity, 

A; — of B v < 8 
A 

(9) 
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DISTURBED PARTICLE 

If forces with the accelerations fi (t) and f2 (t) in the x- and y- 

directions respectively act on the particle, the equation of motion in 

matrix form may be written: 

x = Px + Qx + f (10) 

where x 

P 
A 0] 

—ctB Aj 

ff. (t) 
[MO (11) 

(Ha) 

—a A 
a~ B (lib) 

Equation 10 is now multiplied with xT and integrated over a time in¬ 

terval which is large compared to the average period of the disturbing 

forces. 

After a few modifications one obtains the equation: 

t t t t (12) 
]_ / _1 d~ T ^ 1_ / d _ T ( _ T 

tj 2 dt2 (x x)dt—7J (x x) dt = 2tJ dt (x Px) dt + tj (x Qx) dt 

The term 
i r~ t 

t J x fdt ^ 0 if only t is chosen large enough. 

According to Boltzmann’s energy distribution principle 

WVjl 2kT 
t J X X dt - M 

13) 

M — p 4 r 3 7r 
L 3 

The matrix P may be split into its symmetric and skewsymmetric 

part. It can be shown that the quadratic form with the skewsymmetric 

component becomes zero of t is made large enough. The symmetric 

component is transformed to principal axes. The corresponding eigen¬ 

values are: 

X, = -A + Sf- 

As = -A- ^ (13b) 
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Transforming x Qx on principal axes and assuming uniformity of the 

distribution effect in the x and y directions one obtains 

x Qx = c* B|x| (14) 

Now the term 

1 f |-|a 
2tJ |x j c dt (15) 

may be interpreted as the average potential energy of a particle if c is 

the spring constant. It may be assumed that Boltzmann’s energy distribu¬ 

tion law applies for the potential energy in the same way it was applied 

to the kinetic energy as in Equation 13. From Equation 5 one obtains 

with the definition of the spring constant: 

c = (A2 — or B) M (16) 

Inserting all these expressions into Equation 12 one obtains for the mean 
T _ 

square value of displacement x x z, the ordinary differential equation 

± z 4kT / 
M 

cr B 
AL - a B 

) t (17) 

4kT 
The term-j is the term appearing in the equation for normal 

Brownian motion in a medium at rest(,). We have thus found the am¬ 

plification factor p 

P 
4kT 

AM 
(f 

or B 
-) t 

A" - cr2 B 
(18) 

which determines how much irregular particle motion will be intensified 

if the particle is in a flow field of velocity gradient a. As cUB ► A2 full 

scale turbulence will occur. The tendency of injected particles to gene¬ 

rate turbulence in a given flow field increases with the fourth power 

of particle diameter. It is easy to show how the critical Beynokls num¬ 

ber will be decreased if particles are in the fluid (3). 
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Some Findings Concerning Life Science Concepts 
Of Elementary School Pupils 

D. F. Butler 

Livingston University 

Livingston, Alabama 

Before proceeding to present some findings concerning life science 

concepts of elementary school pupils, it will be desirable to deviate 

temporarily. The purpose of this digression is to comment on the mean¬ 

ing of the term, concept, and to explain how it has been used in this 

paper. No all-encompassing definition of a concept can be offered, for 

definitions vary with the investigator and no single one is generally 

acceptable. But in order to have arrived at these findings, concepts had 

to be rendered measurable. An operational definition, therefore, which 

permitted measurement, was assumed and an instrument was sub¬ 

sequently developed. 

A concept was assumed to be an area or range of understanding. 

This understanding was considered to be composed of a number of 

lesser or sub-understandings, which were termed percepts. The concept, 

for example, that the growth rates of living things differ, is composed 

of such lesser understandings, or percepts, as the facts that birds and 

grasshoppers grow rapidly as compared to the rate at which a human 

grows, and that a pine tree or saguaro cactus grows slowly in com¬ 

parison. 

The findings to be discussed herein pertain to concepts composed of 

constituent parts, or percepts. In the illustration cited above, knowledge 

that a grasshopper does not grow for as long a time as a boy is a percept; 

while knowledge, in addition, that neither do birds nor dogs grow for as 

long a time as a boy, combined with the knowledge that trees and saguaro 

cacti grow for a longer time than a boy constitute a concept. The con¬ 

cept thus identified is that the growth rates of living things differ. 

So each concept was represented by six percepts to which a series 

of six responses was to be made. 

METHOD 

The domain of elementary life science, as presented in textbooks, 

curriculum guides, scope and sequence charts, and other appropriate 

materials, was investigated and a number of concepts were selected. 

The concepts were considered to be open-ended since only those 

aspects normally expected to be within the instructional province of 

grades one through six were to be tested for. Those concepts selected 
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were grouped around six arbitrary characteristics of living things, 

namely: growth, metabolism, adaptation, responsiveness, reproduction, 

and structure. 

The previously explained definition and assumptions concerning 

the usage of the term, concept, were then utilized in the following 

manner. A test plate, consisting of six line-drawings representing the 

six percepts, was constructed for each of the 35 selected concepts. A 

yes or no question was devised to elicit information about each draw¬ 

ing, or percept, and hence about the concept as a whole. 

Correct responses to all of the six percepts on a given plate were 

interpreted as evidence that the concept being tested for had been 

developed or attained. Correct responses to less than six percepts in¬ 

dicated lack of attainment of the concept being tested. The test score, 

therefore, was the number of plates on which the pupil responded 

correctly to all of the six percepts comprising the plate. 

The findings described in this paper were extracted from the 

standardization data of a stratified random sample of 192 pupils in 

grades one through six from a school population of approximately 

50,000 from the Nashville, Tennessee metropolitan area. These results 

Grades 

Figure 1. — Percentages of pupils recognizing the meaning 

of 35 concepts in life science. 
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w ere cross-validated by a similar administration of the test in Sumter 

County, Alabama. 
RESULTS 

The attainment of the collective concepts over the grade range is 

shown in Figure 1. The points along the curve represent the per cent 

of concepts scored by each grade. Note the steady increase from 

13 per cent in the first grade to 54 per cent in the sixth grade. It will 

not be expeditious to comment here on each of the 35 concepts that 

were tested for. Rather, only those concepts in each of the six areas 

which had failed to develop to a certain extent in the sixth grade wall 

be noted (Fig. 2). A low score in the sixth grade, of course, presumes 

successively lower scores in the descending grades. Since the mean 

attainment of the collective concepts in the sixth grade was 54 per cent, 

all those concepts which yielded scores below the mean will be 

examined. 
Percent 

20 liO 60 

Figure 2. — Percentages of sixth grade pupils recognizing the meaning oi 

concepts grouped as characteristics of living things. 

Growth 

Among the three concepts related to growth, none in the sixth 

grade yielded less than the mean score and will hence not be com¬ 

mented upon further. 
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Metabolism 

The concepts pertaining to metabolism were more difficult. Al¬ 

though four of those measured had developed to points beyond the 

mean, three others had not. The concept of plants manufacturing their 

own food yielded a percentage score of 47 in the sixth grade. 

A related concept, which concerned the requirement of plants or 

animals for carbon dioxide from the air, appeared to be developing 

slowly. While many were aware that plants required carbon dioxide, 

they thought also that animals must obtain it from the air. 

Another concept concerned the constant expenditure of energy by 

living things and apparently was not developed. Few denied that 

animals exhibiting movement were using energy, but 69 per cent of the 

sixth graders denied that a boy quietly sleeping was also expending 

energy. 

Adaptation 

The next group of concepts yielding less than the mean score were 

in the general area of adaptation. There was still a lack of understand¬ 

ing, at the sixth grade level, that animals obtain water in various ways. 

Approximately 24 per cent did not know that water could be obtained 

from plants by desert animals and that nursing infant mammals re¬ 

quired no additional water. The manner in which plants obtained water 

also was confusing for some. More than 40 per cent seemed to think that 

water entered plants through the leaves as well as by the roots. 

Seasonal adaptations were not clearly understood. Some main¬ 

tained that a tree, bare of leaves, could not live in the winter, and that 

an insect could not survive a winter in the pupal stage. 

The variations in the structures for the receipt of stimuli seemed 

difficult. Forty-one per cent did not respond, for instance, that the 

spot-like tympanic membrane of the frog was used for hearing, yet 

about the same number surmised that a structure near the head of a 

grasshopper was used for hearing. 

Responsiveness 

Two of the five concepts pertaining to the characteristic of re¬ 

sponsiveness yielded scores below the mean. One of these was the con¬ 

cept of the external sense organs as receivers of information about the 

environment. There was little doubt about the ear receiving informa¬ 

tion, but fewer seemed aware of the existence of sensory receptors in 
the skin, such as on the legs. A sizable number also seemed to think 

that such articles such as gloves, coats, and umbrellas somehow con¬ 

veyed information about the world around them. 
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The other concept pertaining to responsiveness proved to be dif¬ 

ficult in the sixth grade, and the other grades. It dealt with learning 

versus instinct. Most agreed that a boy learns to balance himself on a 

narrow board and that a dog learns to relinquish the bird he has 

retrieved. Sixty-six per cent maintained, in addition, that a bird learns 

to build its nest, and slightly fewer thought also that honeybees learn to 

work on the honeycomb. 

Reproduction 

Three of the five concepts related to reproduction yielded scores 

below the mean. One was the concept of flowers bearing the seeds, or 

sexual reproductive parts, of plants. Most recognized that seeds do not 

come from such parts as leaves, but 31 per cent said that seeds come 

from roots. 

The concept of how eggs are incubated was reasonably difficult. 

No sixth grader thought hen eggs could hatch inside a refrigerator; 

however, a small per cent said they could hatch when placed near a 

window. Thirty-four per cent seemed to think that insect eggs could 

hatch underground during the winter. 

Another concept dealt with the development of some animals from 

eggs outside the mother’s body. Only two sixth graders thought that 

rats, along with birds and turtles, hatched from eggs. But 28 per cent 

thought also that bats hatched from eggs, and 34 per cent seemed not 

to know that grasshoppers hatch from eggs. 

Structure 

The remaining concepts to be commented on are those relating to 

the structure, or organization, of living things. Five out of a total of 

seven of these yielded scores below the mean. Of particular interest was 

the response to animal classification. Pupils in the lower grades readilv 

identified both a fish and a butterfly as animals but by the time the fifth 

and sixth grades were reached an element of doubt was manifested. 

Only 9 per cent of the first graders failed to respond that a fish was an 

animal, yet 28 per cent of the sixth graders said that a fish was not 

an animal. A similar pattern of response was made to the butterflv. \ 

starfish, however, raised doubt all across the grade range. 

The concept of cells as the basic units of living lliings was not 

developed. Although most sixth graders seemed to know that inanimate 

objects were not composed of cells, some thought that plants were not 

made up of cells (31 per cent said that a geranium was not made up of 

cells). More seemed to know that an earthworm was composed ol cells, 

and more yet, that a boy was composed of cells. 
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Knowledge of the digestive system was incomplete. Thirty-eight 

per cent failed to agree that the mouth was a part of the digestive sys¬ 

tem. Other parts, such as the stomach, were more readily recognized. 

The concept of microorganisms was beginning to develop. Practi¬ 

cally all sixth graders admitted the possibility of living things in a jar 

of pond water or on a slide under a microscope. Few said there could 

be anything alive in the expulsion of a sneeze. 

The concept of insects was a difficult but revealing one. Most sixth 

graders knew that houseflies, grasshoppers, and butterflies were insects, 

but 59 per cent thought also that snails were insects and a lesser num¬ 

ber thought crayfish and bats were insects. 

CONCLUSION AND DISCUSSION 

The findings of this study lend credibility to the assumptions which 

were used to conduct it. Life science concepts were rendered measur¬ 

able by the assumption that they were composed of a group of related 

understandings. The measurement of these understandings showed steady 

increase over the grade range one through six. 

The responses to the individual concepts suggested a rough time¬ 

table for their development. Some of the responses warrant closer ex¬ 

amination. What factors are operating to produce slow attainment? Are 

the instructional materials and/or methods of presentation adequate? 

With continuing emphasis being placed on the development of and 

teaching for conceptual understandings, there seems to be little ques¬ 

tion of the need for means to evaluate the outcome of such emphasis. 

The possibilities of the use of an instrument such as the one herein de¬ 

scribed for various evaluative purposes seem feasible. Although these 

findings have been cross-validated and the instrument is reasonably 

valid and possesses sufficiently high reliability, it seems desirable that 

further testing on a larger scale be done. How widespread is the notion 

that a sleeping boy is expending no energy, or that a butterfly’s being 

an insect precludes its being also an animal? Or are these the proper 

concern of sixth graders, or less? Such questions are posed by these 

findings. 
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A Plea For Byzantine Studies 

George R. Monks 

Department of Social Studies 

Livingston University, Livingston, Alabama 

It is now a little more than 500 years since that fatal Tuesday 

morning. May 29, 1453, when Constantinople fell to the Ottoman Turks 

due to the shameful neglect and indifference of Western Christendom; 

and it has taken most of that time to re-establish the importance of 

Byzantine Studies. 

The French of the “Grand Siecle” under Louis XIV took the lead 

and made an excellent beginning in the truly scientific study of the 

Bvzantine Period (12). In 1645, the Louvre Press, with a handsome type 

known as “Royal Greek,” published the History of Cantacuzenus, in¬ 

augurating the famous series of the works of Byzantine historians that 

had reached 34 folio volumes by 1711 under the patronage of the King 

and Colbert. Du Cange (1610-1688) was the greatest of these early 

French scholars, and his work is still an indispensable tool in Byzantine 

scholarship. 

Until the middle of the 18th century, therefore, France led the 

world in Byzantine Studies; then came the so-called “Enlightenment,” 

and the Age of Reason plunged Byzantium into opprobrium once more. 

Voltaire, with the usual shallow wit of his superficial mind, speaking 

of Bvzantine history, wrote: "This worthless collection contains nothing 

but declamations and miracles. It is a disgrace to the human mind.” (12) 

In the Anglo-Saxon world, this point of view is epitomized by Gibbon 

(4), who — in the 5th volume of his history, when he has already cover¬ 

ed five centuries of the Decline and Fall and still contemplates in 

despair more than eight centuries to go — writes: “Should I persevere 

in the same course ... a prolix and slender thread would be spun 

through many a volume. ... At every step, as we sink deeper in the 

decline and fall of the Eastern Empire, the annals of each succeeding 

reign would impose a more ungrateful and melancholy task. These an¬ 

nals must continue to repeat a tedious and uniform tale of weakness 

and misery; . . the subjects of the Byzantine Empire, who assume and 

dishonour the names both of Greeks and Romans, present a dead uni¬ 

formity of abject vices, which are neither softened by the weakness 

of humanity nor animated by the vigour of memorable crimes. . . It 

is magnificent, truly Augustan prose, but the most colossal error of 

historical judgment on record. Having finished his work, he wrote the 

epitaph of the Empire as the Age of Reason saw it in his famous ('pi- 

gram: “I have described the triumph of barbarism and religion. 
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Gibbon’s pontifical dictum has been overthrown only with the great¬ 

est difficulty. It was J. B. Bury (1861-1927) who really began the re¬ 

habilitation of Byzantium with his insistance upon the worthy and con¬ 

tinuous existence of the Roman Empire from the 1st to the 15th cen¬ 

tury: “but,” says Robert Bryon (3) with shocking disrespect for the 

sacred Mandarins of the Academic Grove, “even those familiar with 

the eternal dotage of our Universities will scarcely believe that at 

Oxford, until as late as 1924, Gibbon’s Decline and Fall was still pre¬ 

sented as a set book to candidates about to embark on two years’ study, 

not of literature, but of history.” 

Today, of course, dozens of scholars write of Byzantium and her 

civilization in a positively radiant glow of enthusiasm, but the fact re¬ 

mains that the general educated public remains curiously ignorant of 

the importance of the long-departed millennial Empire, and that none 

but a few of the most illustrious Universities in the eountrv offer even 

a survey-course in Byzantine History, whereas — in my opinion — every 

self-respecting Liberal Arts College that makes any pretense of teaching 

the Humanities should offer such a course — if it can find anyone, of 

course, to teach it. I wish to state briefly in the very limited time at 

my disposal some of the reasons why I am of this opinion, under a series 

of specific headings. 

Byzantium and the Proper Understanding of European History 

The Byzantine State not only endured ten times as long as Athens’ 

Democracy, but the roots of her complex, inherited culture go back to 

the remotest beginnings of the recorded human experience. Further¬ 

more, her influence extended far and wide beyond her political fron¬ 

tiers. The Byzantine Concept did not finally disappear from the earth 

in a recognizable, organized political form until die fall of the Russian 

Autocracy in 1917. Furthermore, one should not forget that the Orthodox 

Church still remains — as much the ghost of the Roman Empire of the 

East as the Papal Church is, and has been declared to be, the ghost of 

the Roman Empire of the West “sitting crowned upon the grave there¬ 

of.”1 

Byzantium, like Lao Tze the Chinese philosopher, was born al¬ 

ready very old, when Constantine the Great began the process of im¬ 

posing a Christian character upon the Roman State, itself already a 

thousand years old and long since modified by cultural traditions that 

were Hellenistic, Persian, Assyrian, Babylonian, Hebrew and Egyptian 

1 The rather macabre image evoked by Thomas Hobbes in a well-known 
passage. 
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in origin (6). The result was one of the most imposing political fabrics 

ever erected: “Aucun nom n est plus prestigieux que celui de Byzance,” 

declares Auguste Bailly (1). The fascination of this State captivated the 

imagination of all its neighbors, and for more than a millennium Byzan¬ 

tium served as a model for many powerful States, whose true nature is 

incomprehensible without some knowledge of their prototype. There 

was, in fact, all through the early Middle Ages no civilization in the 

East or West comparable to that of Byzantium. In this period, Constan¬ 

tinople kept alive for both Eastern and Western Europe a conception 

of Empire which to the Christian could only be conceived in terms of 

the ecumenical Roman Empire as it had been re-fashioned by Constan¬ 

tine the Great, the first Christian Emperor. The Holy Roman Empire 

with its thousand years of history, in its origins was but an echo and an 

imitation under vastly different social, political, and economic circum¬ 

stances of the Empire enthroned on the Bosphorus; especially was this 

so in the Carolingian and Ottonian periods (8). States which actually 

inherited parts of the Byzantine Empire, such as the Arabs, the Normans 

in Sicily, Bosnia, Serbia, Bulgaria, and the Ottoman Turks, were even 

more directly affected (8). Kievan Russia owed everything to Byzan¬ 

tium, and Muscovite Russia became the actual Heir of Byzantium and 

the “Third Rome” after the catastrophe of 1453, a concept which affect¬ 

ed her thought and action until the catastrophe of 1917. 

Moreover, another fundamental point remains — Byzantium’s great 

historic mission as a bulwark of defense against Islam for European 

civilization and Christendom. In this connection, D. A. Miller (8) 

writes: “. . . the development of a distinct Western European, Christian 

culture is inconceivable if we remove the Balkan and Anatolian bastion 

which Byzantium defended. . . . Obviously we can never know what 

would have happened if there had been no Byzantine defense. We only 

know that we are the heirs of a world which, for centuries, was allowed 

to grow and find strength behind a shield provided, in great part, by 

the Byzantine Empire.” Alexander Van Millingen (11) speaks of “the 

walls . . . which were the bulwarks of civilization for more than a 

thousand years . . .” and tells us: “The attention I have devoted, for 

many years, to the subject has been sustained by the conviction that 

the Empire of which New Rome was the capital defended the higher 

life of mankind against the attacks of formidable antagonists, and ren¬ 

dered eminent service to the cause of human welfare. That is what gives 

the archaeological study of the city its dignity and importance.” No one 

can realize this better than one who has walked the length of the 

Theodosian Ramparts, the four miles from the Golden Horn to the Sea 

of Marmora, with Van Millingen’s book in hand. 
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Byzantium and Roman Law 

It was in Byzantium, a century after the collapse of the Empire in 

the West, that Justinian compiled the Corpus Juris Civilis-. “And so” as 

]. M. Hussey (6) says, “in the 6th century when England and France 

had little to offer, and practically nothing that did not come through 

the Chi irch, the Byzantine Emperor was setting up commissions of 

jurists whose work was to influence in varying degree almost every 

country in Europe.” The influence of Justinian’s Corpus is so well 

known as far as the West and her colonies are concerned as to need 

little comment. What is much less well known is the role of later By¬ 

zantine legal collections on the Slavonic peoples of Eastern Europe, 

especially the codes compiled by the Emperor Leo III in the 8th cen¬ 

tury and the Basilica of Basil 1 in the 9th, upon which the Slavic peoples 

drew very extensively. 

Byzantine Education and the Classics 

Here, as elsewhere, we are aware that Byzantium represents an 

unbroken continuity of the Classical Tradition of the Graeco-Roman 

world in several respects: (1) Byzantine society, lay as well as clerical, 

was an educated society — a quotation from Homer was recognized by 

Byzantines as readily as a quotation from Shakespeare used to be by 

us: (2) the content of Byzantine education was pagan, based upon the 

Liberal Arts and the study of the ancient Greek literature. The Church 

Fathers St. Basil and St. Gregory Nazianzus went to the University of 

Athens together with their pagan contemporary who was to become 

the Emperor Julian the Apostate; (3) Byzantine education was secular. 

Unlike the Medieval West where all learning for centuries was con¬ 

centrated exclusively in the hands of the clergy, the tradition of lay 

and secular education persisted in Byzantium to the last days of the 

Empire. In fact, the University of Constantinople did not provide for 

advanced theological studies, but for a purely secular education in 

which Neo-Platonic and Aristotelian philosophy were stressed (6). 

Furthermore, although Byzantium outside the fields of historiog¬ 

raphy and hymnology added but little that was original or vital to world 

literature, she did conserve what of the corpus of ancient Greek litera¬ 

ture has survived. The knowledge of Greek in the West died out for 

centuries in the Middle Ages. The Byzantine Empire lasted just long 

enough for a genuine revival of interest in Greek philology per se to be 

firmly anchored in the West only when the distinguished Byzantine 

courtier Manuel Chrysoloras consented to accept the Chair of Greek at 

the University of Florence in 1396 and taught there for four years. 
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From his classroom came the whole revival of Greek in Renaissance 

Europe. And what would the Renaissance revival of learning have been 

without its Greek heritage? Its importance in the field of the Natural 

Sciences is at once the most obvious. 

The Byzantine State and Survival 

The most striking thing about the Byzantine Empire is simply its 

survival for over eleven hundred years; one is reminded of the Abbe de 

Sieves’ reply when asked what he did during the Terror — “J’ai vecu — 

I survived!” For I know of no State in history which during the entire 

course of its existence was so continually threatened by the most dan¬ 

gerous enemies. And yet the Byzantine State, heir to the ideals of the 

Pax Romana, was organized on the presumption that peace and order 

are the norms of human existence in a civilized society. It is difficult 

to find another example of such recuperative powers as those possessed 

bv the Byzantine Polity, for it was again and again on the verge of 

extinction seemingly; but the right man appeared at the right moment, 

as if by Divine Providence, and the Empire not only took a new lease 

on life — like an old woman renewing her youth, as one Byzantine writer 

himself put it — but flowered once more in a brilliant new outburst 

of creative activity. 

One of the tasks the Byzantinist must set himself, therefore, is to 

offer some explanation of this phenomenal vitality and longevity. I am 

afraid that the results of such inquiry would tend to afford an encomium 

of the most reactionary Conservatism, what D. A. Miller (8) calls “the 

cultural phenomenon” of Byzantium, “the conservatism, the closed 

vision which is so much in contrast to Europe before and after the 

Renaissance. . . .” Professor Silver would have found Byzantium a much 

better example of “the closed society” than Mississippi against which 

to have launched his now famous diatribe. The Byzantine mind was so 

utterly devoid of the concept of “Progress” or even evolutionary change 

that it is well nigh impossible for us to comprehend it. Again, I can best 

quote D. A. Miller’s charming and most perceptive little book, The 

Byzantine Tradition (8): “To them (i.e., the Byzantines) there had been 

no substantial, essential change in the organization of the world since 

Constantine the Great — no cultural overturn since, perhaps, Homer. 

Occasionally the turning years brought the necessity not of change but 

of renovatio — renewal. The importance of their Empire was not that 

it moved in any direction but that it existed forever . . .” 

The central, fundamental figure of the Bvzantine world concept 

was the Sacred Autocrat, the Vicegerent of God, whose like can be 

found, I think, only in the conception of their Pharaoh held by the 
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ancient Egyptians. It sometimes takes the greater part of a lifetime to 

rid oneself of the unsavory connotations that have been gratuitously 

attached to such words as “Despot,” “Autocracy,” “Orthodoxy,” etc., 

and yet for over a thousand years these words contained the very warp 

and woof of the meaning of a vigorous, civilized way of life; and in 

Holy Russia for yet another five hundred years they conveyed the same 

meaning to the mass of the people and even to an important segment 

of the “Intelligensia.” It is, I think, significant that practically all of the 

men who really did anything for progress in pre-revolutionary Russia 

in the 19th and early 20th centuries believed in the beneficence of that 

Sacred Autocracy which Russia inherited from Byzantium. Such were 

Milyutin, Loris-Melikov, Pobiedonostiev, Witte, and Stolypin. And what 

did the Miliukovs and Rodziankos achieve? Simply to deliver the coun¬ 

try into the hands of the Bolsheviks. 

Many Byzantinists, and especially the historians of Byzantine art 

and ceremonial, have concentrated upon the concept of the Emperor — 

for it is in the manner in which he is represented in art and in the 

ceremonial which surrounded his person at all times that we gain the 

most vivid impression of the role he played, as developetd, for instance, 

in such works as Otto Treitinger’s Die ostromische Kaiser-und Reichs- 

idee nach Hirer Gestaltung im hofischen Zeremaniell (9) and Andre 

Grabar’s L’Empereur dans Yart byzantin (5). Most current writers in 

the Byzantine field emphasize much more than their predecessors the 

Icon as the medium through which one must approach any under¬ 

standing of the Byzantine mind; this is particularly true of D. A. Miller’s 

(8) evocative little study. And the greatest Icon of them all was the 

Emperor: says Miller, “The Emperor, both in his actions and in his 

essence — in being and in doing — was the image, or icon, of Christ . . . 

The Byzantine Emperor . . . was not merely the vicar or vicegerent of 

Christ, ruling in his name, but the true imitation or mimesis of Christ — 

a living image.” 

For the Byzantines did not simply inherit from the Principate the 

Emperor and an elaborate bureaucratic machine: the Hellenized Chris¬ 

tian traditions of Neo-Platonism also affected their concepts of the 

Imperial Office and the bureaucratic hierarchy. Just as the Emperor was 

an Icon, an earthly and imperfect image of Christ, so the Imperial Court 

and Government with its elaborate ceremonial was an Icon of the celestial 

Hierarchy in accordance with “the Neo-Platonic succession of beings 

descending from the Godhead” (8) It has even been suggested that the 

corps of eunuchs under the Superintendent of the Sacred Bed-Chamber 

(Praepositus Sacri Cubiculi) was but the earthly counterpart of the 

sexless choir of Angels who serve the Throne of Heaven. “To the Byzan- 



A Plea for Byzantine Studies 159 

tines, obviously,” concludes Miller (8), "the image was everything; it 

was a central obsession of their civilization.” 

Byzantium and Art 

The Icon, the Sacred Image which purveys to our senses some inti¬ 

mation of the eternal truths of that ideal and abiding Reality in the Pla¬ 

tonic sense which transcends the world of time and space, is the charac¬ 

teristic product of Byzantine art. But a nation such as ours which is so 

solidly based on the Puritan and Calvinistic Tradition, is but poorly 

equipped to comprehend the spiritual and philosophical, let alone the 

aesthetic, meaning of the Icon. Today, the aesthetic beauties of the Icon 

are becoming abundantly appreciated — there are dozens of illustrated 

books on the subject from tiny paperbacks to huge, expensive plush vol¬ 

umes. But, in spite of admirably written introductions to such volumes of 

plates, one cannot be so certain that the esoteric significance of the 

Icon is as well conveyed to the average observer as its aesthetic beauty 

of color and design. No informed person today denies that Byzantine 

art is one of the supreme achievements of the human genius, but a tre¬ 

mendous obstacle still remains to block any real comprehension of its 

true content, and that is the prevailing ignorance of Byzantine history 

and the context of Byzantine civilization of which the Icon is but an 

expression. 

Byzantine art was no more art for art’s sake than that other superb 

achievement which is also now coming into its own — the art of Pharaonic 

Egypt. As Hussey (6) points out, even before Constantine the Great 

became Christian, the art of the Near East was absorbed with two main 

themes: (1) the glorification of the divine Emperor; and (2) the en¬ 

deavour to use art as a medium by which to symbolize the eternal values 

of a transcendental world. The fact that the Empire became Christian 

merely intensified these tendencies. Furthermore, the Icon never stood 

divorced and alone to be appreciated in and for itself: it must be con¬ 

sidered in its context, the Liturgy of the Church and the Ceremonial 

of the Court, and with the architecture which formed the setting of both. 

One can really appreciate Byzantine art only by becoming familiar with 

the Divine Liturgy and Hymnology of the Orthodox Church, for it is 

inseparable from the public act of worship (6). Moreover, one should 

have some knowledge of the theological battles that distracted the 

Byzantine world for 117 years during the interminable Iconoclastic Con¬ 

troversy (726-843) over the propriety, meaning and value of Icons. 

But Byzantine art is not confined to the Levantine and Slavic world 

of Orthodoxy. Especially in the Early Middle Ages, it was the one great 

artistic tradition in existence apart from that of the Celtic Church (itself 
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in part influenced by Byzantium), and the art of the entire West was 

more or less directly or indirectly influenced by it. We can trace Byzan¬ 

tine influences as far away as the Sutton Iloo ship-burial. 

Byzantium and the Formative Period of the Christian Church 

A point of historical analysis which I think cannot be over-empha¬ 

sized is that the Christian Church owes at least as much to the Greeks 

and Romans as to the Hebrew Tradition. It is as much the fulfillment of 

Classical Civilization as of Hebrew Prophecy; indeed, the late Dean Inge 

of St. Paul’s declared the Catholic Church to be the last creative achieve¬ 

ment of Classical civilization (7). 

If the organization and administration of the Church is Roman, the 

mentality of the Church in the formative period of the crystalization of 

its dogmas was almost entirely Greek. The seven ecumenical Councils all 

sat in the East, debated in Greek, and defined Christian Orthodoxy for 

all time — even Vatican II did not tamper with this Orthodoxy, while 

tampering with everything else. As Hussey (6) points out, “This was a 

specifically ‘Greek’ contributon: it had its roots in the Hellenic capacity 

for articulated thought . . .” 

Moreover, the thought of the Greek Church Fathers rests upon a 

thorough assimilation of the best in the Greek philosophical tradition, 

especially Platonic mysticism and Aristotelian logic. Without the latter, 

medieval Scholasticism could not have come into existence: to quote Hus¬ 

sey (6) again, “. . . the fundamental gift to East and West alike of Aris¬ 

totelian logic and the notion of conceptual thought should be empha¬ 

sized.’’ 

Byzantium and the Ecumenical Movement 

The Ecumenical Movement appears to be one of the most significant 

ecclesiastical developments of our day, and certainly of fundamental im¬ 

portance to all those left in the world to whom Christianity and the sur¬ 

vival of Christian civilization mean anything. The Ecumenical Movement 

without Orthodoxy would be but a maimed and truncated thing, lacking 

one of the most authentic Traditions, for Orthodoxy has preserved better 

than any other Church the doctrinal and liturgical heritage of the Prim¬ 

itive Church. A knowledge of that eastern Byzantine world in which the 

Orthodox Church flourished for so many centuries and still survives 

under great duresse is indispensable to an understanding of Orthodoxy 

and the role that it may be destined to play in that renovation of the 

Church which Christian leaders of every denomination now so long for. 

As a matter of fact, it was the Orthodox Church which really 

launched the Ecumenical Movement five years before the meeting in 
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Stockholm in 1925 of “The Universal Christian Conference on Life and 

Work,” which led to the formation of the World Council of Churches 

in 1948. In 1920, the Ecumenical Patriarchate of Constantinople (2) — 

in view of the terrible persecution of the Church in Russia — sent a 

famous Encyclical to all “Churches of Christ wherever they may be,” 

calling for an alliance of Churches corresponding to the newly-founded 

League of Nations, to “abet the restitution of spiritual dignity to the 

whole of humanity against the internal and external dangers of global 

materialism.” 

Orthodoxy, then, may well have a vital mission to perform in the 

Church which may emerge from current developments, for Orthodoxy, 

thanks to the Schism consummated by the Crusades in the 13th cen- 

turv, stands outside the intellectual milieu in which the West has lived 

for the past 800 years. Orthodoxy has escaped Scholasticism, the so- 

called Reformation and the Counter-Reformation. Inasmuch as many 

leaders today, both on the Protestant and Catholic side, wish to get 

back behind the 16th century and its acrimonious disputes and cruelties, 

back even behind the Scholasticism of the High Middle Ages to the 

older and purer Tradition of the Fathers, this is the very place in which 

Orthodoxy can play a truly Ecumenical role (13). 

Let me close this section of my discourse with a quotation from 

Ernst Benz (2): “Another element making for the greatness of Ortho 

doxy is its unwavering emphasis on the idea of God’s beauty. Its prayers 

and hymns have never ceased to praise the beauty of God. This picture 

of God does not accord with the picture of a wrathful God of justice 

and predestination as has been painted by Occidental theology. . . . 

In consequence, Orthodoxy has preserved the original mood of the 

Christian fellowship, the chara — rejoicing and jubilation — which the 

New Testament mentions as the characteristic spirit of the first Christian 

fellowship. This rejoicing has remained the fundamental mood of divine 

service in the Orthodox Church, especially of the Eucharistic Ser¬ 

vice . . .” 

Byzantium For Its Own Sweet Sake 

I have always regarded History as a Humanity and not a Social 

Science — in fact, I cannot clearly conceive what is meant by the ex¬ 

pression “Social Science.” I have felt that the real purpose and justifi¬ 

cation of the reading of history is to enable the individual to live, as it 

were, five thousand years instead of the traditional three-score-and-ten, 

and to live in the whole world of human achievement rather than 

remain submerged in the here and now of Podunk County. In other 

words, Byzantine history should properly be studied for its own sake. 
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as a part of our heritage which is particularly rich in the spiritual and 

aesthetic values it has to offer, to say nothing of its entertainment value 

which is certainly not to be despised. These values, I think, we should 

endeavour to accept and appreciate on Byzantine terms and not insist 

upon imposing our own. I would say the same for the historian’s and 

the layman’s approach to am/ culture of the Past. 
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The Negro and Alabama Baptists During 
The Progressive Era 

WAYNE FLYNT 

Samford University 

Birmingham, Alabama 

Only in the past decade has the subject of Negro history become 

a widely researched area of Americana. Before, the inaccessibility of 

research materials, the emotional atmosphere surrounding this issue, 

and relative disinterest in ethnic history combined to thwart study of 

the subject. After the impact of Brown vs. Board of Education and the 

subsequent racial upheaval, American intellectual historians began to 

realize how little they understood the roots of racism; how it developed; 

its assumptions; and the reason for its pervasive influence. 

One essential element of southern racism can be found in the re¬ 

gion’s religious sects. Certainly fundamentalism has held powerful sway 

over the South, and the church has reflected a strong element of racism. 

For the purposes of this brief paper, I will concentrate on Baptists in 

Alabama who numbered one-half the white population of the state at 

the turn of the twentieth century. The Progressive Era is chosen be¬ 

cause it was a period when few Americans, even reformers, paid any 

attention to the Negro; the South which had long proclaimed its desire 

to solve its own peculiar racial problems finally got its wish. 

The attitude toward the Negro expressed by the denomination’s 

official organ, The Alabama Baptist, could easily be the expression of 

almost any early twentieth century white Alabamian. A writer for the 

paper who reviewed Thomas Dixon’s book, The Leopard’s Spots or the 

White Mans Burden, 1865-1900, praised the author for attacking the 

North’s “crime of the centuries in trying to force upon a proud and 

splendid people the infernal dogma of Negro equality.” In a remarkable 

defense of white terrorism, the reviewer added: 

It is easy in the quiet security of forty years’ distance from those 

awful days [Reconstruction] to criticize the methods employed to 

maintain the supremacy of the Anglo-Saxon. If they were wrong, 

all the greater was the crime of those who forced the southern peo¬ 

ple to resort to such methods in sheer self-defense (6). 

One Baptist correspondent from Georgiana noted that many “Baptist 

brethren” even said that the Negro was a beast rather than human; to 

admit otherwise, he wrote, would cause a Biblical literalist to admit 

that Adam and Eve had Negro blood since there was only one act of 

creation recorded in Genesis (5). 
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Many state Baptist leaders were in the vanguard of those cham¬ 

pioning a more enlightened attitude toward public education, but they 

had serious reservations about extending its full benefits to the Negro. 

Alabama State Baptist Secretary W. B. Crumpton argued that the large 

number of Negro “vagrants and thieves” was partly a product of Negro 

school teachers who emphasized academics rather than manual labor. 

While not opposed to schools for the state’s colored children, he (10) 

did believe that the state “will be better served when we can produce 

more honesty and a larger inclination to labor, even if it be at the ex¬ 

pense of the text books.” 

One of Alabama’s prominent Baptist clerics, Rev. Sidney J. Catts, 

who in a later demagogic campaign became governor of Florida, deemed 

it his responsibility as pastor of the Tuskegee Baptist Church to protect 

the state from subversive influence emanating from famed Tuskegee 

Institute. Catts wrote a blistering attack on two respected ministers 

from Boston who spoke at the Institute. In reply to a suggestion for 

integrating schools in order to educate ignorant white and Negro chil¬ 

dren, Catts (3) bristled that “if any such effort is ever made in reality 

here is one man who will change his commentaries into works on 

military tactics — his pen and plow into a sword and ... go down to 

Dallas and Lowndes and organize the boys for war. . . .” 

Negro participation in politics came under the constant scrutiny 

of the Alabama Baptist. The editor of the paper condemned the colored 

preacher for advising his people on political matters: “Through him 

more political mischief probably has been done by designing men than 

through any other agency.” Another editorial (7) deplored President 

Theodore Roosevelt’s dinner invitation to Booker T. Washington. The 

editor also praised the Alabama Constitution drafted in 1901, saying 

(4) that “the most important clause in this Constitution is that which 

secures, beyond all question, WHITE SUPREMACY, which is worth 

much to our people, and should cause every white man to vote for the 

ratification of the new Constitution.” 

In 1900 a small group of concerned Alabamians held a race con¬ 

ference in Montgomery designed to improve relations in the state. 

While not opposed to it, the Alabama Baptist was hardly enthusiastic. 

T1 le editor (1 ) wrote a caustic editorial: 

Undue prominence given the Negro, as a class, in a great measure 

puffs up his vanity, magnifies his importance in his own estimation, 

and encourages his encroachments upon our social structure. . . . 

He is a black man, God made him thus; and we are white, made so 

by the same God. Just as we differ in color, so do we differ in every 

relation of life—socially. No degree of culture or learning or expe¬ 

rience can raise him to the dignity of the white man. 
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In the same vein, another Baptist, commenting on the 1900 con¬ 

vention (2), praised several proposals to eliminate the Negro from 

politics. He well summarized the predominant view of Alabamians: 

“Let us white people bend every energy ... to educate ourselves and 

our children how to treat the Negro justly . . .; recognizing the fact that 

he moves in one sphere and we in another; that we are his superior, 

made so by God. . . .” 

While such expressions clearly dominated the thought of Alabama 

Baptists, there were some striking exceptions. The denomination was 

particularly concerned for the moral uplift of the Negro. The State 

Baptist Convention voted in 1902 to appropriate funds for Negro min¬ 

isterial students at the Baptist Selma University. State Secretary Crump¬ 

ton toured the state berating Baptists for not helping the Negro more 

and urging closer contacts between white and Negro to prevent the 

“gulf of racial antagonism” from widening (10). While such coopera¬ 

tion may seem the ultimate in hypocrisy, it must be evaluated in con¬ 

text; it was a time when any racial cooperation was suspect, and even 

this small progress was more than could be claimed for any other seg¬ 

ment of Alabama society. 

As the denomination climbed aboard the temperance band-wagon, 

there was an increasing tendency to blame “demon rum” for depreda¬ 

tions formerly attributed to the Negro. Colored voters had long been 

considered the “stronghold of the whiskey power” in Alabama, so with 

disfranchisement came more strident demands for prohibition. The edi¬ 

tor of the state paper noted (8) that Negro “brutality” resulted usually 

because white men provided the Negro with “gambling hells and low 

dives,” from which the white man profited at the colored man’s ex¬ 

pense. The weaker race had to be protected from the avarice of white 

men who “make it their business to fatten on the debauchery of the 

blacks.” The Rev. B. F. Riley, a white minister from Alabama, helped 

organize a Negro Anti-Saloon movement in the South. One Riley article 

(13) protested the habit of blaming the entire Negro race every time 

one of them committed a crime. He warned that some pro-saloon poli¬ 

ticians would try to “stir afresh race prejudice,” but Christians must 

not allow this. The permanent headquarters for the new organization 

was located in Birmingham. 

A. J. Barton, secretary for expanded Southern Baptist work in 

evangelizing the Negro, wrote a lengthy article for the Alabama Bap¬ 

tist (9) condemning one Baptist leader for saying that the Negro 

needed to be “managed”; this was: 

“an expression which seems colored with local politics. Of course no 
brother would seriously consider such a sentiment as that in Chris- 
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tian work. . . . That language and sentiment might do with a certain 

class of politicians, hut not with Baptists when they are consider¬ 

ing the question of helping fellow Christians and fellow Baptists in 

Christian work. 

Perhaps the most courageous racial witness by Alabama Baptists 

involved their frequent comments on lynching. While such pronounce¬ 

ments seem mild enough when judged from the perspective of the 

mid-twentieth century, they are quite radical if evaluated by the stan¬ 

dard of many contemporary southern politicians who considered “Judge 

Lynch” an acceptable form of social and legal justice. The Alabama 

Baptist editor penned an article (11) maintaining that any man who 

took part in a lynching “deliberately disregards the sacredness of 

life. . . The editor praised Acting Governor Cunningham’s insistence 

that the lynching of Negroes be ended in Baldwin and Autauga Coun¬ 

ties. In the fall of 1904 a forceful editorial (9) chided those who de¬ 

fended lynching: 

We, of the South, get much comfort out of the thought that mob 

murder is not confined to our section — that it is national. True it is 

national, because contempt for law is national. . . . 

But small comfort is it to a right thinking man to know that pox af¬ 

flicts a whole nation and not merely a single section. 

One of the most forceful articles which appeared in the state 

paper during the Progressive Era was written by J. B. Albritton (9) and 

entitled “The Spirit of Lawlessness.” He inveighed against instilling the 

“bitterest dregs of prejudice into the minds of [the] rising generation 

over a ‘cause’ that is lost forever.” During election years, he observed, 

there was much talk about “the crime of Negroes.” “It seems that he 

alone is doing mischief. We scarcely hear anything about the crimes 

and punishment of white people though crime after crime is committed 

by them.” Albritton proposed an all-out campaign against politicians 

who manipulated votes by the use of racial arguments, and concluded 

on a note of racial justice: 

We object to giving him [the Negro] an education. We object to 

his voting. We want him for our servant. We sell him all the liquor 

he can buy or drink, because we are in the liquor business for profit. 

We hate his color because the politicians tell us to. We are so perfect 

that we never see anything good in other people. 

Certainly southern religious thought is not the only facet of society 

to adopt racism in the post Civil War era. But perhaps religion wa; 

more influential for many southerners, and thus more blameworthy. 

Its racial shibboleths were tragically similar to those of demagogic 

politicians who were later propelled to power in Dixie; too many 
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preachers mouthed racial cliches like those of Theodore Bilbo, James 

K. Yardaman, Thomas E. Watson, Sidney Catts, Thomas Heflin, and 

“Cotton Ed” Smith. A clear appeal for racial sanity and Christian love 

might have spared the South unspeakable tragedy in the years to come. 

Yet it also appears that clergymen and clerical leaders challenged the 

worst aspects of racism more frequently than any other southern pro¬ 

fessional group. For Alabama’s present racial dilemma, as well as for 

the universal humanity so necessary for its solution, Alabama Baptists 

are partlv responsible. 
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Effective Potentials Of Defect Aggregates 
In Ionic Crystals1 

ROMAS A. SHATAS and JOHN D. STETTLER 
U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The optical spectra of point imperfections and their aggregates in 

solids often show narrow lines associated with transitions between 

discrete energy eigenstates of localized electrons. These narrow lines 

occur as a result of an interaction between the radiation field and a 

bound electron in which the crystalline lattice does not change its 

eigenstate and are called accordingly zero-phonon lines. It is useful to 

catalog these lines with respect to the multipolarity of the operator 

mediating the transition and the symmetry properties of the center. 

Typical cases are the following: Allowed magnetic dipole transitions be¬ 

tween electronic states of even parity in centers without inversion sym¬ 

metry (for example, d-d transition of Cr3+ in AhCb); same with inver¬ 

sion symmetry (for example, d-d transition of Cr3+ in MgO); and al¬ 

lowed electric dipole transitions between electronic states of odd parity 

which are most often associated with carriers trapped in relatively deep 

traps formed by a missing lattice site in ionic crystals. Our objective is 

to construct effective potentials V(x) which contain the trapped carriers 

in aggregate defect centers. These potentials must yield solutions of the 

time-independent Sehrodinger equation, (H„ + V) : n> - E„ | n> which 

agree with spectroscopically observed differences between energy eigen¬ 

values and their change under the application of uniaxial stress. Here, 

H„ is tl le kinetic energy operator of the trapped electron and j n> is 

the state vector of its n-th electronic state. In choosing the trial wave 

function, one can begin with the general idea based on the augmented 

plane wave method: the core functions possess central symmetry but 

one uses plane waves between the ion cores. In an aggregate defect 

center, several adjoining cores are missing; thus the plane wave function 

extends over several lattice sites. Furthermore, in considering the lo¬ 

calized electron it is reasonable to assume that it does not penetrate the 

ion cores of the neighboring ions. This impenetrability of the trap walls 

sets the boundary conditions for the electronic wave function which now 

can be written as <x [ n> —' Im . . . exp Ebm/cx, k 1/21, . . . and 1 desig¬ 

nates the linear extend of the trap. In agreement with the above as¬ 

sumptions, one considers V(x) to be a step-function having the value 

1 Presented at 44th Annual Meeting of the Academy, University of Alabama, 
Huntsville, April 6-8, 1967. 
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of zero inside the trap and taking on a very large value outside 

of it. The solution of the eigenvalue problem yields the expression 

En = n"/TK2/2m, with n designating the quantum number and m the 

electron mass. The uniaxial strain e 7 81/1 induced shift of the electronic 

transition between the states characterized by quantum numbers nk and 

iii is readily obtained by differentiating the eigenvalue expression with 

respect to the length: §(Ek — Ej) = 6(hwk i/2tt) = — dTV(nk2 — nt2)/m. 

An algebraic rearrangement of this expression yields a very simple equa¬ 

tion 8co/oj = —2e. 

If the potential step-function assumes a finite value outside the trap, the 

eigenvalue problem is not solvable in a closed form and a numerical so¬ 

lution for each choice of V(x) and l must be carried out with a com¬ 

puter. In general, for a large but finite potential V(x), the value of the 

constant on the right side of the relative transition frequency shift — 

uniaxial strain relation given above is less than 2. Numerical values cal¬ 

culated from our theory agree with experimental data measured for 

aggregate defect centers in LiF and MgO in that: (1) the transition 

energy increases linearly with compression, (2) the higher the transition 

energy, the larger is the piezo-spectroscopic shift per unit strain, (3) 

the piezospectroscopic shift per unit strain is essentially material-in- 

dependent for defect aggregates of similar extent and complexity, 

(4) the piezospectroscopic shift per unit strain is larger for the higher 

electronic states of the same center. The agreement between experimen¬ 

tal and theoretical values is satisfactory in the direction of the electric 

dipole moment. 
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Micrologic In The Design Of 
A Fast Miniaturized Scaler1 

BILLY WAYNE SPELLER2, HAROLD ZALLEN3, 

and CHESTER C. CARROLL4 

Departments of Radiological Sciences and Electrical Engineering 

Auburn University, Auburn, Alabama 

INTRODUCTION 

In an attempt to find a simple but effective means for upgrading 

the counting sections of presently used radiation scalers, a review of 

the literature was made to investigate techniques presently being used. 

The review revealed that the techniques used fell into two categories: 

1. Those involving high-speed transistors 

and/or tunnel diodes, and 

2. Those involving micrologic 

I The literature further revealed a definite trend toward integrated 

logic devices not only for the reduction in size but also for the reduc¬ 

tion in reaction time. In this study, two micrologic devices, a binary 

coded decimal (BCD) counter and a decoder, were studied and the 

logic involved in their operation is discussed. From the basic theory of 

the Geiger-Mueller (G-M) detector, a pulse shaping circuit was found 

to be necessary. This circuit consists of a two stage transistorized net¬ 

work which inverts and clips the input pulses. The resulting pulses 

are then counted by the micrologic counter. To display the state of 

the system, the miniature NIXIE tube is utilized. Finally, a power 

. supply for the system is briefly discussed. The aforesaid devices were 

then used to construct a miniature six decade scaler with a switching 

capability of 5 MHz. 

1 This work was taken in part from the unpublished M.S. Thesis of B. \V. 

Speller, Auburn University. This work was supported by the U. S. Public 

Health Service, National Center for Radiological Health, Washington, D. C. 

20202 under Grant No. 3T1RH61-01S3 (67). 

3 Graduate Research Fellow, Department of Radiological Sciences, Auburn 

University. Present address: Union Carbide Corporation, Oak Ridge, Ten¬ 

nessee 37830. 

3 Research Director. Present address and to whom reprint requests should 

be sent. National Science Foundation, Washington, D. C. 20550. 

* Co-research Director. 
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GENERAL THEORY 

A block diagram of typical scaler is shown in Figure 1. The detect¬ 

or used in this study was the G-M tube, the basic theory of which can 

be found in Weinstein, et al. (11) and Price (9). The signals from the 

detector are fed into a pulse height discriminator. These pulses are then 

counted by a switching network and displayed, usually by some visual 

readout device. Ry using integrated logic circuits in the switching net¬ 

work, the requirements for pulse shaping are reduced. Also, the NIXIE 

tube fas easily incorporated into the system as a readout device. 

MICROLOGIC COUNTER 

The micrologic devices used in this study were composed of dif¬ 

fused planar epitaxial components. The reader is referred to Keonjian (4) 

and Khambata (5) for methodology of the different types of processes 

and the associated problem areas. 

The micrologic decade counter used consisted of four cascaded 

“binary triggered” J-K flip-flops modified by a feedback loop to count 

in the 8-4-2-1 code. The basic flip-flop consists of four NPN transistors, 

two diodes, and four resistors. Binary triggering is achieved by the 

charge control transistor concept. This circuit is more suitable for in¬ 

tegration than the capacitor-coupling techniques, and is much less 

complicated than d-c master-slave techniques as discussed by Davies 

et al (2). 

By using the techniques presented by Phister (7), simplified expres¬ 

sions can be developed for the inputs to the flip-flops. The basic switch¬ 

ing theory involved can be found in Miller (6) and Torng (10). 

It is desirable to describe a counter using the type flip-flop discus¬ 

sed above. The counter will count in the sequence 0, 1, 2, . . . , 9, 0, . . . 

thus requiring four such elements. The first step is to establish a state 

table: 

State Table 

A B C D 

0 0 0 0 
0 0 0 1 
0 0 10 
0 0 11 
0 10 0 
0 10 1 
0 110 

A' B’ C' D' 

0 0 0 1 
0 0 10 
0 0 11 
0 10 0 
0 10 1 
0 110 

0 111 
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0 111 10 0 0 

1 0 0 0 1 0 0 1 
1 0 0 1 0 0 0 0 

The letters A through D represent the state of the outputs of the flip- 

flops at a time t, and the letter A’ through D’ represent the “next state” 

of the outputs, or the outputs at time t + A. The letter A represents 

the most significant digit and D represents the least significant. By 

taking advantage of the redundant combinations (10-15), the next 

state variables may be plotted directly on Veitch diagrams and re¬ 

duced. The resulting “next state” equations, in the form of the general 

application equation (Q’=g,Q+g2Q), are 

A’ = AD + A BCD 

B’ =B(D + C) + BCD 

C’ = CD + CAD 

D’ = D(O) + D( 1) 

Now if these expressions are compared with the input equations 

for the J-K flip-flop, the inputs to each flip-flop can be determined. The 

input equations for the J-K flip-flop are 

J = g’ 

K ="g, 

The input expressions are then 

J BCD J CD J = AD 

A B C 

K = D K CD K D 

A B C 

To realize these functions, one would normally use five AND gates. 

However, since the circuit is to be integrated, a simplier form would 

be desirable. 

Since the J-K flip-flop used will change state only when the input I changes from a low level to a high level, we look for such a transition 

at the outputs of the flip-flops. It is found that D changes from a “O" 

to a “1” when X = D =‘T” which performs the same function as DX. 

Therefore, everywhere DX appears, we replace it with D. Similarly, 

C is equivalent to CDX, and B = BCDX. The final result is a binary 

counter employing only one AND gate which is used for the 1 input. 
C 
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The capabilities of the circuit are greatly extended by the addi¬ 

tion of four more NPN transistors, and by the use of negative logic at 

the outputs. The four additional transistors are connected in parallel 

with one of the transistors in each of the bistable flip-flops. With a 

positive signal applied to the reset pin, all the “reset” transistors are in 

the “on” state thus switching off the complementary transistors if they 

happen to be “on”, thereby resetting the counter to zero. 

The use of negative logic allows presetting of any count or state 

of the device easily. This is accomplished by resetting the system to 

zero and grounding the desired outputs. This property can be used 

to perform a “background subtract” operation which is an important 

operation in the counting of radioactive materials. 

Although the counter is composed of twenty-three transistors plus 

twenty-five resistors and ten diodes, it still only occupies a TO-5 can. 

The eight leads give external access to the input, reset, supply, ground 

and four output leads, which have the capabilities required by almost 

any application. 

MICROLOGIC DECODER 

The counter herein described will accept pulses and count them 

in order from 0 to 9 and then reset to 0, with the outputs in binary 

coded decimal form. However, since the decimal system is more con¬ 

venient, it is desirable to employ a decoder to change the binary out¬ 

puts to decimal outputs. This can be accomplished with 10, 4-input 

AND gates, but it should be noted that four OR gates are also required 

since only one output from each flip-flop is available. 

It is also desirable to use an integrated decoder which is com¬ 

patible with the counter and capable of driving a read-out device. A 

device which satisfies these requirements will now be described. 

Rather than use the method employing AND gates, a “bi-quinary” 

decoding technique is used. The unit is basically a diode matrix driv¬ 

ing ten high-voltage output transistors. Common-collector PNP tran¬ 

sistors are used in the matrix in place of diodes to reduce the effec¬ 

tive resistance of the diffused interconnective stripes. 

Since all the odd numbers contain a “1” or D in its true form 

and all the even numbers do not, input D directs the emitter-current 

to either the odd or even numbered output transistors. The base of 

the output transistors are connected in pairs with an odd and even 

numbered transistor in each pair. Inputs A, B, and C then direct the 

base current to one of the five pairs so that only one of the ten out¬ 

put transistors is on for any given input combination under consid¬ 

eration.8 
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The output transistors are designed for a typical collector break¬ 

down voltage of 80 volts, thus making it possible to drive most cold- 

cathode, glow-discharge tubes directly. Considerations for the inter¬ 

connection of these two will now be discussed. 

READOUT DEVICE 

The information counted by the integrated circuits is of no value 

without a visible means of display. The readout device chosen for this 

studv is the miniature NIXIE tube. 

This device operates on the principle of the simple gas discharge 

diode in that the application of a negative voltage to the selected 

cathode element with respect to the common anode will cause the gas 

around the element to ionize and glow. 

Due to the characteristics of the integrated decoder, the NIXIE 

tube is easily incorporated into the system. Since it is impractical to 

use a 120 volt pulse to drive the tube, the property of prebias is utilized. 

Prebias voltage is defined as . . . that voltage which is sufficient to 

assure deionization of the cathode to which it is supplied and yet high 

enough to cause the cathode to take over as an anode and accept elec¬ 

tron current . . . (1). 

The amount of prebiasing obtained depends on the “off” cathode 

current of the NIXIE tube if connected directly to the decoder. From 

the output transistor characteristics it was found that a current from 

50 to 100 microamperes gives a prebias voltage of about 65 volts. This 

voltage is sufficient to prevent undesirable glow of the “off” elements. 

In the case of “on” cathodes, a curve of low current versus output 

voltage for the transistor is helpful in determining the potential differ¬ 

ence between the “on” cathode and the anode. From these character¬ 

istics it was found that at 2 milliamperes, the cathode will be at a level 

of approximately 2.5 volts which gives the desired potential difference. 

Finally, to keep the cathode current and glow intensity range to 

a minimum, both the supply voltage and biasing resistor should be 

greater than the manufacturer’s recommended values. For a procedure 

to determine these values, the reader is referred to Burroughs Manual (1). 

The values chosen for the tubes used in this study are 160 volts and 

33K, whereas the recommended values are 120 volts and 20K. 

EXPERIMENTAL 

To illustrate the research applicability, the equipment herein 

described was used to construct a six decade experimental scaler with 

overall dimensions of 8 bv 6 bv 2.5 in. (20.3 by 15.2 by 6.3 cm). 



178 Journal of the Alabama Academy of Science 

Each integrated device was mounted on a 1.5 by 1.7 in. (3.8 by 

4.3 cm) printed circuit card which was inserted into a ten position, 

twenty contact connector mounted on the chasis. This approach allows 

access to any component without disturbing the others. Also, the inter¬ 

connective leads are kept to a minimum. 

The input signal for each decade (except the first) is supplied by 

the A output of the preceding decade. This is possible because of the 

characteristics of the flip-flop used. These flip-flops will trigger only for 

a transition from a low level to a high level. The A output produces 

this transition only on the tenth input pulse. Thus each stage is a 

multiple of ten of the preceding stage. 

The input to the first decade must be a pulse of less than +4 volts 

in magnitude, and at least 200 nanoseconds in width. In order to count 

the pulses from a G-M detector, it is necessary to first shape them. 

These pulses have sufficient width for triggering but are of the op¬ 

posite polarity and greater in applitude than the desired form. It is 

necessary in this case to invert and clip these pulses. This is accom¬ 

plished by the two stage circuit shown in Figure 2. 

In the design of this circuit, the major problem was that of im¬ 

pedance matching. The circuit is required to have a high input im¬ 

pedance and a relatively low output impedance. The high input imped¬ 

ance is achieved by the series resistor and six diodes in series. These 

diodes provide proper bias for the first stage and essentially appear as 

an open circuit to the incoming negative pulses. The first stage inverts 

and clips the signal and the second stage is used for impedance match¬ 

ing. The pulses produced are roughly square pulses, approximately 

2 volts in magnitude. 

Power for the system is supplied by two full wave bridge circuits 

and shunt capacitor filters. The 160 volt supply for the NIXIE tubes 

is low current and regulation is not critical. It was found that a zener 

diode provided sufficient regulation for the 3.9 volt micrologic supply. 

A photograph showing the arrangement of the components is given 

in Figure 3. To show the size reduction achieved, the six decade system 

is compared with one decade from an equivalent vacuum tube system 

shown in Figure 4. 

CONCLUSION 

A survey of the literature revealed that integrated circuits are 

becoming more important in the field of nuclear instrumentation. 

Rather than using individual elements as Howell (3), the integration of 

several elements into one chip is the next step. Two such devices were 

described and utilized in the construction of a miniaturized six decade 
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scaler with a switching capability of 5 MHz. The scaler constructed 

was designed for use with a G-M tube. This unit, however, would 

replace anv similar scaling unit in existing systems with slight modi¬ 

fications. 

Since the basic unit of most nuclear instruments is a scaling cir¬ 

cuit, this approach of “integrated networks” will probably be used more 

extensively in the future. 
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Figure 1—Block diagram of typical scaler 

Figure 2—Schematic diagram of two-stage pulse shaping circuit 



Micrologic In The Design Of A Fast Miniaturized Scaler 181 

Figure 3—Photograph of miniature sealer showing arrangement of components. 

Figure 4—Comparison of miniature six decade scaler with one vacuum tube 
decade. 
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The Salamander Gyrinophilus palleucus In Georgia, 

With Notes On Alabama And Tennessee Populations 

JOHN E. COOPER 

Department of Zoology and Institute of Speleology 

University of Kentucky, Lexington, Kentucky 

The troglobitie, neotenic salamander, Gyrinophilus palleucus, is 

known only from parts of southern and eastern Tennessee and northern 

Alabama. In his revision of the genus, Brandon (1) reported the species 

from 13 specific localities, 8 in Tennessee and 5 in Jackson County, 

Alabama. Cooper (3) provisionally added a locality in the Highland 

Rim of Madison County, Alabama, based on a sighting in Shelta Cave, 

Huntsville. Brandon (2) included this locality in his review of the 

species, and cited 3 other records of uncertain status, 2 represented 

by specimens. Cooper and Cooper (4) recorded G. palleucus from 

far western Alabama and discussed the distribution and ecological as¬ 

sociates of the species in that state relative to G. porphyriticus. They 

showed that the 2 forms occupy mutually exclusive ranges and sug¬ 

gested that the considerable distributional hiatus indicated for G. pal¬ 

leucus was more a matter of insufficient collecting than an actuality. 

The following new locality records and ecological data for this 

uncommon salamander are the results of part of the work of the Bio¬ 

logical Survey of Alabama Caves, a research project of the National 

Speleological Society, during the summer of 1967. This paper is Con¬ 

tribution No. 4 from that Survey. The field work was partially supported 

by a Summer Fellowship from the National Science Foundation. I 

would like to thank Stewart B. Peck, Museum of Comparative Zoology, 

Harvard University, for information and the generous loan of specimens 

collected by him and Alan Fiske. 

No conclusions will be made concerning the subspecific status of 

the populations involved, since the available samples were too small 

for accurate appraisal. 

GEORGIA: Walker County, Harrisburg Cave west of Harrisburg. 

A single juvenile (MCZ #Y-45807), the first G. palleucus recorded from 

Georgia and the most southeastern record known for the species, was 

collected in shallow water in a northeast-trending side passage about 

250 feet from the cave entrance by Peck and Fiske on 12 July 1967. 

The cave is located on the eastern flank of Pidgeon Mountain. The 

nearest known G. palleucus populations are about 30 miles northwest 

(population of uncertain subspecific status) and 75 miles northeast 

(G. p. gulolineatus) of Harrisburg Cave. The nearest known G. por- 
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phyriticus locality lies about 18 miles across and below the west side 

of Lookout Mountain. Harrisburg Cave is of modest dimensions with 

probably less than 550 feet of traversible passage, and has a large stream 

which fills its southwest sector. Other aquatic organisms collected in 

the cave included epigean crayfish and eyeless amphipods. Peck re¬ 

ports (personal communication) observing a branchiate Gyrinophilus 

on 10 June 1967 in Pettijohn Cave, which also lies on the eastern flank 

of Pidgeon Mountain, about 2-3 miles northeast of Harrisburg Cave. 

TENNESSEE: Marion County, Nickajack Cave near Shellmound. 

Despite the fact that this large, famous cave has been the site of bio¬ 

logical investigations since before the turn of the century (5), and 

serves as the type locality of a number of invertebrates, G. palleucus 

was not known from Nickajack until 2 July 1967, when Peck and Fiske 

found 3 of the 4 specimens that have been taken there. The fourth was 

taken from a wire crayfish trap on 29 July 1967 by these collectors and 

the author. 

Nickajack is a large cave which contains a permanent stream aver¬ 

aging about 15-20 feet wide and varying in depth from a few feet to 

over 15 feet. The salamanders, however, were found in a small stream 

which enters the deep cave from another subterranean source well above 

the level of the main stream channel around 2500 feet from the entrance, 

and whose flow appears to be governed by epigean climatic conditions. 

On 29 July the water was pouring into the cave from a cavity under a 

steep, mud-covered slope and was so turbid that visibility was obscured. 

There was evidence that it had been considerably higher a few days 

before, during one of the periods of extended rainfall which charac¬ 

terized the summer of 1967. On 11 November the stream was fairly slow 

and clear. Peck informed me (personal communication) that on 2 June 

1967 the 3 initial specimens had been found within a few feet of each 

other at which time the water was clear and relatively shallow. The 

ultimate destination of this stream is not known, but it may very well 

feed into the main cave stream. 

Three specimens of the troglobitic crayfish, Cambarus hamuJatus, 
for which Nickajack is the type locality, were taken on 29 July in the 

trap with the G. palleucus. This is the only aquatic organism which has 

been found in intimate association with the salamander in this cave. 

It occurs in the main stream in the cave as well as in the smaller stream, 

and is a common inhabitant of other caves in Marion County. Nicka¬ 

jack is also the type locality for 3 other troglobitic crustaceans, the 

amphipod Crangonyx antennatus and the isopods Asellus nickajackcnsis 

and A. richardsonae, described from specimens collected in the main 
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stream (5, 6). G. palleucus is known to feed on troglobitic crustaceans (4). 

Nickajack Cave lies at the base of the northeast tip of Sand Moun¬ 

tain on the west side of Nickajack Cove at an elevation of 620 feet. 

The discovery of G. palleucus here and in the Georgia locality, and the 

apparent absence of G. porphyriticus from the immediate area, makes 

it highly probable that the “very pale-colored salamander” observed by 

Hay (6) in Lookout Cave (now an undeveloped part of a commercial 

enterprise known as the Lookout Mountain Caves, near Chattanooga) 

was indeed G. palleucus as Brandon (1) has suggested. 

The entrance to Nickajack Cave is on property belonging to the 

Tennessee Valley Authority and much of the cave is fated for flooding 

by impoundment of the Tennessee River. 

ALABAMA: Madison County, Shelta Cave, Huntsville. As previous¬ 

ly mentioned, the presence of G. palleucus in this cave was tentatively 

reported in 1966 on the basis of several sightings of a large, branchiate 

salamander. Peck and Fiske confirmed the locality by capturing a sin¬ 

gle specimen on 29 June 1967. On this date the water in the cave was 

very high and the salamander was found in the open in the main room 

of the cove. Ecological associates of G. palleucus in Shelta Cave, and the 

cave itself, have been discussed by Cooper and Cooper (4). 

Limestone County, Rockhouse Cave near Rockhouse Landing. The 

discovery of G. palleucus in McKinney Pit, Colbert County, Alabama, 

some 110 miles west of Shelta, indicated a considerable hiatus in the 

known range of the species through the little-investigated limestone 

areas of north-central Alabama. It was suggested that this hiatus was 

probably more apparent than real, and the sighting of a single specimen 

of G. palleucus in Rockhouse Cave, on 25 August 1967, makes it all the 

more likely that the range of the salamander is “continuous” in suitable 

habitats across northern Alabama. While this cave lies on the north bank 

of the Tennesee River (McKinney Pit is south of the river), it is the 

southernmost known locality for G. palleucus. 

Rockhouse is one of a number of small caves situated in the base 

of a vertical bluff on the shore of Goose Pond. The cave passage slopes 

steeply down from the entrance to a moderate-sized room containing 

standing water which is accessible at several points. The lone G. pal¬ 

leucus was observed in water about 3 feet deep, crawling from under 

a ledge into an area that had been disturbed by setting a crayfish trap. 

When the beam from an electric light fell on the salamander, it turned 

almost immediately and swam back under the ledge, undulating the 

body and tail rapidly. Similar responses were observed for this species 
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in McKinney Pit, and they appear to be deliberate directional escape 

responses perhaps initiated by a negative phototaxis. 

The crayfish traps set in Rockhouse Cave failed to yield any 

specimens of G. palleucus. They did, however, produce specimens of a 

troglobitic crayfish of the genus Cambarus (cf. jonesi), and a pigmented 

crayfish of the same genus. There is also a population of the troglobitic 

fish Typhlichthys subterraneus in the cave. 
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A Rare Tooth Anomaly In An 
Alabama White-Tailed Deer1 

MAURICE F. BAKER and WILLIAM F. KELLY 

Bureau of Sport Fisheries and Wildlife, Provo, Utah 

and Alabama Department of Conservation 

While examining hunter-killed white-tailed deer (Odocoileus vir- 

ginianus) at the Choccoloeco Game Management Area, Talladega 

National Forest, Cleburne Countv, Alabama, on November 24, 1958, we 

encountered a deer with anomalous teeth. Since no further deer with 

similar teeth have been observed at Choeeolocco since 1958, this note 

will record a single rare anomaly from the herd. This 3-point buck 

weighed 75 pounds with abdominal and thoracic viscera removed, had 

antlers about 10 inches long and a hind foot measurement of 161/2 inches. 

In general it resembled 21/2-year-old deer seen at that area that year. 

Tooth replacement and wear (3) indicated a much older deer. How¬ 

ever, the teeth were a chocolate brown color and had other peculiarities 

that prompted the removal of the mandibles for further observation. 

Except for the anterior lingual cusp of the first left molar and the 

anterior edge of the first right premolar, the molariform teeth were 

devoid of enamel on the surface above the gum line. Enamel was also 

lacking on the walls of the unusually large infundibula of the molari¬ 

form teeth except the anterior left molar mentioned above. Below the 

gum line enamel was present, but was fragile and easily broken away. 

This ledge of enamel at the gum line made the absence of enamel above 

the gum line readily apparent. The enameled anterior lingual cusp of the 

first left molar most nearly resembled that of a 21//2-year-old deer. The 

protection afforded adjacent teeth by this enameled cusp resulted in a 

high point near the middle of the row of cheek teeth, the grinding 

surface of the row sloping away both anteriorly and posteriorly. For 

no apparent reason the tooth row of the right mandible had a similar 

high point but the first molar, while being the high point, had almost 

no lingual crest and resembled that of a much older deer. The degree 

of wear of the premolars and the 2nd and 3rd molars was abnormal and 

variable, but approximated that of a deer 6 to 8 years old. The incissi- 

form teeth appeared normal. 

Flyger (1) listed 26 anomalies of white-tailed deer but did not list 

1 A contribution of the Alabama Cooperative Wildlife Research Unit, Auburn 

University, the Alabama Department of Conservation, the U. S. Bureau of 

Sport Fisheries and Wildlife, and the Wildlife Management Institute, Co¬ 

operating, and the Alabama Department of Conservation. 
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a tooth condition similar to the one herein reported. Karstad (2) de¬ 

scribed similar conditions associated with fluorosis in white-tails. 

Deficiencies in the enamel of human teeth may be either congenital 

or environmental in origin (4). Presumably the same could be true in 

deer. Since 1953, over 2,000 deer have been examined at Choceolocco. 

The above-described specimen was the only one noted to have had 

such abnormal teeth. 
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Study Of Parasites In Pigeons (Columba livia) 

From Auburn, Alabama 

WILLIAM P. BARNARD and CARL F. DIXON 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

Fifteen pigeons were examined for endoparasites. Blood smears 

were taken from thirteen of the pigeons. Seven of these were found to 

be infected by Haemoproteus columbae Kruse, 1890, a protozoan which 

infects erythrocytes. The rest of the parasites found were nematodes. 

Ascaridia columbae Gmel., 1790, was found in the small intestines of two 

pigeons. Capillaria columbae (Rudolphi 1819) Travassos, 1915, was 

found in the small intestine of one. Tropisurus americanus (Cram 1927) 

Yamaguti, 1961, was found in the proventriculus of one. An adult male 

nematode of an apparent undescribed species was found in the lungs 

of one pigeon. 

Low Cost Closed Circuit Television For Microscopic 

Examination And Demonstration Of Materials In The Classroom 

HAROLD O. BEALS and TERRY C. DAVIS 

Department of Forestry 

Auburn University, Auburn, Alabama 

Closed-circuit television cameras (industrial types costing $300 or 

less) are now available that can be adapted for microscopic examina¬ 

tion and demonstration of materials in the classroom. These cameras 

may be connected either directly to the video signal input of any class¬ 

room monitor or to antenna terminals of any television receiver by use 

of the RF signal. Such cameras can be mounted above the vertical tube 

of any microscope, although use of the central tube of a trinocular 

tube system is more practical. Better results are obtained with micro¬ 

scopes having a stage or nosepiece focus adjustment than those micro¬ 

scopes with tube focus adjustments. Adequate lighting in the micro¬ 

scope system is most important since screen image contrast depends 
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upon available light. Microscopes with built-in light sources produce 

excellent results. 

The sharpest image is obtained by removing the ocular from the 

microscope and the lens from the television camera and then projecting 

the image directly on the vidicon tube. Reticules require the use of a 

40mm f/1.4 or faster television camera lens and a 5mm extension tube 

to superimpose both reticule image and microscope image and micro¬ 

scope image on the television screen. 

Low-cost helical-scan video recorders also are now available that 

can be used with a microscope to record moving images. A present ma¬ 

jor drawback with such recorders is the high cost of tape. Surplus or 

reject computer tape (black oxide) can be used in some cases, but may 

result in a shortened rotating head life. 

Giants and Monsters Among Ciliate Protozoans 

EVERETT L. BISHOP and N. FAYE LATHAM 
Biology Department 

University of Alabama, University 

Size and shape of protozoans, as with other living forms, are de¬ 

termined largely by inheritance, as modified by availability of nutrients, 

space, and toxic substances. Usually, mean size of individuals is inversely 

related to the rate of binary fission. The present report deals with sev¬ 

eral instances of aberrant size and shape, and discusses some of the 

environmental factors involved. 

Cannibalism resulting in giant individuals is described in a liypo- 

trichous ciliate. These giants also exhibit a more rapid rate of fission, 

indicating that the larger size is not merely slower reproduction. Aber¬ 

rant shapes also appear in these giants, which return to normal size and 

appearance when normal growth conditions return. Aberrant shapes of 

various ciliates are described, resulting from carnivorous attacks, bolus 

formations, conjugation, and abnormalities of fission. These naturally 

oeurring anomalies are correlated with experimentally produced injury 

or fragmentation and subsequent regeneration. 

Field Observation of Pitcher Plants In Coastal Alabama 

GEORGE F. BROCKMAN 
Southern Research Institute, Birmingham, Alabama 

Field studies have been made of the sarraceniales of Mobile Coun¬ 

ty, Alabama, as the first stage of a program to ascertain the phvloge- 

netic history of the family. Two genera are commonly found along the 
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Gulf coast of Alabama: Drosera or sundews, and Sarracenia or pitcher 

plants. Five species of Drosera and eight valid species of Sarracenia 

have been observed. S. venosa is rejected as being only an environ¬ 

mentally controlled variation of S purpurea Linne, on the basis of trans¬ 

plantation experiments. 

Within Sarracenia, S. psittacina appears on the basis of leaf struc¬ 

ture and development to be the most similar to the archetype of the 

genus. S. purperea is intermediate between the S. psittacina line and 

the remaining species. All of the remaining species, known collectively 

as trumpet plants, have arisen by radiation from a common ancestral 

type—from which none are very far removed. 

Connective Tissues Of The Head-Foot Region Of 

Stagnicola palustris (Muller) 

R. BROWN and JULIAN HAYNES 

Alabama College, Montevallo, and University of Notre Dame, N. D., Indiana 

The glycogen containing cells of the odontophore of Stagnicola 

palustris are large, nearly twice as long as wide, polygonal to oval in 

shape, with small nuclei. Similar glycogen containing cells have been 

found in Nasa obsoleta, Actinonaia carinata, Fusconaia flava, Ligumia 

recta, and single representatives of the following genera: Sphaerium, 

Pleurocercas, Campeloma, and Mesoclon. 

Microbial And Enzymatic Activity In 
Soil Of Long-Term Fertility Plots 

E. A. CURL and R. RODRIGUEZ-KABANA 
Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Comparative determinations of factors relating to microbial ecology 

were made in 10 field plots which had been subjected to the same series 

of fertilization treatments for 10 years. Plot treatments represented fer¬ 

tility conditions ranging from a full treatment of lime, phosphorus, po¬ 

tassium, nitrogen, and minor elements to applications deficient in one 

or more of these components. Soil samples were taken in May of 1967, 

just prior to planting soybeans, and were processed in the laboratory by 

standard or modified procedures. 

Populations of fungi and bacteria were high in plots with complete 

fertilizer treatment and lowest in low-fertility plots. Soil enzymatic 

activity (saccharase, B-glucosidase, amylase, and protease) was closely 

correlated with populations. Germination of sclerotia of Sclerotium 



Abstracts 191 

rolfsii was little affected by the fungistatic principle in plot soil regard¬ 

less of treatment. However, significant differences between plot soils 

were evident for numbers of new sclerotial initials formed immediately 

following sclerotial germination. The trend for formation of initials 

generallv paralleled that for soil-enzyme activity. 

No recognized pathogenic fungi were found colonizing organic 

debris particles in plot soils. The predominant fungi were Trichoderma 

spp., which showed no distinct relation in prevalence to other soil vari¬ 

ables, and two unidentified fungi which showed prevalence patterns 

similar to that for soil-enzyme activity. Percentage emergence of soy¬ 

beans, planted in containers of plot soil, was inversly related to microbial 

populations and soil-enzyme activity. Many of the seedlings appeared 

diseased, but no soybean pathogen was isolated. 

Influence of Temperature on Aflatoxin Production 

by Aspergillus flavus in Soybeans 

DAVID W. ELDRIDGE 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Production of aflatoxin by Aspergillus flavus on soybeans was in¬ 

vestigated by incubating surface-disinfested seed in environmental 

cabinets at 98±1% relative humidity at temperatures ranging from 10 

to 44 C. Samples were removed after 7, 14, and 21 days of incubation 

and assayed for aflatoxin, free fatty acids, and kernel moisture. Highest 

yields of aflatoxin were obtained at temperatures of 25-35 C, whereas 

no aflatoxin was formed at 10 or 42 C. Limiting high temperature for 

aflatoxin production was 40±1 C for 21 days with no aflatoxin being 

produced at 42 C. The limiting low temperature for visible growth and 

aflatoxin production by A. flavus was 13± 1 C for 21 days. There was 

no quantitative relationship between aflatoxin synthesis and free fatty 

acid production. However, when aflatoxin was produced there was also 

a simultaneous increase in free fatty acids. 

Respiratory Activity of Corn Seedlings 
Infected With Maize Dwarf Mosaic Virus 

DONALD W. CATES and ROBERT T. GUDAUSKAS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Respiratory activity of inoculated and subsequently emerging leaves 

of seedling corn, Zea mays L. ‘Stowell’s Evergreen,’ was measured bv 

standard manometrie techniques at intervals for 10 days after inocu¬ 

lation. Inoculations were made by the carborundum-gauze pad tech- 
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nique with MDMV in crude sap, purified MDMV, and with non- 

infectious extracts from MDMV-infected plants. 

A 7-19% decrease in respiration occurred within 2-6 hr. after leaves 

were inoculated with MDMV in crude sap or with non-infectious ex¬ 

tracts; however, no such change occurred when purified virus was used 

as inoculum. The residts suggested the possible accumulation of a res¬ 

piratory inhibitor in diseased plants. The second day after inoculation 

with MDMV in crude sap a 6% increase occurred in the infected leaf 

(3rd) immediately above the inoculated leaves, and respiration in this 

leaf was stimulated by 6-12% through 5 days after inoculation. By the 

7th day, respiration in the 3rd leaf was reduced by 6%. A similar pattern 

was observed in successively emerging leaves; an initial increase in 

respiration upon emergence was followed by a return to a level near that 

found in healthy plants. 

Respiration in adventitious roots of MDMV-infected corn seed¬ 

lings was 11-15% higher than that of healthy roots from 2-4 days after 

inoculation of corn leaves. Following this initial increase, a 11-17% de¬ 

crease occurred at 5, 8, and 10 days after inoculation. Increased respira¬ 

tion in leaves and roots was apparently concurrent with the most rapid 

synthesis of infectious MDMV. 

The Effect Of Acetate Upon The 

Growth Of Arthrobacter globijormis 

MARGARET GREEN and KUNJBALA PATEL 

Department of Bacteriology 

University of Alabama, University 

Arthrobacter globijormis, a common soil bacterium, grew in a sim¬ 

ple synthetic medium containing glucose and ammonium salts as the 

sole carbon and nitrogen sources. Acetate failed to support growth when 

used as the sole carbon source. Furthermore, acetate at about 0.7% Na 

acetate inhibited growth on glucose. Young cells, unless inoculated as 

washed cells, were less inhibited by acetate than older cells. Biotin re¬ 

lieved the inhibition produced when acetate was present in a glucose 

medium. Glycine and acetate, present together in a medium at a carbon 

level equivalent to 0.5% glucose, supported a higher yield than glucose 

but only after a lag period. Theories of acetate metabolism based upon 

growth studies will be presented. 
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Some Physical Properties Of Nuclear And Cytoplasmic 
Deoxyribonucleic Acid Of The Sea Urchin 

Strongylocentrotus purpuratus 

THOMAS A. GILLESPIE 

University of Alabama, Birmingham 

Ethidium bromide is a trypanocidal drug which binds by inter¬ 

calation into DNA producing a stable, metachromatic complex. DNA 

from embryos of the purple sea urchin Strongylocentrotus purpuratus 

was complexed with ethidium bromide and subjected to sedimentation 

equilibrium density gradient centrifugation. Discrete banding of two 

separate populations of nuclear DNA was observed. The binding mech¬ 

anisms of ethidium bromide indicate the existence of two structurally 

different molecular populations of nuclear DNA. 

Substrate Particle Size Preferences Of The Larvae Of 

Simulium decorum Walker (Diptera:Simuliidae). 

D. K. M. HUDSON and KIRBY L. HAYS 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

An experimental population of Simulium decorum Walker larvae 

was established in a wooden trough at Auburn University Farm Pond 

One. Wooden blocks with one surface covered with various sized sand 

particles were placed in the trough in such a manner as to allow the 

larvae to attach to the sand particles. A rubber hose with a two inch 

internal diameter was used to supply a constant flow of water to the 

trough. All environmental factors reported in the literature as affecting 

the distribution and abundance of black fly larvae were kept constant. 

Only the substrate particle size was varied. It was observed that S. 

decorum larvae could differentiate at least three different substrate 

particle size ranges and preferred one range (0.07 mm to 0.10 mm) 

over the other two ranges in every test. The smaller particle size ranges 

0.00 mm to 0.24 mm) were always preferred over the larger particle 

. size ranges (0.24 mm to 6.0 mm). 

A Laboratory Microhumidity Chamber 
For Pathogenicity Investigations 

A. j. LATHAM 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

A petri dish may be modified for laboratory use in plant pathogeni¬ 

city investigations. A small slit burned through the side of the plastic 
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petri dish allows for insertion of the leaf petiole. The hole around the 

leaf petiole is filled with silicone lubricant; also the contact surface of 

top half with rim of the bottom is coated with the lubricant. Two 

filter papers in the bottom of the plate are saturated with water, and 

the leaf is sprayed lightly with water. After inoculation the top half is 

pressed onto the bottom plate and the assembly held in position with 

a clamp attached to a ring stand. The petri dish permits inspection of 

the leaf for study of spore germination, infection, and lesion develop¬ 

ment. It may be removed momentarily to spray additional water onto 

the leaves. 

The compactness of the humidity chamber permits the investigator 

to keep the apparatus in the laboratory for frequent observations with 

the microscope or in the classroom for demonstration purposes. Inocu¬ 

lum consisting of sports or mycelial agar discs have been successfully 

used in pathogenicity studies. 

Timing Fungicidal Applications For 

Control Of Peanut Leaf Diseases 

J. A. LYLE and F. J. SUBIRATS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Two major fungal leafspot diseases, caused by the fungi Cercospora 

arachidicola and Cercospora personata, commonly occur on peanuts in 

southeastern United States. However, effects resulting from these fungal 

inspections are regarded as only one disease. Lesions also occur on 

stems, petioles, and seed pods. Further spread of infection may result in 

peg breaking and extensive early defoliation. Another disease known as 

leaf scorch is caused by the fungus Leptosphaerulina arachidicola and 

apparently is also of common occurrence on peanuts in Alabama and 

Georgia. Scorch affects leaves and stems, and spread of infection can 

also defoliate plants. 

In 1967, fungicidal dusts and sprays were applied from June 1 

through August 28 at 7-, 10- and 14-day intervals to determine their 

effectiveness in control of these 3 diseases. During the season the number 

of applications used ranged from 13 for the 7-day schedule to 7 for the 

14-day schedule. The last application in each schedule was made about 

14 days before harvest. One hundred leaves were collected at random 

from eaeht disease-control plot on July 5 and 19 and August 3 and 23 to 

determine leaf disease incidence as a measure of disease control. 

Polyram 3.5%-Sulfur 60 dust applied at the rate of 15-25 Ib/acre 

and Cyprex 65W and TC-90 sprays applied at the rate of 1 lb and 14 
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gal/acre, respectively, were consistently more effective than other 

fungicides for disease control as measured by leaf disease incidence and 

yield. Control of these leaf diseases, either by dust or spray fungicides, 

significantly increased peanut yield and improved hay quality. 

Germination And Cold Tolerance Of Mistletoe Seeds 

PAUL LYRENE and D. E. DAVIS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Phoradendron flavescens, the familiar leafy mistletoe of the eastern 

United States, does not grow north of a line extending from southern 

New Jersey to Missouri. Since low winter temperatures may prevent 

seed germination the cold-tolerance of mistletoe seed was investigated. 

Seeds were subjected to temperatures ranging from — 20°C to 0°C for 

periods of 24 and 72 hr. Viabilities were tested by attempting to germi¬ 

nate the seed on moist filter paper in petri dishes. All seeds exposed to 

temperatures of — 20°C for periods of 24 hr. did not germinate. Ex¬ 

posure to temperatures no lower than —11° C for 72-hr. periods did 

not noticeably inhibit germination. 

On the basis of this experiment, it appears that the limited cold- 

tolerance of mistletoe seed may be a factor in defining the northern 

limits of the natural range of mistletoe. Southern Missouri, which is 

near the northern edge of the range of P. flavescens, experiences an 

average annual minimum temperature of about — 20°C. 

The Seasonal Abundance of Corn Earworm IHeliothis sea 

(Boddie)] Moths In The Arlington, Wisconsin 
o 

Area As Determined By The Blacklight (3600 A) Trap 

BALDEV S. MANGAT 

Alabama A. and M. College 

Normal, Alabama 

O 

The results of blacklight (3600 A) trapping studies conducted from 

1961 through 1964 indicated that the start of the major corn earworm, 

Heliothis zea (Boddie), moth flight occurred during the last week of 

August or the first week of September in the Arlington, Wisconsin area. 

An accumulation of the air temperature was made above a base tem¬ 

perature of 54°F for each of the four years and results showed that a 

significant late-season flight of corn earworm moths in the Arlington 

area might be expected to start between 1600 and 1650 thermal unit 

accumulation. 
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Effects Of A Shell-Boring Annelid, Polydora websteri, on 

The Condition Of The American Oyster, Crassostrea virginica 

HUGH A. McCLELLAN and GEORGE A. ROUNSEFELL 

Marine Sciences Institute 

University of Alabama, University 

Examination of oysters from Alabama infested by the annelid, 

Polydora websteri, indicated that Polydora is a serious pest to oyster 

culture. Differences in water content of the meat or shell cavity vol¬ 

ume were not significant. Consequently, restricted living space or in¬ 

creased water content suggested by other workers, cannot be attributed 

to Polydora in this area. The two groups differ significantly in condition 

index. Reduction in the quantity of meats from infested oysters amounts 

to approximately one pint per bushel of shell stock. 

The Effects Of Serpasil And Promazine HC1 

Upon Pituitary ACTEI Secretion 

GLARANNE McCUTCHEN and KENNETH OTTIS 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

In an effort to clarify whether certain tranquilizer compounds have 

a stimulating activity upon the adrenal cortex, several experiments were 

designed. Serpasil was injected in the first experiment, the animals sac¬ 

rificed at stated intervals and an ascorbic acid depletion (AAD) assay 

run on the adrenal glands. A maximum AAD occurred three hours post¬ 

injection. In the second experiment, the Serpasil animals were pre¬ 

treated with a monoamine oxidase inhibitor (MAOI), the animals sac¬ 

rificed at intervals and the AAD assay run. Maximum AAD occurred at 

the one-hour period. In the third experiment, Promazine hydrochloride 

was administered, the animals sacrificed at stated intervals and adrenal 

glands assayed. Maximum AAD occurred three hours post-administra¬ 

tion. In the fourth experiment, the role of serotonin was investigated by 

pre-treating the animals with Alpha Methyl Dopa, a proven inhibitor of 

serotonin synthesis. This treatment was followed by a regular Serpasil 

protocol, the animals sacrificed and their glands assayed. Only a slight 

AAD was noted one hour post-injection. 
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Studies On The Metastasis Of The Fortner 

Plasmacytoma To The Brain And Other Tissues Of Hamsters 

JACK H. MOORE, DANIEL P. GRISWOLD, JR., 

CHARLES R. RATLIFF0 and HENRY WALKER 

Southern Research Institute 

Birmingham, Alabama 

The Fortner hamster Plasmacytoma No. 1 has been shown to pos¬ 

sess features characteristic of many human malignancies — features 

which should be of advantage in attempting to better understand 

neoplastic growth and responses to chemical agents. This tumor has 

been shown: to metastasize to the axillary lymph nodes by one day 

following subcutaneous implant of a tumor fragment and to the brain, 

spleen, liver, lungs, kidneys, blood, and femoral marrow as early as six 

days following subcutaneous implant; to proliferate in the brain and 

eventually result in host death; and to cause host death, following cyclo¬ 

phosphamide (Cytoxan)-induced regression of subcutaneous tumors, 

by continued growth in sites (e.g. brain) which are relatively inacces¬ 

sible to active Cytoxan metabolites. 

The Viability Of Toxoplasma gondii In Host Tissue 

CHARLES R. RATLIFF0 and HENRY WALKER 

Memorial Institute of Pathology, Birmingham Baptist Hospitals, 

and Department of Biology 

University of Alabama, University 

The natural transmission of Toxoplasma gondii has not been com¬ 

pletely defined; however, experimental results have suggested cutan¬ 

eous, respiratory, and oral routes for acquiring this petite protozoan. 

Uncooked or underdone meats may be a source of this parasite since 

toxoplasmas have been recovered from domestic animals. 

These studies on the viability of Toxoplasma in dead host tissue 

included (1) recovery of infective organisms from intact host animals, 

and (2) survival in spleen, lung, and liver after removal from host. 

C-Scott albino mice inoculated with fresh RH strain toxoplasmas were 

observed until death, equally divided, and kept at room temperature or 

refrigerated. At 12, 24, and 36 hours, peritoneal exudate, spleen, lung, 

and liver tissues were removed and examined for these parasites In¬ 

direct mounts and Giemsa impression smears. These tissues were tritu¬ 

rated with saline and inoculated into clean mice. 

In all instances, viable toxoplasmas were recovered from intact ani- 

° Present Address: Scott & White Clinic, Temple, Texas 
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mals after 12 hours; approximately fifty per cent after 24 hours, where¬ 

as only one refrigerated carcass yielded viable organisms after 36 hours. 

Although toxoplasmas were found on microscopic examination, auto¬ 

lysis apparently reduced recovery of viable organisms at 24 and 36 hours. 

Spleen, lung, and liver tissue were triturated with saline three days 

after removal from mice infected with NIH strain Toxoplasma, and in- 

traperitoneallv injected into ten C-Scott albino mice. Subsequent exami¬ 

nation ten days post infection revealed toxoplasma in two mice. 

The recovery of viable Toxoplasma from dead host tissues suggests 

a transmission route consistent with previous reports of this nature (J. 

Parasitol, 46:23, 1960; J. Trop. Med. & Hyg., 65; 314, 1962). 

A Preliminary Study On The 

Separation Of Two Bluegill (Lepomis macrochirus) 

Populations With Serological Methods 

ROLAND E. REAGAN, JR. and J. E. WATSON 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

Attempts to separate two geographically isolated bluegill popu¬ 

lations by agglutination of erythrocytes with human antisera were not 

successful. Human anti-A serum would agglutinate both populations’ 

erythrocytes, but between population variance was zero. Adsorption 

tests were conducted, in an attempt to find small antigenic differences 

in the populations, without success. 

It was thought that the antibodies present in human anti-sera were 

too broad in spectrum to differentiate small antigenic differences be¬ 

tween the populations. Screening of plant extracts for possible agglu¬ 

tination activity was accomplished on three plants; tobacco (Nicotiana 

tabacum), morning glory seed (Ipomoea purpurea) and honey locust 

seed (Glenditsia triacanthos). Of these only honey locust seed proved 

to have any activity. 

Enzymatic Relationship Of Sclerotium rolfsii 

And Trichoderma viride In Mixed Soil Culture 

R. RODRIQUEZ-KABANA 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Information on the mechanism of microbial interactions in soil is 

limited. A study was designed to obtain data on various enzymatic ac¬ 

tivities of a two-organism system in soil. Preliminary experiments were 
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conducted to determine optimal pH values for amylase, beta-glueosidase, 

and phosphatase activity in soil cultures of Sclerotium rolfsii (plant 

parasite) and Trichoderma viride (antagonist). Buffers with pH values 

in the range of 4.0-5.5 were found optimal for enzymatic activity of 

both fungi. Linear relationships between dry mycelium added to sterile 

soil and enzymatic activity for S. rolfsii were obtained and served as the 

basis for interpretation of mixed culture studies with these two fungi. 

Pure soil cultures of S. rolfsii were established in sterile soil supple¬ 

mented with a nutrient solution containing glucose, fGHPCh, and KNO3. 

The pathogen was grown for 24 hours, then Trichoderma was added to 

the svstem. Growth of the antagonist resulted in an increase in soil 

PH, decrease in titratable acidity of the soil-water extract, and drastic 

declines in saccharase, amylase, beta-glucosidase, and phosphatase ac¬ 

tivity of the mixed culture soil as compared to soil with S. rolfsii alone. 

Glucose and nitrate nitrogen utilization occurred at a faster rate for the 

mixed culture than for the pure S. rolfsii culture. The antagonist action 

of T. viride on S. rolfsii is interpreted as the result of its faster growth, 

the increase in soil pH values beyond optimal for enzymatic activity of 

S. rolfsii, and a degradation of the pathogen’s enzymes by the proteo¬ 

lytic system of T. viride. 

The Effects Of Cold Adaption On Cytochrome Oxidase 

In The Lizard, Dipsosaurus dorsalis 

RICHARD B. RYEL 

University of Alabama, Birmingham 

The effects of temperature on oxidative metabolism in Dipsosaurus 

dorsalis were investigated on intact animals and on tissue and cellular 

processes. Respiration measurements for whole organism and liver tissue 

using manometric techniques were taken for control animals and for 

animals acclimated to 10°C. Cytochrome oxidase activity was determined 

for the same control and cold-acclimated groups using spectrophoto- 

metric techniques. All measurements were taken at various tempera¬ 

ture intervals ranging from 15°C. to 50°C. The respiratory rate for 

cold-acclimated intact animals was significantly higher at lower tem¬ 

peratures than for the control group. At the upper thermal limits liver 

tissue respiration was significantly greater in the control group. Cyto¬ 

chrome oxidase activity was also significantly higher at higher tempera¬ 

tures in the control group. These results indicate some minor altera¬ 

tion in the enzyme system resulting from the effects of cold adaption. 

Changes in tertiary structure have been proposed after a close exami¬ 

nation of the cytochrome oxidase system. 
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Effect Of Carbon Dioxide, Temperature, And 

Relative Humidity On Aflatoxin Production 

T. H. SANDERS, N. D. DAVIS, and U. L. DIENER 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Prevention of growth and aflatoxin production by Aspergillus flavus 

on peanuts was investigated utilizing the inhibitory effects of carbon 

dioxide in combination with reduced relative humidities (RH) and 

temperatures. Sound mature kernels of Early Runner peanuts were sur¬ 

face disinfested, inoculated with A. flavus, and incubated under various 

temperatures, RH, and carbon dioxide concentrations. Total prevention 

of visible growth, aflatoxin production, and free fatty acid (FFA) for¬ 

mation was obtained in an environment of 86% RH with 40% CO2 at 25 

C and also with 20% CO2 at 17 C. Aflatoxin and FFA levels decreased 

as RII decreased from approximately 99 to 92 to 86%. At a given tem¬ 

perature, increasing the CCU concentration decreased aflatoxin and per¬ 

centage FFA, and at a given CO2 concentration, lowering the tempera¬ 

ture resulted in a decrease in aflatoxin and percentage FFA. 

Aflatoxin Degradation By Aspergillus flavus 

JAMES W. SEARCY 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

The degradation of aflatoxin by Aspergillus flavus Link ex Fries 

was investigated by thin-layer chromatography and autoradiogram 

procedures. Aflatoxin production was shown to correspond with the 

logarithmic phase of mycelial growth, followed by a period of declin¬ 

ing aflatoxin concentration. Investigation into the cause of the decline in 

aflatoxin concentration that followed maximum production showed that 

extracellular enzyme systems of A. flavus were unable to degrade afla¬ 

toxin. Growing or preformed A. flavus mycelial mats did not metabolize 

aflatoxin to carbon dioxide, and preformed mycelial mats did not de¬ 

grade the toxin. However, in the logarithmic growth phase the fungus 

absorbed and partially degraded the radioactive aflatoxin that was 

added to the medium prior to inoculation. Isolation and partial charac¬ 

terization of a radioactive degradation product from a mycelial auto¬ 

lysate showed it to be either kojic acid or a compound very similar to 

kojic acid. Traces of this degradation product were also found in the 

nutrient solution. 
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Study On The Pathology Of The Cofan And Secoya Indians 

Of The Eastern Ecuadorian Rainforests 

SANDRA G. SMITH and WALLACE SWANSON 

Auburn Lhiiversity, Auburn, Alabama 

and Hospital Voz Andes, Quito, Ecuador 

In the rainforests of eastern Ecuador (Oriente) reside six known 

indigenous groups. The object of this study was to investigate the gen¬ 

eral state of health of members of two of these groups. A village of 

Cofans located on the Rio Aguarico and a village of Secoyas located 

on the Rio Cuyabeno was selected for investigations. 

Medical histories of these groups showed that 15% of Cofan deaths 

were due to unidentified causes. 50% of their deaths were due to in¬ 

fectious diarrhea, influenza and fevers of unknown etiology. Sharp and 

chronic alcoholism was found to be a definite problem and represented 

10% of all their deaths. 

Of the Secoya deaths, 33% were due to unidentified causes. The 

major cause of death was influenza. Tuberculosis claimed 12% of the 

deaths. Fevers of unknown etiology constituted the third major cause 

of death. 

Intestinal parasitosis was the major health problem found in both 

the Secoyas and Cofans. 

Chemistry 

The Feasibility Of Using A Coulometric Technique 

For The Determination Of Hydrogen Solubility 

In Various Solvents 

JERRY W. BARRETT and PETER DAVID SUMMER III 

Department of Chemistry 

Samford University, Birmingham, Alabama 

A method for the analysis of hydrogen at metal surfaces was de¬ 

veloped by Franklin and Sothem (J. Phys. Chem. 58:951. 1954) and 

employed in a number of subsequent investigations by Franklin and 

others (Barrett, Jerry W., Ph.D. Dissertation, Baylor University Chem¬ 

istry Department. 1967) to determine both the amount of hydrogen 

at a Group VIII metal electrode and whether the hydrogen is on the 

surface of the metal (adsorbed) or in the interior of the metal (ab¬ 

sorbed ). 

The three principal applications of this technique in previous studies 

have been: 
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(a) Electrode surface area or number of active hydrogen site de¬ 

terminations. 

(b) Identification of surface species present. 

(c) Measurement of the adsorption and absorption rates of species 

on the electrode surface. 

Because palladium absorbs large amounts of hydrogen (compared 

to the other Group VIII metals) in a very stable form, it was considered 

to demonstrate potential for a new technique: The quantitative measure 

of the solubilty in solution of a species capable of reaction at the pal¬ 

ladium electrode by the coulometrie method. Results of preliminary 

investigations confirmed this capability in that the amount of hydrogen 

sorbed from solution, and subsequently oxidized coulometrically, was 

found to be directly proportional to the solubility of hydrogen in a va¬ 

riety of solutions and solvents. 

Spectroscopic Studies Of Hydrogen Bonding Of Amines 

ROBERT P. BAUMAN 

Department of Physics 

University of Alabama, Birmingham 

Prior studies of weak interactions of molecules in liquids and solu¬ 

tions and of hydrogen bonding in the hydroxyanthraquinones led us 

to investigate hydrogen bonding in the aminoanthraquinones and in 

some simple amines. Infrared spectra have been obtained of solids, of 

liquids and/or solutions, and of vapors of selected compounds. Mixed 

solute studies and mixed solvent studies have helped distinguish be¬ 

tween some bulk solvent effects and more directional interactions. 

Nuclear magnetic resonance spectra have also been obtained. One of the 

immediate conclusions to be drawn is that early infrared measurements 

with prism spectrometers were often as misleading as helpful. It is also 

clear that the fundamental theory of the hydrogen bond and the effect 

of the hydrogen bond on infrared vibrational bands is still far from 

satisfactory. 

Structural Studies Of Polyethylene By 
Pyrolysis Gas Chromatography 

L. J. BREITHAUPT, JR. and CLYDE G. FORD 

Erling Riis Research Laboratory 

International Paper Company, Mobile, Alabama 

A study of the pyrolysis gas chromatograms (pyrograms) of sev¬ 

eral commercially available polyethylenes has shed some light on the 

structure of such resins. Additional work now projected should add to 
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this knowledge. This information should be of use in explaining anoma¬ 

lies in polymer behavior (such as heat-sealing difficulties, extrusion 

problems, viscosity differences, film cracking or crazing, and others), 

and might eventually lead to the ability to write extremely narrow 

specifications for polymers for various uses. 

Out of a total of 37 resolved peaks in a typical chromatogram, 27 

have been identified with a relatively high degree of confidence. The 

positions of the other peaks reveal limited information about their iden¬ 

tity. The majority of the peaks consist of triplets. Each triplet is com¬ 

posed of the o-olefin, n-alkane, and cr,a>-alkadiene, all three with the 

same number of carbon atoms and present in approximately the ratio 

2:1:1. 

Pyrograms of highly purified, high-density polyethylene indicate 

the first peak eluted is composed largely of low molecular weight hy¬ 

drocarbons, while the second peak consists largely of low molecular 

weight oxygenated compounds. 

Pyrolysis Gas Chromatography Of Acrylic Resins 

L. J. BREITHAUPT, JR. and CLYDE G. FORD 

Erling Riis Research Laboratory 

International Paper Company, Mobile, Alabama 

Use of pyrolysis gas chromatography in conjunction with infrared 

spectrophotometry can provide considerably more information about 

acrylic coating resins than infrared spectroscopy used alone. Acrylic 

copolymers with styrene can be identified, and certain structural fea¬ 

tures of the copolymers can be elucidated using the combined tech¬ 

niques. Gas chromatographic data also relate the amount of acrylic acid 

produced by pyrolysis to the glass transition temperature (Tg) of the 

resin. 

Attenuated Total Reflectance In The Far Infrared Region 

L. J. BREITHAUPT, JR. and CLYDE G. FORD 

Erling Riis Research Laboratory 

International Paper Company, Mobile, Alabama 

In previous work (Ford, Clyde G. Attenuated total reflectance in 

the cesium bromide region. Submitted to Spectrochemica Acta, Part A) 

a conventional attachment was used to extend the attenuated total re¬ 

flectance (ATR) technique into the far infrared region. Further in¬ 

vestigation shows spurious peaks in the CsBr region using K11S-5 are 

probably related to regions of order in the crystal structure. Additional 
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work shows the feasibility of using ATR in this spectral region for 

quantitative analysis of some solid polymeric materials. 

The Applicability Of Relaxation Theory To Ionic Mobility 

GEORGE F. BROCKMAN 
Southern Research Institute 

Birmingham, Alabama 

The relation of classical hydromechanics to the mobility of ions in 

solution is discussed, and it is shown that continuum mechanics is not 

applicable to the movement of ions. The Frank-Wen theory is described 

in very general terms, but is shown to lack the quantitative form neces¬ 

sary for a theoretical prediction of mobility of ions. 

The nature of relaxation theory and the mathematical form of the 

relations it requires are discussed. A mathematical relation between 

heat of hydration and mobility of relaxation-theory form is hypothesized 

and shown to exist. Theoretical justification of coefficients is left to fur¬ 

ther research. 

Study Of Diffusion By Gouy Interferometry 

O. W. EDWARDS 

Tennessee Valley Authority 

Muscle Shoals, Alabama 

Diffusion of solutes under the influence of a concentration gradient 

is measured by determining the concentration of the solute as a func¬ 

tion of time at a known distance from an initial boundary. The con¬ 

centrations are determined analytically or from measurements of den¬ 

sity, conductance, or optical properties. The optical methods include the 

schleiren, Rayleigh, and Gouy methods. In the Gouy method, a colli¬ 

mated beam of light is passed through a column in which diffusion is 

occurring and focused on a photographic plate. The refractive index 

gradient produces a series of interference fringes that collapses with 

time, and the diffusion coefficients are calculated from the rate of 

movement of the fringes. 

The Gouy method has been used at TVA to measure diffusion 

coefficients of phosphoric acid and of aqueous solutions of ammonium 

and potassium phosphates. The method has been used also to measure 

the four diffusion coefficients of the ternary system H3P04-Ca(FRPCh)i- 

H2O. The four diffusion coefficients are calculated by a least-squares 

procedure that has been programmed for an electronic computer. This 

procedure has been developed further for calculating the (n - 1)2 co- 
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efficients for an n-component system, and measurements of the 9 dif¬ 

fusion coefficients for at least one 4-component system are being con¬ 

sidered. 

Automated Retrieval Of Fertilizer Technology 

J. L. ELROD 

Tennessee Valley Authority 

Muscle Shoals, Alabama 

The National Fertilizer Development Center of TV A uses a com¬ 

puter-type system with visual read-out facilities to retrieve technical in¬ 

formation from 16 mm microfilm. The retrieved information is used 

worldwide. The system, Miracode (microfilm information retrieval ac¬ 

cess code), scans the film at a rate of 8000 pages per minute. Simplicity 

of operation allows staff members to perform searches with minimum 

guidance. 

An effective retrieval system depends primarily on precise indexing 

and coding. Personnel with a background in the field of interest should 

code the information. Articles for Miracode are selected from approxi¬ 

mately 650 scientific and technical publications. Each article is coded 

in depth with an average of 10 descriptive words from its subject con¬ 

tent. The system’s capacity of 4,000,000 codes exceeds present demands. 

The TVA thesaurus contains -—10,000 descriptors. 

The retrieval system has led to new perspectives for the technical 

library. It has revealed deficiences in the acquisition of various topics. 

Internally, a weekly list of article titles are distributed to maintain cur¬ 

rent awareness. 

Fluorometric Methods For The Determination 
On Anti-Leukemic Drugs In Serum 

JOE M. FINKEL 

Southern Research Institute 

Birmingham, Alabama 

In recent years analytical research has been concerned with the 

modification of existing methods and the development of new methods 

for analyzing very small amounts of material, especially in biochemical 

and medical research. A technique that has the sensitivity and simplic¬ 

ity for such uses is fluorometry. While the phenomenon of fluores¬ 

cence has been known for many years, only in recent years has it be¬ 

come an important analytical tool. In many cases fluorometrv is a 

thousand times more sensitive than ultraviolet spectrometry. The lower 

limits of detection for some fluorescent methods are in the parts-per- 
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billion range. Attempts have been made to associate molecular struc¬ 

ture with fluorescence. Aromatic structures that are substituted by elec¬ 

tron donating groups in conjugated systems capable of a high degree 

of resonance will enhance fluorescence. Several factors may modify or 

quench inherent fluorescence characteristics. Examples of this is the 

presence of oxygen or photochemical decomposition. With the above 

information in mind, quantitative methods were developed for the de¬ 

termination of 6-mercaptopurine, actinomycin D, lapachol, and dauno- 

mycin in serum. Actinomycin D, 6-mercaptopurine, and lapachol showed 

no strong inherent fluorescence; therefore, their structures had to be 

altered. Actinomycin D and 6-mercaptopurine were oxidized to fluo¬ 

rescent species, and lapachol was reduced to a fluorescent species. 

Daunomycin was determined directly from serum without altering its 

structure. 

An Infrared Study Of Fatty Acid Size Cooking 

CLYDE G. FORD and L. J. BREITHAUPT, JR. 
Erling Riis Research Laboratory 

International Paper Company, Mobile, Alabama 

The course of a typical paper mill size saponification was followed 

by an infrared analytical technique, using polyethylene film sample 

holders. The analytical method is simple, rapid, and of reasonable accu¬ 

racy for paper mill operations. As expected, the rate for saponification 

is rapid but dependent on quality of mechanical mixing. Even with good 

mixing there is a slow terminal rate apparently controlled bv diffusion. 

Geology 

Some Clinographic Observations At Birmingham, Alabama 

GEORGE F. BROCKMAN 
Southern Research Institute, Birmingham, Alabama 

Short-term tilts of the earth’s surface have been observed by the 

use of a Zollner pendulum. Short data runs have been made at sensitivi¬ 

ties as high as one millimicroradian, but instrumental and foundation in¬ 

stabilities and the presence of large signals have prohibited extensive 

measurement at high sensitivity. Seismic G waves with intensity maxima 

near 70 and 1500 seconds are observed in all recorded data. Bodily tides 

have been recorded and found to be about 0.7 times the equilibrium 

tide. 

Non-oscillatory tilts of large size are attributed to weather situa- 
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tions: warping of the surface due to differential solar heating of the 

hilltop site, adjustment to atmospheric pressure gradients, and sedi¬ 

ment volume changes associated with ground-water changes. Slumping 

is frequently observed in the record. 

Observations On The Lower Carboniferous 

Ammonoid Genus Goniatites 

JAMES A. DRAHOVZAL 

Geological Survey of Alabama 

Species designation of the Visean-Namurian genus Goniatites De 

Haan, 1825, has been based dominantly on differences in conch form 

and shell ornament, and variations in these characteristics have been 

used as stratigraphic indicators. Suture lines have often been ignored 

or accorded secondary importance, but they exhibit regular and pre¬ 

dictable variations which are of biostratigraphic significance. 

An evolutionary trend in the suture lines of Goniatites from the 

Moorefield-Fayetteville Formations of northern Arkansas is illustrated. 

The height of the median saddle of Goniatites crenistria Phillips from 

the lower Moorefield Formation (equivalent to the Pi zone of England) 

is less than one-half the height of the ventral lobe at maturity. In the 

upper Moorefield and Batesville Formations (upper P2 zone of Eng¬ 

land), Goniatites choctawensis Shumard and Goniatites granosus Port- 

lock are characterized by sutures whose median saddles are greater 

than one-half the ventral lobe height at diameters above 20-25 mm. The 

height is more than 60 per cent the lobe height in a submature Goniatites 

from the lower Fayetteville Formation (Ei zone of England). 

Validity of this trend is suggested by Goniatites from other parts 

of North America, as well as by those of the Eurasian and African con¬ 

tinents. 

Exploration In The Colombian Andes, South America 

DOUGLAS E. JONES 

University of Alabama, University 

The western and central parts of Colombia are formed by the 

Andean structural system consisting from west to east of the Cordillera 

Occidental, the Cordillera Central and the Cordillera Oriental. The 

eastern termination of the system, separating it from the vast llanos of 

the Meta, Orinoco and Amazon Rivers, is quite distinct and faulted in 

a manner similar to our North American Rocky Mountain System. A 

reconnaissance from Bogota in the eastern range to Villavicencio and 
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south a distance of 150 miles permitted cursory study of sediments rang¬ 

ing in age from undetermined Pre-Devonian metamorphics and Cre¬ 

taceous scdimentaries to Eocene alluvial sediments. The main purpose of 

the trip, made under the auspices of the University of Alabama, was to 

study the Sierra de la Macarena region in the State of Meta approxi¬ 

mately 100 miles south of Bogota. The Macarena region is structurally 

and topographically distinct from the Andes and occupies a rather sig¬ 

nificant position in the llanos region. 

The Sierra de la Macarena is an elongate range, trending generally 

north-south, standing five to six thousand feet above the plains to the 

west and east. The general structure here appears to be a broad anti¬ 

cline faulted in part and dipping to the east. The main part of the moun¬ 

tain itself is composed of Cretaceous sandstones which display charac¬ 

teristics of very shallow water deposition. Some Cambro-Ordovician 

sediments are found in the northern and southern parts of the mountain. 

The central core appears to be granite of undetermined age. 

The area is cjuite inaccessible for normal geologic study and is 

largely unexplored. The geologic work done in the past has been of a 

very cursory nature with most of the lithic determinations being made 

by air photo studies. The University of Alabama looks forward to addi¬ 

tional work in this area as well as areas in the Pleistocene lake basins 

around Bogota where abundant vertebrate fossils have been found. 

Geology Of The Chattanooga Shale Of 
The Elkmont Quadrangle, Alabama 

JAMES C. KELLEY 

Geological Survey of Alabama 

Marine sedimentary rocks ranging in age from Middle Ordovician 

to Early Mississippian crop out in the Elkmont Quadrangle. The Chat¬ 

tanooga Shale of Late Devonian and Early Mississippian age rests un- 

conformably upon Late Ordovician limestones. The Chattanooga Shale 

and the Fort Payne Chert are thought to represent an onlap sequence, 

with the lithologic differences representing a changing depositional 

environment produced by a shallow transgressing sea. The Chattanooga 

is interpreted as the near-short facies of this sequence. Isopach maps 

indicate that the Chattanooga was deposited in a series of shallow 

northwest-trending troughs. Four units are recognized in the quadrangle 

which appear to correlate with the Maury Formation and the upper 

units of the Gassaway Member of the Chattanooga Shale in other areas. 

The distribution of the Chattanooga Shale is the controlling factor 

in both the movement of groundwater and solution activity. Where 
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present, the Chattanooga acts as an impermeable barrier between the 

Fort Pavne Chert and the Ordovician limestones, whereas an absence 

of the shale allows relatively free movement of water from the Fort 

Payne into the underlying rocks, often accompanied by sinkhole de¬ 

velopment. The regional dip of the strata is locally interrupted by minor 

anticlines and svnclines which are interpreted as having been amplified 

bv solution activity, above and below the Chattanooga Shale. 

Pliocene Vertebrate Find North Of Mobile, Alabama 

GEORGE LAMB 

University of South Alabama, Mobile 

The discovery of a Pliocene vertebrate fossil site just north of Mo¬ 

bile may help to unravel the complex late Cenozoic history of this aera. 

The Citronelle Formation has been recognized as being Plio-Pleistocene 

in age, largely on the basis of Pliocene plant fossils described by E. W. 

Berry in 1916. The sediments associated with these plant fossils are 

certainly not those normally thought of as typical Citronelle, and are 

more like those asociated with the vertebrate fossils, being gray to green 

clays with some thin layers of silt and sand. 

The vertebrate fossils found thus far include the horse Hipparion 

cf. H. plicatile (Leidy), and Synthetoceras sp . . ., a protoceratid. Both 

of these indicate a definite Hemphillian (middle Pliocene) age for these 

sediments. Associated with these fossils are some bones of a camel plus 

plates or scales from crocodilians, turtles and fish. These, along with 

the abundant plant fossils in the same beds, seem to indicate a fluvial 

or paludal environment. 

The stratigraphic positions of these beds, as well as the Pliocene 

age of the fossils, indicate that they may be a part of the Graham 

Ferry Formation. Superficially there is a great deal of similarity between 

these beds and the type Graham Ferry, even though the latter is of 

marine, or at least brackish, origin. Correlation studies are now under¬ 

way to help establish the exact relationship. 

Corals Of Gosport And Lisbon Formations 

HARRY E. NEWMAN III 

University of Alabama, University 

Ahermatypic scleractinian corals are dependent on several factors 

which control their distribution. Among these factors, depth, salinity, 

substream and water movement play a key role. Balanophyllia, Fhi- 

bellum, Discotrochus, Turbinolia and Endopachys are all typical Eocene 

solitary corals which occur in the Cosport and Lisbon Formations ot 
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Alabama. These formations have the characteristics of shallow water 

sediments and the corals which occur here are usually few in number of 

species and of individuals. This seems to be evident more so in the 

Gosport than Lisbon Formation. During Eocene time conditions were 

not favorable for either ahermatypic or hermatypic corals. This is an¬ 

other factor to consider for explaining the scarcity of these Eocene 

coral assemblages. Facies changes in the Lisbon Formation have been 

referred to as a controlling factor or deterrent for coral growth. Fla- 

bellum is the only coral that ranges stratigraphically throughout the 

Lisbon Formation. 

Environmental Geology 

PAUL MOSER 

Geological Survey of Alabama 

An expanding urban and industrial complex must be furnished 

with an ever increasing amount of sustaining raw materials if an area 

is to expand in an orderly and efficient manner. An environmental ge¬ 

ologist attempts to foresee the growth and direction of growth, and then 

research and document the availability of existing natural resources 

with emphasis on where and how they can be used to derive the 

most effective results. 

The Growth Center of Lauderdale, Colbert, and Franklin Counties 

in northwest Alabama is the first of five proposed growth areas. Prin¬ 

ciples of topography, geology, hydrology, engineering geology, mineral 

resources, and associated resources are being applied to aid in the 

efficient present and future growth of this area. 

Some Observations Regarding the Structure of 

Pennsylvanian Strata, Cahaba Coalfield, Bibb County, Alabama 

REYNOLD Q. SHOTTS 

University of Alabama, University 

During a current study of coal reserves of Bibb County, Alabama, 

the author has made observations of the structure of the strata where 

possible and has attempted to reconcile structure mapped by Butts 

and by coal company geologists and engineers. Possible explanations 

for the observations are discussed with the “thin-skinned” theory of 

thrust faulting favored for part of the features. 
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Geology Of The Athens Quadrangle, Alabama 

JOHN SONDEREGGER 

University of Alabama, University 

The Athens quadrangle is located in central Limestone County, 

Alabama. Bedrock consists of Mississippian limestones correlative with 

the Valmeyeran Series of Illinois. Mapping the contact between the 

Fort Payne Chert (Keokuk equivalent) and the Tuscumbia Limestone 

(Warsaw equivalent) presents two interesting problems. 

Past definitions of this contact have been ambiguous. There is a 

distinct difference in the fossil assemblages of Keokuk and Warsaw 

ages. The Fort Payne mainly consists of massive bedded limestone 

and chert. The upper twenty feet of the formation grades into thin 

irregularly bedded limestone and chert. The last thick chert bed is 

usually found about twenty feet below the paleontologic boundary. 

Any attempt of mapping this contact requires a consistent approach, 

either ignoring paleontology or lithology. This thin bedded zone was 

included in the Fort Payne by Butts. 

The Fort Payne and Tuscumbia are highly weathered and addi¬ 

tional difficulties occur where the contact exists in weathered material. 

Thirty feet of residuum is common, and the contact is usually found 

in this zone. Projection of the contact updip from drill data indicates 

that either the Fort Payne is thinning very rapidly, or that limestone 

in the. Fort Payne has been dissolved by ground water and the con¬ 

tact lowered by subsurface weathering. 

The author does not believe that the contact can be accurately 

mapped under these conditions. 

Forestry, Geography, and Conservation 

Waterfowl Bandings And Recoveries In Alabama 

W. WALTER BESHEARS, JR. 

Alabama Department of Conservation 

Montgomery, Alabama 

Waterfowl banding and recovery data for Alabama were furnished 

the Department of Conservation by the U. S. Bureau of Sport Fisheries 

and Wildlife, Bird Banding Laboratory, Patuxent, Maryland. Data 

were on punched and encoded IBM cards which included all records 

processed at the Laboratory through August 31, 1966. The card decks 

were separated and summarized by species, bander, date, etc., through 

the Department IBM data processing system. 
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Thirteen Master Banding Permits have been issued to trap and 

band waterfowl in Alabama. A total of 23,601 ducks, 2,799 geese, and 

348 coots were banded from 1921 through August 1966. The ducks 

banded included 10,893 mallards, 21 mallard/black hybrids, 4,885 black 

ducks, 132 gadwalls, 7 European widgeons, 2,193 American widgeons, 

2 green-winged teals, 137 blue-winged teals, 1,313 pintails, 1,104 wood 

ducks, 2 redheads, 463 canvasbacks, 2 greater scaup, 981 lesser scaup, 

1,423 ringnecks, 1 ruddy duck, 2 unknown hybrids, and 40 unidenti¬ 

fied ducks. The geese banded included 2,752 Canada geese, 37 blue 

geese, 7 lesser snow geese, and 3 Richardson’s geese. 

The Wheeler National Wildlife Refuge near Decatur, Alabama, 

banded more waterfowl, by far, than any other Master Permit. Per¬ 

sonnel on this area banded 13,034 ducks, 2,094 geese, and 12 coots. 

Personnel of the Alabama Department of Conservation banded 7,016 

ducks, 659 geese, and 12 coots. 

A report in detail with information on each species, including 

graphs showing migration routes, number of birds banded in Alabama 

and recovered in each state or province, and number of birds banded 

in each state or province and recovered in Alabama, will be published 

by the Alabama Department of Conservation and will be available 

upon request after July 1, 1968. 

Low Temperature Variations Within A Loealized Area 

H. D. HAYS 

University of Alabama, University 

To anyone reading a newspaper, listening to weather reports over 

the radio, or even talking to their neighbors, it is quite evident that 

there are at times rather large temperature variations within some rather 

restricted geographic areas. In many cases it is rather easy to explain 

these differences as being due to the movement of a cold front, air 

drainage caused by topographic differences, nearness to a water body, 

elevation, or one or more of several other causes. The idea for a study 

of temperature differences within a restricted area came about because 

of the above noted differences plus frost damage to plants in the author’s 

yard, and because in driving to work during the winter, frost was evi¬ 

dent in some spots and there was an absence of frost in other areas, 

and for no explainable reasons. These various observations led to the idea 

of conducting some experiments with thermometers and hygrothermo- 

graphs, to record temperature and humidity within some relatively re¬ 

stricted geographic areas. 

These observations and experiments have been carried out since 
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the summer of 1966, in both northern Michigan and the Tuscaloosa, 

Alabama area, and are still being carried on. In this paper the author 

is simply stating the results obtained up to the present time. The in¬ 

struments used included several sets of calibrated maximum-minimum 

thermometers, plus a hygrothermograph. The thermometers were set 

up in very small shelters on a pole in complete shade. One thermome¬ 

ter was located twelve inches above ground level and the other 

thermometer was at the fortv-eight inch level. These various sets of 

instruments were all located within a radius of three hundred feet in 

the Michigan part of the study. The difference in elevation was only 

ten feet, and the distance from a large inland lake ranged up to about 

two hundred and fifty feet. At the Michigan location the minimum 

temperatures at night varied from five to eleven degrees fahrenheit 

over fifty percent of the recording days. But the maximum tempera¬ 

tures were always within one or two degrees. Differences in soil 

moisture and temperature at the different locations were negligible. 

Some Observations On Wintering Blackbird Populations 

In Alabama 

JAMES E. KEELER 

Alabama Department of Conservation 

Montgomery, Alabama 

A study of wintering blackbird populations was conducted in Ala¬ 

bama from 1963 to 1968. During the five-year period, an estimated 

forty to fiftv million blackbirds were present in Alabama each winter 

from about December 15 through March 1. Four species were studied 

and these consisted of the Common Grackle, Red Winged Blackbird, 

Brown-headed Cowbird and the Starling. 

Roost sizes varied from a high of eight million birds within the city 

limits of Montgomery to small roosts containing a few hundred birds 

scattered throughout the state. In many instances, roosts were located 

near human habitation and were not uncommon in the larger cities. 

Some blackbirds were known to move as much as 48 miles during 

the day from their roosting sites. Over fifty percent of the food examin¬ 

ed from the crops of blackbirds collected during the winter months 

consisted of grain. This shows a direct competition with game birds, 

especially mourning doves. It was interesting to note that Red Winged 

Blackbirds were capable of opening the ends of cockleburs and ex¬ 

tracting the seeds. 
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Harvesting And Regeneration of Alabama Woodlands 

ROY MORGAN 
Union-Camp, Chapman, Alabama 

For thirty years W. T. Smith Lumber Company at Chapman, Ala¬ 

bama, accumulated and managed a forest of more than two hundred 

thousand acres for sawtimber to supply a lumber manufacturing enter¬ 

prise. To assure that their trees would have ring counts that meet 

Southern Pine Inspection Bureau density rule, they attempted to devel¬ 

op a many level forest, having several age classes in each stand. A 

rotation of seventy years depended on natural regeneration. After de¬ 

veloping this forest to a point estimated to be sixty percent of balanced, 

W. T. Smith Lumber Company sold it completely to Union Camp 

Corporation, of Savannah, Georgia. Union Camp promptly reorganized 

the forest to liquidate the old growth timber and regenerate it in large 

area stands of even-age on a shorter rotation. Basic differences are in 

the long rotation of W. T. Smith Lumber Company and the almost 

complete dependence on natural regeneration, contrasted with the 

much shorter rotation and completely artificial regeneration practiced 

bv Union Camp. 

Yellow-Poplar Regeneration Following A Seed Tree Cutting 
In An Upland Bottom 

SHERMAN D. WHIPPLE 
Forestry Department 

Auburn University, Auburn, Alabama 

Natural regeneration of yellow-poplar is aided by seedbed scari¬ 

fication. Bulldozing the seedbed by scraping the soil surface was 

more beneficial to the establishment of yellow-poplar than seedbed 

preparation by double disking. Establishment was greatly improved by 

either method of seedbed preparation over that on areas where the 

seedbeds were left untouched following a seed tree cutting. 

Desirable stocking was not attained on any of the treatment areas. 

Weather conditions appeared to be the critical factor when related to 

the degree of initial germination and survival for the first year follow¬ 

ing treatment. An extended drought during the early germination per¬ 

iod and a second one, the same year, during the latter portion of the 

normal growing period reduced germination and caused extensive mor¬ 

tality to those that did germinate. High temperatures at the soil surface 

and desiccation of the newly germinated seedlings appeared to have 

the major influence on the poor establishment of yellow-poplar. The 

effect of seedbed preparation was reduced by the second year after 
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treatment because of ingrowth of competing vegetation. By the fourth 

year, very little difference could be recognized between the scarified 

plots and the check. 

North Alabama House Types 

EUGENE M. WILSON 

Department of Geology and Geography 

University of Alabama, University 

In American geography there have been few studies of house type 

distributions although we can recognize the importance of house types 

as indicators of former economy and know that styles can be used for 

dating buildings. In Alabama there are several distinct folk house types, 

that is, tvpes which evolved during the earlier settlement of the Ameri¬ 

can frontier. In the northern part of the state covered in this study these 

house types have distinct patterns of distribution which are related to 

the economy and economic change and which repeat some population 

patterns shown in the United States census maps of the nineteenth 

century. Observations of the distribution of rural folk houses can thus 

provide important field data, especially for historical geography. 

Physics and Mathematics 

Pulse Shape Discrimination For Particle Identification 

HAROLD W. ALLEN 

Department of Physics 

Auburn University, Auburn, Alabama 

A system of electronics is discussed which can discriminate be¬ 

tween the pulse shapes from events initiated by neutrons and gamma 

rays in organic scintillators. The organic scintillators NE-213, NE-218, 

anthracene and stilbene were found to have discrimination quality fac¬ 

tors 1.8, 1.44, 1.55 and 2.8, respectively, when irradiated with neutrons 

from an AM241-Be source. Discrimination quality factors of NE-102, 

anthracene and stilbene were found to be .61, 1.54 and 2.17, respectively, 

when irradiated with a Po210 alpha source and a Cs137 gamma source. 

Applications of this system for determining neutron flux, rejection of 

photomultiplier noise and inspection for pile-up in linear amplifiers are 

discussed. 



216 Journal of the Alabama Academy of Science 

Laser Transmission Studies Through A Flowing Plasma 

T. A. BARR, JR. and CHARLES CASON 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Laser communications has been proposed as one way to solve the 

“radio blackout” problem during the re-entry of a manned vehicle. The 

AMICOM 8,000 kW Plasma Facility (PF) was used in a set of experi¬ 

ments to simulate the conditions expected during the re-entry of a 

high speed vehicle. The high temperature gradients and variations in 

the flow field were thought to be potential sources of local index of 

refraction fluctuations. These fluctuations may generate scintillation ef¬ 

fects in the laser beam which would reduce the effectiveness of this 

type of communications. 

The mcxlel used to generate the required local flow field for the 

PF experiments was a flat disk, normal to the flow field. The disk di¬ 

ameter, 0.09 m, was determined by the PF flow field blockage parame¬ 

ter; this also established the characteristic Reynolds number length 

(l— 0.1 m) for the experiments. The disk is followed by a smaller di¬ 

ameter cylindrical afterbody approximately 20 cm long containing in¬ 

strumentation. The cylinder has also a pair of windows situated so that 

a laser beam can pass through the flow field immediately behind the 

disk. An amplitude modulated He-Ne laser was used as a signal source 

with a photomultiplier tube as a detector. Model stagnation pressure 

and transmitted laser signals were recorded on an analog tape recorder. 

A spectrum analyzer and a phase shift meter were used in the data an¬ 

alysis. 

Laser Raman Studies Of Crystals 

ROBERT P. BAUMAN 

Department of Physics 

Llniversitv of Alabama, Birmingham 

Introduction of the continuous gas laser into Raman spectroscopy 

has provided an important new tool that has led to new types of experi¬ 

ments and new understanding of the lattice modes of crystals. In par¬ 

ticular, the ability to achieve high radiation density, by focusing the 

laser beam within the sample, and the very high degree of polarization 

of the laser beam, have permitted work with small single crystals in 

which elements of the polarizability tensor can be examined separately 

to determine the symmetry of the scattering phonon. Examples of crys¬ 

tals recently studied include rare earth fluorides, barium titanate, and 

yttrium aluminum garnet. 
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Use Of An Electron Beam Probe In Arc-Jet Plasma Flow 

CHARLES CASON and T. A. BARR, JR. 

U. S. Anny Missile Command 

Redstone Arsenal, Alabama 

An electron beam probe (EBP) has been installed in the AMICOM 

8,000 kW Plasma Facility. Difficulty in applying the EBP to measure¬ 

ments of gas density, etc., was found to be due to the weak plasma arc 

generated magnetic fields producing positional displacements of the 

beam. These problems were solved by means of a closed-loop electronic 

controller. Response time of the controller is down 3 db at 130 Hz which 

was found to be sufficiently fast for adequate control. Attempts to mea¬ 

sure gas velocity by measuring drift rates of beam generated plasma 

cylinders at fixed rates uncovered other problems. Estimates of gas 

velocity by this method gave 3700 ± 400 m/sec as compared to a ma¬ 

chine computed value of 3800 m/sec for air of h/RT„ = 150. 

Charged Particle Spectrum From Nuclear Absorption 

Of Negative Pions 

SANTIAGO GANGOTENA 

Physics Department 

Auburn University, Auburn, Alabama 

A study of 7r meson absorption in G-5 emotions was performed. 

The energy spectrum of the emitted particles was obtained from range 

measurements and a power law relation between range and energy. 

Results agree with an evaporation spectrum with a temperature of —- 3 

MeV for energies less than 30 MeV. The high energy tail of the spec¬ 

trum could be explained as tt meson interactions with the nucleons. 

Calculations Of Theoretical Parameters From 
Ultrasonic Paramagnetic Resonance Data 

WILLIAM KIMBER, HARRY C. MEYER, and PERRY F. McDONALD 

Department of Physics and Mathematics 

Alabama A and M College, Normal, Alabama and 

U. S. Army Missile Command, Redstone Arsenal 

The pulse-echo technique of ultrasonic paramagnetic resonance was 

used at frequencies in the neighborhoods of 1.5 and 9 GHz to study the 

frequency dependence (McDonald, P. F., Meyer, H. C., and Donoho, 

P. L. 1968. Bull. Am. Pliys. Soc. 13:245, and McDonald, P. F., Meyer, 

H. C., and Donoho, P. L., (to be published) Solid State Commun) of 

the UPR attenuation in CaF2:U4 + . We will give some details of the cal¬ 

culations for comparison of the measured and integrated absorption. 
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The paramagnetic absorption of longitudinal acoustic waves was mea¬ 

sured at 4.2°K and 1.2°K. At all frequencies the lines are asymmetric, 

rising slowly on the low field side. These measured line shapes give 

paramagnetic absorption as a function of magnetic field, but we need 

this absorption as a function of frequency to compare with the theo¬ 

retical frequency dependence. We transformed field H to frequency 

with the following equation: 

v = v [2 - (H/H )!] 
O O 

Here v is the phonon frequency and H is the field at the high field 

side of the line. This transformation is based on the phenomenologi¬ 

cal Hamiltonian of Baker and Bleaney (Proc. Roy. Soc. A245:156. 

1958) for equivalent spin Vi ions. The line was integrated over fre¬ 

quency to obtain the integrated absorption. The line shapes were 

punched on IBM cards and this transformation and this integration 

were carried out on a computer. 

The 1.5 and 9 GHz data show that for a wide range of frequency, 

the integrated UPR attenuation is proportional to the frequency squared 

as predicted. 

Proton Interactions Near 100 Gev 

WILLIAM H. LAMB, JR. 

Physics Department 

Auburn University, Auburn, Alabama 

Five nuclear interactions of mean primary energy Ep — 800 GeV 

found in an Ilford G-5 emulsion stack flown for llVi h at an altitude 

of 125,000 ft. have been analyzed to identify the particles emitted 

in the backward c.m. cone. The interactions have been selected by a 

special method of scanning designed to eliminate bias toward high 

multiplicity events. Of the 13 charged secondaries, 8 were attributed to 

pions, 2 to kaons, 3 to protons, and 0 to hyperons. The average kinetic 

energy of the secondaries in the c.m. system is 3.0 GeV, the average 

inelasticity is 0.36, and the average transverse momentum is 0.048 

GeV/c. The latter quantity is observed to decrease in the extreme emis¬ 

sion angles. The results are compared to a field theoretic model pro¬ 

posed by Krisch. 
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Mass Identification At Low Energies In Ilford 6-5 Emulsions 

DUANE LARSON 

Physics Department 

Auburn University, Auburn, Alabama 

Measurements of the maximum deviation from a straight line of the 

last 130 microns of 1800 tracks produced by cosmic rays and 500 pro¬ 

duced by negative pions have been carried out. The most probable value 

for the negative pions is shown to be in good agreement with that theo¬ 

retically predicted. The possibilities of applying this method to mass 

determination along with its advantages and disadvantages are discussed. 

Magnetoelastic Coupling Of Tetravalent Uranium 
Ions To CaFa Lattice 

perry f. McDonald 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The spin-lattice coupling of tetravalent uranium ions in CaF2 single 

crystals has been studied using the techniques of ultrasonic paramag¬ 

netic resonance (UPR). The Hamiltonian which describes the spin 

phonon interaction for these U4+ ions is 

H = ' | d S S . 
SL ii i i 

i, j=i 

Si (i = 1.3) are the components of the spin V2 operator and the d;j are 

linear in strain given by 

d = I G e . 
ij ijkf kf 

k, 1= 1 

Gljki is the magnetoelastic coupling tensor and ekl is the strain. Gijki has 

36 elements but symmetry and other considerations reduce the number 

of independent elements to six in the case of these U4 + sites. Three of 

these occur in the transition probability for the UPR absorption of ultra¬ 

sonic phonons. Resonant paramagnetic attenuation of ultrasonic pulses by 

the U4+ ions in CaF2 has been measured at 8.9 GHz and 4.2°K. The 

integrated attenuations have been used to obtain the value of the ratio, 

(G —G )/G = — 15 ± 4 and the difference |G — G 
1111 1122 1123 1111 1122 

85 ± 40 cm-1/unit strain. The large uncertainty of the latter is due to the 

lack of accurate knowledge of the concentration of U4+ in the sample. 
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Experiment To Determine The Wolfenstein D Depolarization 

Parameter For Deuterium 

THOMAS G. MILLER, DONALD L. SMITH, and ROBERT G. POLK 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The depolarization parameter for deuterium will be determined by 

scattering polarized neutrons from deuterium. By knowing the polariza¬ 

tion before scattering and measuring the polarization after scattering the 

depolarization parameter can be inferred. If the incident polarization 

is P, and the polarization analyzing powers for the successive scatter¬ 

ings are P2 and P3, then if the three scatterings are coplanar, the asym¬ 

metry e measured in the final scattering is equal to 

P3 (Pa + DP,) 

1 + P, P, 

The experiment will be performed as follows: An intense flux of par¬ 

tially polarized neutrons produced in the C1J (d,n)N13 reaction will be 

allowed to scatter from deuterated benzene. Neutrons scattered through 

an angle 07 will pass through a collimator and a spin-precession sole¬ 

noid to the analyzing scatter which will be liquid helium. Neutrons 

which are scattered to the right or left through an angle 03 will be 

detected in NE-213 organic scintillators. By use of spin-precession 

techniques, measurement of the final asymmetry can be made without 

movement of the apparatus. To reduce background, pulse shape dis¬ 

crimination techniques will be used in both the deuterated benzene 

and the two NE'213 counters. 

Decay Of 89Zr And 89mZr 

E. L. ROBINSON, R. C. HAGENAUER, and E. EIGHLER 

Physics Department and Radiation Biology Laboratory 

University of Alabama, Birmingham, and 

Oak Ridge National Laboratories, Oak Ridge, Tennessee 

The decay of the 78-hour 80Zr produced by the reactions ouZr (n, 2n) 

s9Zr and 8"Y (p, n) 8"Zr and the decay of the 4-minute 89n’Zr decay 

product of 80Nb produced by the reaction ”nZr (p, 2n) S9Nb have been 

studied with large volume Li (Ge) detectors. In addition to the well- 

known. transition of 908 ± 3 keV, 1621 ± 9 keV and 1705 ± 4 keV, two 

new transitions, were observed in the decay of 80Zr. The energies and 

relative intensities of the °Zr gamma rays observed in this experiment 

are: 
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909.03 ± 0.50 keV (100), 1620.92 ± 0.60 keV (0.071 ± 0.007), 

1657.34 ± 0.60 keV (0.10 ± 0.001), 1712.78 ± 0.60 keV (0.77 ± 0.07), 

and 1744.35 ± 0.60 keV (0.13 ± 0.01). 

No new gamma rays were observed in the decay of 89mZr. The 

measured energies of the 89mZr transitions are 587.87 ± 0.10 keV and 

1507.36 ± 0.2 keV. 

Work is continuing to obtain more precise values for the 89Zr 

gamma ravs and to determine a lower limit for the intensity of the ex¬ 

pected 2.86 MeV gamma transition in the decay of 89mZr. 

Neutron Polarization Measurements From 

The Study Of Scatterer Recoil Asymmetries 

DONALD L. SMITH and ROBERT G. POLK 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

An experiment which was recently performed at the Redstone 

Arsenal 2 mv Van de Graaff accelerator laboratory to measure the 

analyzing power of deuterium for polarized neutrons from the 

C15 (d, n)N13 reaction is used as the basis for a more general pictorial 

description of nucleon polarization studies in nuclear physics research. 

The relationship between the spin-dependence of nuclear forces and 

the resulting polarization phenomena is described semiclassicallv. 

It is shown how a spin-orbit interaction leads to scattering asym¬ 

metries which, however, can onlv be observed after a second scattering 

if the initial beam is unpolarized. The experimental details of the deir 

terium analyzing power experiment are then discussed. Included are 

such topics as shielding, background reduction by means of gamma- 

neutron pulse-shape discrimination, identification of recoil pulses, and 

a comparison of two alternative methods for recording the data. In 

conclusion, the reduction of the data is described briefly and the types 

of instrumental asymmetries which can affect the data are mentioned. 

A Variational Method For Calculating Energy Eigenstates 

Of Non-Rigid Diatomic Vibrotors 

JOHN D. STETTLER and ROMAS A. SHATAS 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Calculation of energy levels of anharmonic vibrating-rotating mole¬ 

cules with stretchable bonds has recentlv acquired a renewed interest 

because of applications in vibronic gas lasers such as the Uo-Nj-CO. 
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system. Usually, such calculations are performed within the framework 

of quantum-mechanical perturbation theories. Already in the case of the 

diatomic molecule, they are long and tedious (Kilpatrick, J. E. i959. 

Term series for a rotating-vibrating diatomic molecule by perturbation. 

J. Chem. Phys. 30:801-805); for polyatomic molecules they are just 

prohibitive. As a demonstration of an alternate to the perturbation 

theoretic techniques (Shatas, R. A. 1968. A perturbation theoretic cal¬ 

culation of eigenfunctions and energy eigenstates of the symmetric linear 

diatomic anharmonic non-rigid rotator-vibrator. Trans. 13th Conference 

Army Mathematicians, ARO-D Report 68-1), we apply our proposed 

short-hand approach employing variational techniques to the diatomic- 

vibrating stretchable rotor with the third order anharmonicity included. 

Conventional perturbation theory gives E(o) and \v> as energy eigen¬ 

values and eigenfunctions, respectively, of the effective vibrational 

Hamiltoninan, Hvib .Adding the rotational kinetic energy Y (q), we now 

make the ansatz that a close approximation to the energy level of 

H (q) = Hvib (q) + Y (q) corresponding to E (v) is given by 

<v H(q + p) | v >, where p is determined by the condition 

<v a/aq II(q+p) u> = 0. We show that this is equivalent to requiring 

d / dP ff(q + p v> - 0. Further, it is proven that the former 

condition is related to Ehrenfest’s theorem, whereas the latter is related 

to the Hellmann-Feynman theorem. Finally, we show that the results 

obtained using our ansatz are in agreement with detailed perturbation- 

theoretic calculations to the first order in the third anharmonic term 

and low-order in the rotational term. 

Eddy Flux Of Sensible Heat At Different Levels In The Stratosphere 

DORATHY ANNE STEWART 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Covariances of temperature and meridional wind component at 18 

stations in the Northern Hemisphere were computed at 2-km intervals 

from the surface to 28 km. These covariances are proportional to the 

northward flux of sensible heat resulting from transient eddies. Cross 

sections of covariance of temperature and meridional wind component 

during January and July were constructed for 80 degrees west longitude. 

At this longitude during January a minimum of eddy heat flux occurred 

near an altitude of 20 km, and in the higher latitudes a sharp increase 

began somewhere between 18 km and 22 km. Eddy heat fluxes were 

generally quite small in the part of the stratosphere below 20 km. A 

similar pattern was found at the French station of Chateauroux. The 



Abstracts 223 

layer which separates the regions of small and large eddy heat fluxes 

appears to coincide with the null layer described by Faust. However, 

this sharp divding line between a lower stratosphere with small eddy 

heat fluxes and an upper stratosphere with large eddy heat fluxes does 

not appear at all longitudes. Over Alaska one finds maximum eddy 

heat fluxes between 20 km and 22 km, and values in the lower strato¬ 

sphere are much larger than those near 80W. 

Uniaxial Stress Splitting Of Zero-Phonon Lines In 
Additively-Colored CaF2 

G. A. TANTON, R. A. SHATAS, J. E. WILLIAMS, and AMBUJ MUKERJI 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

StocKDarger-grown CaF2 additively colored in Ca metal vapor ex¬ 

hibits below l N2 temperatures zero-phonon lines at 834.5, 735, 678, 

599.6, 554.2 and 525.4 nm. These lines are completely quenched at room 

temperature. However, no lines have been observed in Bridgman grown 

crystals after identical treatment. Piezospectroscopic studies of 525 and 

678 nm lines show that they are not split by uniaxial stress perpen¬ 

dicular to <111>. The 678 nm line (0.2 nm FWHM width at l He) is 

split by stress j_ to [100] and [110] directions. In the latter case, the 

shift-stress relation is linear with a slope of 4*104 nm/bar and — 10~3 

nm/bar for light polarized j_ and [| to stress, respectively. The rela¬ 

tively small stress required for splitting indicates that the 678 nm line is 

a zero-phonon electronic transition of a not yet identified defect center. 

Splittings along other crystallographic directions are under investigation. 

The “Direct” Method Of Calculation Of N. M. R. Spectra: 
Extension To Three-Spin Systems 

MARTHA C. THORPE 

Southern Research Institute and Samford University 

Birmingham, Alabama 

The “direct” method of calculation of n.m.r. spectra was described 

by Banwell and Primas (Molecular Physics, 6:225. 19 63) and applied 

to the calculation of theoretical spectra for two-spin systems. 

Extension of their method has been made to two three-spin systems, 

and the calculations and resulting theoretical spectra compared with 

those obtained bv other methods. 
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Spin Relaxation Of Fe(2+) In MgO 

EDWARD L. WILKINSON 
U. S. Army Missile Command 

Redstone Arsenal, Alabama 

In order to explain the disappearance of the quadrupole splitting 

in the Mossbauer spectra above 14°K, Ham (Phys. Rev. 160:328. 1967) 

has proposed motional narrowing (Abragam, A. 1961. The Principles of 

Nuclear Magnetism. Oxford Univ. Press) due to an electronic energy 

level. The energy of this level (A = 95 cm'1) was not in agreement with 

the value predicted by crystal field theory. By pulse saturation of the 

AM = 1 transition in the electron spin resonance spectra (Low, W. and 

Weger, M. 1960. Phys. Rev. 118:1130) we have measured the spin- 

lattice relaxation time (T,) of Fe(2+) in MgO from 1.2 to 14°K. The 

-A/T 
data are well described by 1/T, — AT + Be where T is the tem¬ 

perature, A = 2.5 x KF sec-1, B = 6.5 x 10‘° sec A = 100 ± 10 cm1. 

The first term represents the one phonon or direct process. The second 

term is a two phonon process (Orbach, R. 1961. Proc. Roy. Soc. A264, 

458) in which relaxation takes place via a low lying excited state and 

A represents the energy of this state. 

Single-Mode Operation Of GaAs Lasers 

HORST R. WITTMANN 
U. S. Army Missile Command 

Redstone Arsenal, Alabama 

Just above the lasing threshold, a semiconducting p-n junction op¬ 

erates in a single mode and emits coherent radiation of spectral width 

determined by the Q-faetor of the associated Fabry-Perot cavity. Sev¬ 

eral GaAs diodes have been fabricated from Zn-doped GaAs single¬ 

crystal substance onto which an n-layer of Te-doped material has been 

grown by liquid epitaxy. After cutting the prepared crystal into 

individual diodes, the junctions were subsequently interdiffused by 

subjecting a batch of diodes to a heat treatment of varied duration 

(Junctions prepared by Dr. Bernd Ross of Bell & Howell Research Cen¬ 

ter, Pasadena, California). Single-mode lasing properties of these diodes 

have been determined at various temperatures, injection currents and 

inter-diffusion times. Above 100°K, the temperature induced spectral 

shift follows the dilation of the lattice which in turn determines the 

width of the gap. Below 100°K, the energy of the stimulated recombi¬ 

nation radiation increases with decreasing temperature more rapidly 

than explainable by the lattice contraction alone. This is attributed to 
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the widening of the gap between the quasi-Fermi levels of conduction 

and valence bands since carriers releasable by the thermal ionization 

of impurities are being frozen out (Wittmann, H. R. 1967. Shape de¬ 

pendence of the conduction band tail upon donor concentration in 

GaAs. Report RR-TR-67-9, U. S. Army Missile Command). However, 

the spectral peak of diodes processed under a short interdiffusion time 

shows little variation with temperature or injection current intensity. 

This is explainable by the assumption that electrons tunnel through 

the junction. To the contrary, the low-temperature properties of diodes 

which have been subjected to a long interdiffusion treatment, are 

governed predominantly by the thermal carrier freeze-out. 

Investigation Of 108Ag And ,10Ag 

JACK D. WOODARD 

Physics Department 

Auburn University, Auburn, Alabama 

A lithium-drifted germanium, gamma-ray spectrometer is used to 

study the decay of 108Ag and U0Ag. The decay of 108Ag and 110Ag is 

found to be followed by four gamma ray transitions with energies 

434.3 ± 0.4, 618.8 ± 0.5, 632.9 ± 0.4, and 657.6 ± 0.4 keV. The relative 

cross section for production of 108Ag to U0Ag by neutrons from a one 

gram 226Ra9Be source is determined to be 2.62 ± 0.21. 

Interactions Due To High Z Particles In The Primary Cosmic Rays 

PHILIP JOHN YOUNG 

Physics Department 

Auburn University, Auburn, Alabama 

A study was made of the nature of 17 interactions in nuclear emul¬ 

sions of high Z particles in the primary cosmic ray flux. The charges 

of the primary particles were determined by means of their delta-rav 

densities. The masses and energies of the secondary particles were de¬ 

termined by means of their grain densities and multiple Coulomb 

scattering. Among the secondary particles, 8 protons, 18 pions, 2 kaons, 

3 deuterons, and 6 alphas were identified. 
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Industry and Economics 

A Fertility Decision Model For A Southern Region 

MARY FISH and ARTHUR A. THOMPSON 

University of Alabama, University 

This paper outlined the framework of a fertility model for antici¬ 

pating population changes in a Southern Region. Beginning with the 

individual state of each fecund woman in a given year, the model con¬ 

siders the impact of three factors on her decision making process with 

respect to fertility in the following year. The model uses a four-state 

Markov chain, with transitional probabilities based upon the decision 

process of each woman aged 14-45 as it is affected by the annual rate 

of change in real per capita income, in level of education, and in rural- 

urban employment. From the Markov chain, the number of live births 

that can be expected in a future time period, given the size of the female 

population of childbearing age and the impact of economic development 

in the South, can be estimated. Thus, the model attempts to develop a 

theory of fertility that conceptually interrelates significant socio¬ 

economic factors, individual behavior, and the process of economic de¬ 

velopment, thereby providing a tool for predicting future births. This 

model was developed under the Alabama-ARC Investment Plan Project 

under the direction of Dr. J. F. Vallery. 

Karl Marx And Modern Economics: A Re-Evaluation Of Marxian 

Growth Theories In The Light Of Present Day 

Concepts Of Economic Growth 

WALTER J. KLAGES 
University of Alabama, University 

This paper is primarily concerned with a re-evaluation of Marx’s 

classical two-sector model of Economic Growth. After analyzing both 

the stationary and the expansionary models, it is attempted to show 

that the expansionary growth model relies on a conceptual formulation 

of economic growth that is similar to the general neo-classical Harrod- 

Domar type growth model. This was achieved by translating Harrod’s 

Rate of Investment 
warranted growth rate G„ =- . jn Marx- 

Incremental Capital-Output ratio 

ian terminology. Having eliminated the conceptual discrepancies, both 

models show identical formulations for the rate of growth. Both models 

furthermore are found to utilize linear, homogeneous production func- 
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tions to the first degree. The conclusion of the author is, therefore, 

that Marx’s two sector model of complex economic reproduction ob¬ 

viously not only anticipated the neo-classical model of econmic growth, 

but in many spheres went significantly beyond the scope of those 

models adding a contribution to economics which has thus far been 

sometimes discussed, yet to my knowledge never formalized or attrib¬ 

uted the credits that it rightfully deserves. 

The Interstate Highway System: A Case Study Of The Impact Of 

A Major Public Investment On Selected Alabama Counties 

JOSEPH BARRY MASON 

University of Alabama, University 

The widespread economic and social effects of highway invest¬ 

ments are everywhere apparent. The fact that any major investment 

which affects spatial relationships results in benefits and costs to the 

total society is undeniable. The problem remains to determine the ef¬ 

fects of highway investment on the users of a highway as well as trac¬ 

ing the chain of investment effects on land use, accessibility, business 

and service facilities, land values, social institutions and services, and 

vehicular benefits. 

Findings of this study were based on an intensive empirical analy¬ 

sis of land use, economic development, and interchange analysis in two 

corridors which extend from the north and south boundaries of Jefferson 

County to Cullman and Clanton, Alabama, respectively along the exist¬ 

ing alignments of U. S. 31 and Interstate Highway 65. This analysis was 

designed to yield measures of net impacts following the construction of 

1-65 in these areas—six years in the north corridor and three years in 

the south corridor. 

Representative findings were 

1. Developments along 1-65 from Cullman to Jefferson County 

line were limited. Total commercial construction at interchanges approx¬ 

imated 68,000 square feet; almost 50,000 square feet of this was devoted 

to two motels. 

2. Closings along bypassed U. S. 31 in the north corridor included 

15 firms representing an investment loss of 18,000 square feet. 

3. Total commercial near interchange development from Clanton to 

the south Jefferson County line in the south corridor totaled 150,000 

square feet. 

4. Closures along the parallel portion of U. S. 31 included 48 es¬ 

tablishments with investment loss of 44,000 square feet. 
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5. Nine new manufacturing firms constructed in the north corridor 

in the 1963-1967 period of study. 

6. Fifteen new manufacturing firms constructed in the south corri¬ 

dor in the 1963-1967 period of study. 

7. Business closures along U. S. 31 were significant in terms of 

numbers; but new and transferred capacity (especially near inter¬ 

changes) more than offset capacity losses, and complemented and sup¬ 

plemented the remaining businesses and services. 

Teaching Economics By Television 

THOMAS D. MOORE 
University of Alabama, University 

The Alabama Course of Study provides that Economics be taught 

in the second semester of grade 12. A recent study revealed need for 

means of supplementing and strengthening classroom instruction in 

economics. After careful consideration of various alternatives the de¬ 

cision was made to video-tape 17 programs of thirty minutes duration 

each. The Educational Television Network will show each program 

twice weekly during school hours for 17 weeks in the Fall and Spring 

Semesters. A study guide will be provided to teachers on request. 

Content of the 17 programs was developed from a detailed study 

of the two economics textbooks which are adopted in over 60 percent 

of the schools. Each program gives a fairly detailed explanation and 

analysis of one of the major topics covered by the textbooks. Topics 

chosen were those which a high school graduate should be exposed to, 

regardless of his plans after graduation. 

In considering the most effective way of presenting the programs, 

a host-guest arrangement was utilized when possible. Fourteen of the 

17 programs follow this format. Guests consisted of six economics 

professors, one labor leader, and one business leader. They were asked 

to elaborate on questions agreed upon prior to the program. Several ad¬ 

vantages were realized from the host-guest program format: the variety 

of guests enhances student interest and attention; guests were able to 

prepare for the program while performing their normal duties, thus, 

the problem of released time was overcome; and a large number of 

guests allows flexible scheduling of video-taping sessions. Cancella¬ 

tions and rescheduling were frequent during the recording period, yet 

the 17 sessions were completed on schedule. A great advantage of the 

host-guest program format was the exposure of several faculty mem¬ 

bers to television for the first time. No major problems were encoun¬ 

tered during the video-taping of the series. Stage fright was not appar- 
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ent on any occasion. The anticipated problem of no audience was over¬ 

come by the presence of the congenial and attentive floor crew. 

An Analysis Of The Effectiveness Of Advertising And 

Promotion On New Product Demand 

CHARLES E. STRAIN and BILL R. MILLER 

Auburn University, Auburn, Alabama 

Twelve weeks data from a three by eight factorial experimental 

design containing three store sizes and eight methods of advertising and 

promotion were used to determine the effect of the methods of advertis¬ 

ing and promotion on the demand for a new product. The three store 

sizes (small, medium, and large) were used as a criteria for dividing the 

twenty-four test stores into eight groups of three stores each, each 

group containing a small, a medium, and a large store. These eight 

groups were then subjected to the eight methods of advertising and 

promotion. The eight methods were: newspaper only (control); news¬ 

paper, and posters & recipes; newspaper, and five cents-off coupon; 

newspaper, and twenty Q-Yellow stamps coupon; newspaper, poster & 

recipes, and five cents-off coupon; newspaper, poster & recipes, and 

twenty Q-Yellow stamps coupon; newspaper, five cents-off coupon, and 

Twenty Q-Yellow stamps coupon; newspaper, poster & recipes, five 

cents-off coupon, and twenty Q-Yellow stamps coupon. 

The experimental design made possible the controlled observation 

of sales by store size and method of advertising and promotion. This 

made possible the use of orthogonal or independent comparisons to 

determine the effects of each type of advertising or promotion on de¬ 

mand. In analyzing these comparisons the main effects were determined 

to be the most representative. The sums of squares of the main effects 

for (2) posters & recipes, (3) five-cents-off coupon, (4) twenty Q- 

yellow stamps coupon, and (8) posters & recipes, five-cents-off coupon 

& twenty Q-yellow stamps coupon were found to be significant at the 

.01 level by the F test. 

Saving: Implications For Prosperity 

VERNON L. WELLS and E. D. CHASTAIN, JR. 

Auburn University, Auburn, Alabama 

The present period of economic prosperity and inflation fostered 

by defense expenditures and American involvement in Vietnam makes 

a re-evaluation of the depression concepts of the role of saving appro¬ 

priate. Because present conditons cause a breakdown in the exercise 
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of countervailing power among labor unions, industry and retailers, and 

make the exercise of fiscal policy by government difficult, the appli¬ 

cability of the “paradox of thrift” may be limited for today’s economy. 

Thus an increase in saving brought about by the exercise of self- 

restraint on the part of the consumer may produce beneficial effects 

by reducing excessive demand and lessening inflationary pressures. 

This may be accomplished without resort to price controls or other 

methods not consistent with substantial economic freedom. If the limita¬ 

tions of the paradox of thrift and other depression concepts of saving 

are admitted, a new area is opened for contemporary economic inquiry. 

Prosperity may restore respectability to saving in macroeconomic 

analysis. 

Economic Effect Of Milk Dating On Level Of Returned 
Products In Jefferson County, Alabama 

LOWELL E. WILSON 

Auburn University, Auburn, Alabama 

In some markets local health ordinances require dating fresh milk 

products. Jefferson County, Alabama, has a milk dating ordinance that 

requires each container of fresh milk show the last day of the week 

the product can be legally sold. In Jefferson County the legal time 

period for sale of milk products is approximately three days from time 

of pasteurization. Research studies have concluded that the level of 

returned or out-of-date products is higher in markets with dating or¬ 

dinances than in markets without. 

Volume of milk deliveries and returns was obtained for a two-week 

period in April 1966 for 92 wholesale routes operated in Jefferson 

County, Alabama. Comparable data were obtained for the Montgomery, 

Alabama, market where dating was not required. Level of returns 

on wholesale routes in Jefferson County averaged 8 per cent of deliv¬ 

eries, whereas returns in the Montgomery market were 3.4 per cent. 

Results of a USDA study conducted in 1957 revealed that returns on 

wholesale routes in markets not requiring dating were 2.2 per cent of 

deliveries. On an annual basis estimated cost of returned milk products 

on wholesale routes in Jefferson County amounted to approximately 

$640,000. If the level of returned products could be reduced to that in 

Montgomery, savings to Jefferson County distributors would amount 

to $367,000. If returns were further reduced to the level reported in the 

USDA study, annual saving would be approximately $435,000. 
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Science Education 

A Variation On Freshman Physics Laboratories 

ROBERT P. BAUMAN 

Department of Physics 

University of Alabama, Birmingham 

A new laboratory course has been designed which is intermediate 

in concept between the customary pre-determined laboratory and the 

free laboratory. Students are free to select experiments from pre¬ 

determined lists relevant to the current lecture material. Each experi¬ 

ment, or group of two or three closely related experiments, spans a three- 

week period, including two periods for the measurements and the third 

period for oral reporting of the subject and the results to the entire 

class. By allowing students to select problems at a level of difficulty 

and of a type that will interest them, by permitting a sufficient time 

span to allow for contemplation of the problems and correction of dif¬ 

ficulties, and by making possible a far greater variety of experiments 

and more expensive pieces of equipment, which need not be bought in 

fives or tens, the course has succeeded in maintaining student and staff 

interest at a substantially higher level than previously achieved. 

New Curricula For Physics Majors and 
High School Physics Teachers 

ROBERT P. BAUMAN 

Department of Physics 

University of Alabama, Birmingham 

Three new curricula have been introduced by the Department of 

Physics of the College of General Studies, University of Alabama in 

Birmingham. The standard major in physics, leading to the B. S. in 

Physics, requires a freshman course (with laboratory) based on cal¬ 

culus; sophomore courses in thermodynamics, electricity and magne¬ 

tism (with laboratory), and atomic and nuclear physics (with labora¬ 

tory); junior courses in classical mechanics, statistical mechanics, and 

electromagnetic theory, and senior courses in quantum mechanics and 

modem physics (with laboratory). A health physics option within the 

B.S. in Physics program substitutes additional chemistry and biology 

for some of the upper level physics courses. A B.S. in Natural Science 

(Physical Science Option) is offered for those who wish a 24-hour major 

and 18-hour minor to satisfy teacher certification requirements or as a 

pre-medical curriculum. Because students in the Health Physics and 

the Natural Science programs take almost entirely courses taken bv 
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physics majors, these degrees can also provide entry to graduate studies 

in one or more fields. 

Chemistry And Biology Programs For Major, Professionals 
And Science Teachers 

ROGER W. HANSON, BLAINE H. LEVEDAHL and CHARLES P. DAGG 
University of Alabama, Birmingham 

To meet the standards set by the American Chemical Society, 

chemistry curricula for the Bachelors degree become rather specialized 

and frequently lack versatility for those individuals who don’t become 

professional chemists. Biology curricula are often too flexible and allow 

too much freedom in course selection and seldom prepare the student 

for anything except further study. A third group, the teachers of science 

in the secondary schools, is not likely to major in any of the sciences 

because of the increased load required for specialization. The College 

of General Studies in Birmingham thus established programs which 

utilize specific courses common to all three curricula. The modern 

biologist should possess the same chemical and mathematical foundation 

as the chemist but with breadth and depth of training less developed. 

The pre-professionals of the medical sciences and the secondary teachers 

of science must likewise be versed in these same fundamentals. The 

prospective high school biology and chemistry teachers are therefore 

urged to elect an option major, with fewer hours than the regular major, 

designated as chemical biology in the Natural Sciences. The first two 

years of chemistry, mathematics through calculus and one year of 

physics are then common to all programs. Since State Certification for 

high school teachers requires only 24 hours for the major and 18 hours 

for the minor the chemical biology option in the Natural Sciences is 

essentially a double minor. With only slight modification the latter pro¬ 

gram is well suited for the pre-profesional and simultaneously allows 

an alternative to those unacceptable to the professional schools. 

Some Values Of A Planetarium-Observatory To A Community 

HENRY T. HARVEY 
Planetarium-Observatory Director 

Florence State University, Florence, Alabama 

About 10,000 school children and adults have attended the Florence 

State University (FSU) planetarium-observatory lectures given daily to 

public school classes and on two Sunday afternoons a month to the pub¬ 

lic. This has greatly enriched the community’s cultural, educational and 

religious values. The Florence Chamber of Commerce lists the plane- 
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tarium-observatory as one of its greatest assets in selling the community 

to prospective new industries. It helps attract students to enroll in the 

college and is of great value in improving public relations between 

college and community. Considerable science education of the lay pub¬ 

lic is achieved through newspaper articles written twice monthly con¬ 

cerning the Sunday afternoon public planetarium lecture. More is ac¬ 

complished through the question and answer period that follows the 

show as well as through the tour of the observatory and darkroom. 

The planetarium-observatory serves as the meeting place for the 

junior and senior amateur astronomy clubs and is a powerful induce¬ 

ment to them to consider science as a career. Since FSU college stu¬ 

dents who are to be science teachers attend planetarium lectures and 

use the observatory, their teaching will benefit whatever community 

thev teach in. Thus these benefits spread throughout the state. 

Seek-It: A Curriculum Strategy For Self-Directed Learning 

WILLIAM B. SHELL 
Auburn University, Auburn, Alabama 

SEEK-IT is an acronym for (Self-Directed Educational Experiences 

Kit.) It is based on the philosophy that a person must accept the pri¬ 

mary responsibility for his own learning. It is a set of programmed 

educational experiences designed to assist in the learning of a single 

concept and its related sub-concepts by the use of multi-media and 

multi-levels. It usually contains several lessons, each presented on sev¬ 

eral levels and with the aid of multi-media in an attempt to accommo¬ 

date individual differences. A Seek-It is an effort to provide opportu¬ 

nity for a student to pursue a particular area of study on a self-directed, 

individualized basis. 

Each Seek-It is divided into a teacher section and a student sec¬ 

tion. The teacher section gives an overview of the content to be learned. 

This content is broken down into major and sub-concepts and these 

concepts provide the basis for the preparation of the behavioral objec¬ 

tives of the Seek-It. Also provided is a list of materials considered to 

be germane to provide particular learning experiences for the student. 

The teacher section also contains means of evaluating present levels of 

achievement of the student and also the degree of learning that is 

taking place as he progresses through the various learning experiences 

provided in the Seek-It. 

Following is an outline of what a typical teacher section of a Seek- 

It contains: 

I. A table of contents 



234 Journal of the Alabama Academy of Science 

II. An introduction 

III. An overview of the content which is presented to the student 

IV. A list of concepts 

V. A list of behavioral objectives 

VI. An identification of the approach which is used in the learning 

experiences — inductive (discovery of concepts) — deductive 

(presentation of concepts) 

VII. A list of all materials considered to be germane in order to pro¬ 

vide particular learning experiences 

VIII. Instructions for evaluation 

Copies of the pre-test and post-test with their keys 

IX. A complete bibliography 

An outline of a typical student section contains: 

I. A table of contents 

II. An introduction 

III. A list of concepts 

IV. A list of behavioral objectives 

V. A pre-test 

VI. Lessons 

A. Presented by the use of multi-levels and multi-media 

B. Containing frequent self-evaluation complete with recycling 

C. Containing frequent quest activities 

VII. A post-test 

VIII. A glossary 

Would You Believe? Science Fiction In Elementary School 

DUTCHIE S. RIGGSBY 
Troy Junior High School, Troy, Alabama 

The use of science fiction — both carefully selected, professionally 

written, and student-created, was found to significantly contribute to 

producing these outcomes: 

1. Reading stimulation 

2. Thought stimulation 

3. Oral discussion stimulation 

4. Writing improvement 

5. Scientific reasoning improvement — through the experiences of 

manipulating frames of reference not usually used 

6. Stimulation of interdisciplinary study — for example, science and 

social studies 

The paper described the actual use of science fiction in units of 

study in science, creative writing, and social studies. Measures of 
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changes in behavior were applied to test the effectiveness of the pro¬ 

cedure. Significant results obtained for six measures of activity. 

Instructional Technology; Some Applications To The 
Teaching Of Junior High School Science 

ERNEST D. RIGGSBY, MELVIN E. KNIGHT, 

DUTCHIE S. RIGGSBY, and BETTY T. McCUTCHIN 

Troy State University, Troy, Alabama 

Auburn University, Auburn Alabama 

and Troy Junior High School 

Through the use of selected hardware and software, from what 

has come to be called educational technology, a series of innovative ap¬ 

proaches to the teaching of junior high school science was devised. 

Selected activities in microbiology, aerospace science, and oceanography 

were used as enrichment experiences for three sections of sixth grade 

science at Troy Junior High School, Troy, Alabama. 

Among the hardware and software used were: 

1) 8mm single concept film-loops (with cartridge-loading pro¬ 

jectors ) 

2) 35mm micro-slides (with 2-D viewers and microscope adapters) 

3) Stereo-slides (with 3-D viewers) 

4) Stereograms and aerial photographs (with sterescope for 3-D 

viewing) 

5) TV cameras, Videorecorders, and TV monitors 

6) A wide range of more conventional media such as 16 mm films, 

35 mm filmstrips, and phonodiscs 

Several, otherwise difficult concepts to illustrate were studied. 

Enough merit was found in the experimental pilot program to war¬ 

rant a planned, expanded program for next school year. 
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Medical Sciences 

George Augustus Ketchum 

EMMETT B. CARMICHAEL 

University of Alabama Medical Center, Birmingham 

George Augustus Ketchum was born on April 6, 1825 at Augusta, 

Georgia. The Ketchum family moved to Mobile, Alabama in 1835. He 

read medicine with Dr. F. A. Ross of Mobile and was a medical student 

at the Medical College of South Carolina in 1844-45. He enrolled at 

the University of Pennsylvania and received the M.D. degree in 1846. 

Dr. Ketchum began the practice of medicine in Mobile in May 1846, 

and he laid the foundation for a long and successful career. He was 

active in organizing the Medical Association of the State of Alabama in 

December, 1847. Along with Dr. J. C. Nott and Dr. W. H. Anderson, he 

helped to found the Medical College of Alabama in 1859. Dr. Ketchum 

was appointed Professor of the Theory and Practice of Medicine, a 

position he held until his death. He became the second Dean of the 

Medical College in 1885. Dr. Ketchum was elected president of the 

Medical Association of Alabama in 1873 and presided at all sessions at 

the Selma meeting in 1874. He had been the Annual Orator in 1870. He 

was commissioned surgeon of the Fifth Alabama Infantry during the 

Civil War. Dr. Ketchum was instrumental in securing a pure water sup¬ 

ply for the City of Mobile. He was one of the best known physicians 

in Alabama. Dr. Ketchum died on May 29, 1906. 

Samuel Dibble Seelye 

EMMETT B. CARMICHAEL 

University of Alabama Medical Center, Birmingham 

Samuel Dibble Seelye was born on March 14, 1829 in Bethel, Con¬ 

necticut. He received the M.D. degree from the University of the City 

of New York in 1855 and practiced in New York City for the next two 

years. Due to ill-health, he abandoned his practice for the next two 

years. In 1859 he opened his office in Montgomery, Alabama. He took 

an active interest in the Montgomery Medical Society, and was its 

president twice. In 1868, he was involved in the reorganization of the 

Medical Association of the State of Alabama and was elected president 

in 1886. He delivered the Annual Oration in 1874. At the Louisville 

meeting of the American Medical Association, in 1875, he was elected 

Vice President of the Association. He authored papers on seevral sub¬ 

jects: arterial embolism, heart clot, cell life, sewage of cities, and drain- 
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age and underdrainage in their sanitary and economic aspects. He died 

in his 69th year on February 23, 1898. 

Albert Gallatin Mabry 

EMMETT B. CARMICHAEL 

University of Alabama Medical Center, Birmingham 

Albert Gallatin Mabry was born near Jerusalem, Virginia on Sep¬ 

tember 7, 1810. At the age of sixteen, he went to Jerusalem and entered 

the business world. His friend, Dr. William Spark, encouraged young 

Albert to study medicine. As a result, he read medicine with Dr. Spark 

and enrolled in the Medical Department of the University of Pennsyl¬ 

vania in October 1835, when 24 years of age. He received the M.D, 

degree on March 3, 1837 and opened his office in Whitesville, Georgia. 

Early in 1843, he moved to Selma, Alabama, where he practiced until 

his death. Dr. Mabry was one of the founders of the Medical Associa¬ 

tion of the State of Alabama in December 1847 and was one of the lead¬ 

ers in reorganizing the Medical Association after the Civil War in 1868. 

He was elected 2nd Vice President in 1847, President at the Selma 

Meeting in 1852. He presided at the reorganization meeting. He was 

elected president in 1868 and presided in 1869 at Mobile. Dr. Mabry 

was interested in several railroad enterprises serving Selma and that 

section of Alabama. He served in the State Legislature from 1857 to 

1867. His bibliography covers the following subjects: yellow fever, 

haemorrhagic fever, application of quinine, indigenous botany from 

Selma, gynecology, adhesions of the vagina, Miasmatic fever. His death 

was due to pneumonia on February 23, 1874. 

A Cytoarchitectural Study Of The Cochlear And 

Vestibular Nuclei In The Kangaroo 

RONALD A. COWLEY 

Department of Anatomy 

University of Alabama, Birmingham 

The cochlear and the vestibular nuclei of the kangaroo extends 

from the rostral portion of the melulla through the caudal part of the 

pons. In thionin preparations two cochlear nuclei and four vestibular 

nuclei are recognizable. These consist of dorsal and ventral cochlear 

nuclei and a medial, a lateral, a superior and a spinal vestibular nucleus. 

The cochlear nuclei of the kangaroo are comparable to those of other 

mammalian brains, except that both nuclei lie medial to the restiform 

body. Some of the cells of the ventral cochlear nucleus are located 

within the root fibers of the cochlear nerve, thus the nucleus consists of 
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intramedullary and extramedullary portions. 

The vestibular nuclei are generally similar to those of other mam¬ 

mals with respect to position and to cell type. The medial vestibular 

nucleus, however, consists of two separate portions, a medial and a 

lateral portion, each with a characteristic cell type. The positions and 

relations of these nuclei will be illustrated and their cellular character¬ 

istics discussed. 

Use Ol The Wild Norway Hat And Wild-Long-Evans Crosses 
In Laboratory Investigation 

J. D. EMERSON and G. M. EMERSON 
Departments of Physiology & Biophysics and Biochemistry 

University of Alabama Medical Center, Birmingham 

Wild Norway rats were caught in live traps at several points in Jef¬ 

ferson County, Alabama, to compare maximum size and growth rate 

with that of common laboratory strains of Norway rat. Maximum size, 

growth rate and surprisingly uniformity were found to be nearly iden¬ 

tical with the Long-Evans rat in the male. The wild nulliparous fe¬ 

male is about 10% larger than the Long-Evans. These animals were found 

to adapt rapidly to cage life in the laboratory. If treated kindly, they 

rapidly become affectionate in most cases. Some animals, caught as 

adults, would sit quietly on the investigator’s lap without restraint, 

while receiving an injection on their first day in the laboratory. The 

most striking and potentially useful difference between the wild and 

laboratory strains discovered thus far is a much higher incidence of 

many types of autochthonous neoplasms in the wild animals. The 

common neoplasms include: osteogenic sarcoma, bronchogenic carci¬ 

noma, fibrosarcoma and fibroadenoma. The high incidence persists af¬ 

ter several generations in the laboratory and therefore is not due to a 

chemical carcinogen exposure peculiar to the wild situation. The wild 

and Long-Evans strains are vigorously mutually fertile, as are their 

Fi, F2, F, and F4 descendents. The high incidence of neoplasms is 

undiminished in the cross, suggestive of viral etiology. 

The Medial Limbic Lobe Of An Elasmobranch, 

Chimera monstrosa 

JOHN R. FAUCETTE 
Department of Anatomy 

University of Alabama, Birmingham 

A morphological study of the brain of Chimera momtrosa has re¬ 

vealed certain phylogenetic homologies in the olfactory formation and 
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the medial telencephalic wall. This brain is also unique in certain other 

features. Each telencephalic hemisphere is elongated rostrocaudally, 

with the rostral end of each hemisphere separated to the anterior com¬ 

missure level, caudal to which the two hemispheres are fused ventrally. 

The lateral ventricles join the midline ventricle via the interventricular 

foramen at the level of the anterior commissure. 

The olfactory bulbs have two distinct parts, a dorsal and a ventral. 

Each part receives a distinct olfactory nerve. The mitral cell laminae 

of the dorsal and ventral calyces share a common granule cell layer. 

Both the dorsal and ventral parts have an accessory olfactory bulb from 

which the fibers project laterally. Caudally, the anterior olfactory nu¬ 

cleus replaces the granule cell layer. The anterior olfactory nu¬ 

cleus is replaced in turn: a) dorsomedially by the primordial anterior 

continuation of the hippocampus, b) medially by the primordial dentate 

gyrus, and c) ventromedially by the primordial septal nuclei. The an¬ 

terior continuation, primordial subiculum, cornu ammonis and dentate 

gyrus constitute the hippocampal formation. Discernable septal nuclei 

include: medial and lateral septal nuclei, nucleus aecumbens septi, 

nucleus triangularis, nuclei of the commissures, nucleus of the diagonal 

band, and septohippoeampal nucleus. The fornix interconnecting the 

hippocampal formation with the septum and the hypothalamus is a 

prominent structure similar to that in man. (Suported in part by NIH 

Grants NB-04295 and 1T1-NB-5495-03) 

A Chemical Method For Measuring The Carbon Dioxide 
Content Of Blood 

ALAN HISEY 
University of Alabama, University 

Existing methods for measuring the carbon dioxide content of blood 

suffer from the danger of losing some gas between the times of collection 

and analysis. The method here proposed immediately traps and holds 

the carbon dioxide of a promptly measured sample in the form of pre¬ 

cipitated barium carbonate. Haste being no longer essential, the pre¬ 

cipitate can be washed on the centrifuge, dissolved in standard hydro¬ 

chloric acid and back titrated with standard sodium hydroxide to the 

phenolphthalein end point. The phosphate, which also precipitates, is 

prevented from interfering in the titration by the addition ol barium 

chloride which converts the secondary phosphate into insoluble tertian 

barium phosphate and releases the third hydrogen of phosphoric acid. 

A simultaneous blank determination avoids the necessity for keeping the 

reagents, except the standard sodium hydroxide, free of carbon dioxide. 
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Using beef blood good agreement was found with the Van Slyke gaso- 

metric method. (Assisted by a grant-in aid from the University Re¬ 

search Council of the University of Alabama) 

The Effects Of NAD—a KG Addition Compounds 

On Glutamic Dehydrogenase 

MIKIO N1SH1DA, PAUL J. FRITZ, and K. L. YIELDING 

University of Alabama Medical Center, Birmingham 

Glutamic dehydrogenase (GDH) catalyzes a reversible reaction of 

several amino acids with NAD or NADP to form ct-keto acid analogues 

and NH3. As one way of examining the mechanisms of this enzymic 

reaction and its regulation, addition compounds of NAD and a-keto 

glutaric acid (a-KG) were prepared non-enzymatically and tested for 

their effects on the enzyme assay. Acetone-free NAD and a-KG were 

dissolved in water, brought to pH 11.5 by adding NaOH, and allowed 

to stand at room temperature for approximately 1 hour. The solution 

was readjusted to pi I 8 by addition of HC1, and diluted for column 

chromatography. The reaction mixtures were fractionated on DEAE 

cellulose or DEAE Sephadex and eluted with a 0.01 M to 0.5 M NaCl 

gradient in Tris buffer. Column, paper and thin layer chromatography 

were used for further purification. Material from all the fractions had 

absorption peaks at 260 m/x and around 370 m/x and showed strong 

fluorescence at 500 m/x when excited at 360 m/x. The ratio of 260 to 

370 m/x varied from 5 to 9:1 in the different fractions. The several dif¬ 

ferent fractions obtained were all examined in the enzymic reaction and 

did not influence the kinetic properties of the enzyme. The compounds 

also could not replace NAD, NADH, or the keto acid substrate in the 

enzymic reaction. (Supported by grants from the USPHS and the Na¬ 

tional Science Foundation). 

Effect Of Colchicine On Fat Metabolism In The Intestine 

H. L. SPITZER, D. V. DOBBS, and G. C. LUKETIC 
University of Alabama Medical Center, Birmingham 

Colchicine is the prototype of drugs that arrest dividing cells in 

metaphase, therefore tissues and organs that anatomically and func¬ 

tionally depend on a renewal of cells are vulnerable when exposed to 

it. Colchicine also has an effect on both dividing and resting cells that 

occurs much earlier and which may precede mitotic arrest. In the intes¬ 

tinal mucosa this early phase is characteristically marked by reduction of 

oxidative enzyme activity with depression in 02 consumption and exo- 
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genous glucose metabolism. Subsequently there is an anatomical phase 

culminating 3-4 days after drug administration with collapse of the 

villi and a decrease in the absorptive surface as a result of arrested 

division in the crypts. 

The present study was designed to examine intestinal fatty acid ab¬ 

sorption and metabolism before villi collapse. Everted intestinal sacs 

were prepared from mice given 1.5 mg/kg colchicine 12 hours prior to 

sacrifice. The sacs were incubated for 1 hour in glucose free Krebs buf¬ 

fer containing albumin bound palmitate 9, 10-3H. Lipids were extracted, 

glycerides separated and radioactivities measured. Palmitate incorpo¬ 

ration was expressed as dpm X 106/100 mg dry wt. 

Total uptake F.A. Esters Triglyc P. Lipids 

Control 3.2 ± 0.5 2.8 ± 0.4 2.0 ± 0.4 0.7 ± 0.1 

Treated 2.7 ± 0.3 2.4 ± 0.3 1.7 ± 0.3 0.4 ± 0.0 

Palmitate incorporation in treated animals was depressed into all 

glycerides, but significantly only in phospholipid fraction. These results 

could be explained by (1) inhibition of fatty acid esterification to lyso- 

phosphatidic acid or (2) by a significant decrease in glycerol phosphate 

pool because of depressed glucose metabolism. Since exogenous glucose 

metabolism is depressed it is felt that inhibition of glucose metabolism 

may be the primary cause of depressed fatty acid esterification. Absorp¬ 

tion by diffusion of fatty acids was not depressed, indicating that the 

intestinal mucosa surface was intact. (Supported by grants from the 

USPHS-FR-05349 and AM-09894). 

The Substrate Specificity Of Glutamic Dehydrogenase 

MURRAY R. SUMMERS 

Laboratory of Molecular Biology 

University of Alabama, Birmingham 

Glutamic dehydrogenase has been shown to exist in at least two 

conformational states. Reversible transitions between these states, medi¬ 

ated by a variety of small molecule regulators, are acompanied by a 

marked change in the catalytic activity. The substrate specificity of 

each of the conformations has been examined and interpretations will 

be given, based on the observed interactions. Investigations of this type 

provide a means for understanding the nature of biological catalysis. 

(Supported by a grant from the NIH.) 
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Changes In Human Red Blood Cells During Storage In Plasma At 

6° C With Special Reference To Na-K Active Transport 

ROGER W. VOIGHT 

Department of Physiology and Biophysics 
University of Alabama, Birmingham 

These experiments investigated the ability of human red blood 

cells to maintain their normal electrolyte composition during storage in 

ACD plasma at 6 C. The rate of efflux of L'L’NA and of non-radioactive 

sodium and potassium was investigated as a function of storage time, 

as was chloride distribution and rate of hemolysis. The rates of radio¬ 

sodium efflux calculated from the decline with time of "Na contained 

within the erythrocytes were consistently lower in the ouabain-treated 

cells (0.05 mM) than in untreated cells. Active sodium transport de¬ 

creased significantly during storage, and became essentially zero after 

fl-12 days, implying that the cells were no longer capable of maintain¬ 

ing their osmotic gradient. Chloride was observed to shift dramatically 

toward the intracellular space with cold storage, while the rate of ex¬ 

trusion of non-radioactive sodium declined; fresh cells accumulated 

potassium, but cells stored eight days did not; finally, the cells showed 

a progressively greater rate of hemolysis as they aged. These observa¬ 

tions suggest that the current 21-day limit for the storage of usable 

blood may be too long with regard to the physiological capacity of 

the cells to maintain their ionic gradients. 

Turnover Of Lactate Dehydrogenase Isozymes In Rat Cardiac 

And Skeletal Muscle 

LUCILE WHITE and PAUL J. FRITZ 

Laboratory of Molecular Biology 
University of Alabama, Birmingham 

Tissue distribution of the lactate dehydrogenase (LDH) isozymes 

varies widely. For example, in the rat skeletal muscle LDH 5 and 

LDH 4 predominate, while in the heart LDH 1 and LDH 2 are the 

major forms. This work deals with the question of what determines this 

difference in distribution. Rats were maintained on a diet containing 

C14 labeled amino acids and the rate of incorporation of the isotope 

into the antibody precipitated enzymes was determined. The results in¬ 

dicate that the predominate isozymes are not being turned over as fast 

as the isozymes present in small quantities. Thus, the difference in rate 

of degradation is a major factor in determining the distribution of LDH 

isozymes in tissues. (Supported by a grant from USPHS.) 
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The Relationships Of The Medial Limbic Lobe In Dipnoi 

GERALD G. WHITT and H. N. SCHNITZLEIN 

Deartment of Anatomy 

University of Alabama, Birmingham 

The brains of the African lungfish (Protopterus) and Australian 

lungfish (Neoceratodus) have been compared utilizing gross specimens 

and serial microscopic sections appropriately stained for nerve cell 

bodies or fiber bundles. Although many similarities are evident, the 

more rostral position of the interventricular foramen in Neoceratodus 

results in some apparent differences. The olfactory bulbs are adjacent 

to the rostrodorsal aspect of the hemispheres of both fish; however, the 

olfactory nerves are much longer in Protopterus. The laminar arrange¬ 

ment of the cellular and fibrous elements of the bulb in most vertebrates 

is evident. An accessory olfactory bulb has not been distinguished in 

Neoceratodus. The nervus terminalis has been identified in both fish 

and bipolar ganglion cells have been observed in the Australian speci¬ 

mens. 

The most prominent gross feature of the telencephalon in both 

Dipnoan fish is the exaggerated olfactory tubercle. Microscopically, the 

nuclear masses are largely periventricular gray in both forms. 

The fornix, interconnecting the hippocampal formation in the dor- 

somedial aspect of the hemisphere with the hypothalamus, curves ros¬ 

tral to the interventricular foramen. The course through the septal 

region toward the hippocampal commissure is longer in Neoceratodus 

than in Protopterus but the connections are similar. 

Homologous nuclei within the septal region and hippocampal for¬ 

mations have been identified. Certain fiber bundles are similar in their 

origin and terminations to those of other vertebrates. (Supported by 

NIH Grant NB-04295) 

Engineering 

A Passive, Low-Loss, Double-Sideband 
Suppressed-Carrier Modulator 

M. D. FAHEY, C. E. SMITH, and E. R. GRAF 

Department of Electrical Engineering 

Auburn University, Auburn, Alabama 

There is a general need for a passive, low-loss, in-line amplitude 

modulator to be used to modulate signal generators and power sources, 

for amplitude scan of antenna arrays, for modulation processes in fre¬ 

quency synthesis systems and for use in most other passive modulation 
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applications. In passive modulation techniques, there is an inherent 

power reduction due, in principle, to the technique, of amplitude 

modulation, whereby the signal is attenuated to obtain a desired ampli¬ 

tude variation. However, this loss can be reduced by synthesizing the 

output waveform from a combination of both amplitude and angle 

modulation schemes. 

The work presented here describes a passive, low-loss, double¬ 

sideband suppressed-carrier modulator, using a synthesis technique 

which employs a combination of amplitude and phase modulation. Most 

passive double-sideband systems are characterized by combining two 

amplitude modulated signals with proper phasing to produce the desired 

output signal. Since a double-sideband suppressed-carrier signal is 

characterized by a full-wave rectified sinusoidal envelope and a 180° 

carrier phase shift at the envelope zero amplitude, then a simple double¬ 

sideband suppressed-carrier modulation scheme can be synthesized by 

using appropriate amplitude and phase modulation. This simple modu¬ 

lator has a theoretical 3 dB loss as compared with a 9 dB loss of the 

other modulator. Experimental results give a 3.8 dB reduction in power 

of the modulated output signal from the unmodulated output signal. 

Motion Of A Free-Falling Anchor Chain 

C. K. LIU 

Department of Mechanical Engineering 

University of Alabama, University 

Professor Gran Olsson’s problem of a free-falling anchor chain is 

analyzed by means of a semi-analytical method. Not being restricted to 

the special case of a uniform chain, which has been solved by Professor 

Olsson in terms of the Weierstrass function, the present method can 

be easily applied to chains of any practical configurations. The problem 

can be stated very simply as follows: A chain lies pushed together at 

the edge of a table, except a piece x„ which hangs over it. The free end 

of the chain is initially at rest or is given an initial velocity v0. The prob¬ 

lem is to determine the displacement x, the velocity v and the accelera¬ 

tion v of the free end of the chain as functions of time t. 

The case of a non-uniform chain is specially suited for the phase 

plot technique. A sinusoidal chain is analyzed in detail in this paper. The 

mass of the chain in this case is assumed to vary with x according to the 

following law: 

m = ex + q sin wx 

where e, q, w are constants. Numerical analysis for this chain configura- 
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tion (w — 1, e/q — 1.1) is carried out for two sets of initial conditions: 

I: t = 0, x = 0, v = 0 

II: t = 0, x = 1.5708 ft, v = 32.2 ft/sec. 

It is interesting to note that the two solution curves (v versus x) origi- 

inating from these two initial conditions, practically merge after a dis¬ 

tance of travel of 25 feet. It is also interesting to note that the curve, 

x versus t, for the initial condition I exhibits, as expected, the general 

shape of a parabola, which closely approximates the exact solution 

1 2 
x = - g t 

6 
for a uniform chain under the same initial condition. 

The graphical method of solution described in this paper proves to 

be very instructive in that it affords the analyst a physical grasp of the 

problem at every stage of the investigation. The digital computer 

method which can yield a solution much faster can not make the same 

claim. Some of the sample calculations by the computer are appended 

here for comparison. 

Film Condensation Around Horizontal Tube 
Of Non-Circular Cross-Sections 

C. K. LIU 
Department of Mechanical Engineering 

University of Alabama, University 

In this paper the phenomenon of continuous film condensation 

around a tube of non-circular cross-section is examined using Nusselt’s 

technique. Although tubes of circular cross-sections have long been used 

by the designer of heat exchangers or condensers, there are occasions 

that by necessity the tubes are arranged at a certain angle to the hori¬ 

zontal. This inclination causes, in a theoretical sense, a circular tube to 

appear to the condensing vapor as an elliptic tube. It is, therefore, useful 

to investigate the effect of the configuration of the tube cross-section 

on the heat transfer coefficient as compared to that for a circular cross- 

section. 

The method of solution presented is a modification of that given 

by Nusselt and can be easily extended to various non-circular cross- 

section. The more exact analysis of the problem of film condensation, 

which takes into account of the acceleration and temperature effects is 

much more involved if the contour of the tube deviates from either a 

vertical flat wall or a circular cylinder. It is shown in this paper that the 

film thickness of the condensate around a circular tube is thicker than 
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that around a tube of elliptic cross-section having the same cross- 

sectional area, it is also demonstrated that a tube whose cross-section is 

composed of two parabolas is almost twice as efficient in its condensing 

characteristics as that of a conventional tube of circular cross-section of 

the same condensing surface. 

Although a problem of economics is definitely involved in manu¬ 

facturing these heat exchanger tubes of unconventional cross-sections, 

it is conceivable that a substantial improvement in performance may 

outweigh its cost of manufacture, especially in some critical missions 

such as a long voyage through space. 

Strain Energy Function For Elastic Polymers 

J. N. MAJERUS 

Rohm and Haas Company 

Huntsville, Alabama 

Experimental data were obtained for a variety of unfilled polymeric 

solids (elastomers, thermoplastics and thermosets) using a specially de¬ 

signed specimen configuration. The same configuration was used for 

all the materials and the shape allowed accurate measurements of the 

initial strains for even soft polymeric materials. In order to characterize 

the observed finite nonlinear elastic behavior, the concept of an elastic 

strain energy function was used. Various functions, developed in the 

past for incompressible materials, were found not to duplicate the ex¬ 

perimental data. A strain energy function for compressible materials W 

was derived which satisfies certain restrictions imposed by thermody¬ 

namic stability, solid state physics and physical observations. This W 

has the form of a Laurent type function and appears to duplicate both 

uni- and multiaxial behavior. The parameters involved in W vary with 

the polymeric material. 

Simulation, Methods And Fundamentals 

JOE H. MIZE 

Department of Industrial Engineering 

Auburn University, Auburn, Alabama 

Simulation is defined as “the process of conducting experiments on 

a model of a system in lieu of either (1) direct experimentation with 

the system itself, or (2) direct analytical solution of some problem as¬ 

sociated with the system. This paper presents the concepts of describing 

physical systems as mathematical models consisting of symbolic and logi¬ 

cal variables, parameters, and relationships of the system. Receiving 

particular attention are systems containing one or more components 
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whose performance can be characterized as a random variable. Monte 

Carlo simulation methods are discussed for both discrete and continu¬ 

ous random variables. The paper is concluded with a discussion of a 

general methodology for system simulation. It is contended that this 

methodology is applicable to the simulation of systems from many areas, 

such as engineering, social sciences, natural sciences, political sciences, 

etc. 

Ruby Laser Coolants 

F. R. McDEVITT and E. R. GRAF 
Department of Electrical Engineering 
Auburn University, Auburn, Alabama 

Recent experiments have shown that the ultra-violet light emitted 

from the flashtube is detrimental to the output of ruby lasers. Also, 

there is a desire to cool the ruby crystal in order to lower the pump 

power required and to improve the electrical characteristics of the 

ruby radiation. 

This paper proposes a liquid coolant to satisfy both of these re¬ 

quirements. The coolant severely attenuates ultra-violet radiation while 

at the same time being transparent to light in the pump bands of ruby. 

In addition, the coolant is non-toxic, has a high thermal conductivity, 

and will remain stable under very intense light radiation. Finally, the 

method of selecting the coolant is included in case similar needs arise 

for other laser crystals. 

The Biography Of A VLF Propagation Study System 

C. E. SMITH and E. R. GRAF 
Department of Electrical Engineering 
Auburn University, Auburn, Alabama 

The purpose of this paper is to present a description of the con¬ 

struction and implementation of a Very-Low-Frequency (VLF) propa¬ 

gation study system. This system is designed to measure the phase 

variation of a propagated VLF signal which is independent of equip¬ 

ment induced errors. This measurement is made utilizing a VLF trans¬ 

ponder system whereby a signal of frequency f, is (1) transmitted to a 

transponder station, (2) re-transmitted at a phase coherent frequency 

f2, slightly offset from f,, and (3) after processing at a sampling or 

frequency f,. The composite phase, which is measured over a two- 

hundred mile path over this “two-way” measurement scheme, is a 

measure of the electrical distance between the stations, and the phase 

variations are an indication of the stability of the propagation medium. 
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The instrumentation used in this system is designed and employed to 

cancel equipment errors, and, thus the phase variations are rendered 

independent of the measurement system. 

Sinee it is very difficult to erect resonant structures at these wave¬ 

lengths, two twelve multiple-wire-rib, 300-foot umbrella antennas have 

been designed and constructed as a basis for this propagation system. 

These structures have a radiation resistance in the neighborhood of 

twenty milliohms. Tuning is accomplished with an inductance of ap¬ 

proximately twelve millihenries which is constructed of one-half inch 

copper tubing on a six foot diameter form seven feet in length. This 

antenna configuration is used to propagate one watt of effective radi¬ 

ated power in the vicinity of 20 Khz, at both stations. 

The receiving antennas are standard whip type structures and the 

associated equipment consists of phase-lock receivers which are em¬ 

ployed throughout to maintain phase coherent operation. The trans¬ 

mitters used in this service are simple, untuned, low-frequency, ampli¬ 

fiers which have two thousand watt power output capabiilties. (This 

work is supported by the National Aeronautics and Space Administra¬ 

tion, George C. Marshall Space Flight Center, Huntsville, Alabama, 

under Contract NAS8-20154.) 
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Anthropology 

A Study Of The Causative Factors Between Mormons 
And Non-Mormons: 1820-1845 

CHARLES H. AINSWORTH 
University of Alabama, University 

This study of the causative factors of conflict between Mormons 

and non-Mormons includes the period when the Mormons under per¬ 

secution were forced to migrate from New York to Kirkland, Ohio, and 

from Ohio into Missouri from whence they were driven into Illinois. 

Basically, the procedure employed in this investigation was a socio¬ 

logical interpretation of the chronological events which occurred be¬ 

tween Mormons and non-Mormons from 1820 to 1845. 

It was found in this inquiry that the Mormons attempted to pat¬ 

tern their social institutions after those of the Biblical Hebrews, for 

they claimed a restoration of the original Church of Jesus Christ. The 

religious claims of apostolic and Israelitish ideals and practices sepa¬ 

rated them as a group from the conventional American society. Social 

distance of this nature was augmented when the Mormons attempted 

to congregate as a modern Israel. As ties between the two groups 

were severed, conflict resulted which continually created solidarity 

’ within the Mormon group and prejudice between them and non- 

Mormon groups. The sentiments thus nourished by constant group 

interaction grew in intensity and resulted finally in anti-Mormon 

mobocracy. 

' 

A Study Of Cultural Change Among The Ute Indians 

CHARLES H. AINSWORTH 

University of Alabama, University 

This study is concerned with cultural change among the Lite 

Indians from approximately 1860 to 1940. During this time the Utes 

were first exposed to historical contact with early explorers and trad¬ 

ers, but consistent interaction with white men did not occur until the 

arrival of the pioneers under the leadership of the Mormons in 1847. 

After 1865, reservation life induced cultural change of significant 

impetus in home life and living conditions, education, and economic 

conditions. By 1940 they had apparently become more adjusted to 

sedentary life and acquired property and livestock and improved their 

farms with houses, fences and corrals The older men were still 

wearing their hair in long braids and most of the women still pre- 
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ferred colorful blankets and shawls, but after eighty years of govern¬ 

ment supervision many of their traditional culture traits have been 

forgotten. 

The Hope Hull Phase In Central Alabama 

DAVID W. CHASE 

Montgomery Museum of Fine Arts 

Montgomery, Alabama 

The presence of a distinctive cultural complex in the prehistory 

of Central Alabama was originally recognized by the late Dr. R. P. 

Burke in 1934, when, as a member of the Alabama Antliropological 

Society, he termed the associated evidence “The Orange-Red Pottery 

Culture” based upon the somewhat distinctive bright red, frequently 

burnished red slipped ware which is a diagnostic trait of the complex. 

In Burke’s time, sixteen sites producing this identifying pottery type 

together with a much more prolific plain sand tempered ware. Some 

ten years later, Dr. James B. Griffin made a visit to the Montgomery 

area where he was able to inspect collections containing artifact evi¬ 

dence of the complex. His description of it appeared in published 

form in 1946 (Griffin, f. B. 1946. Man in northeastern North America. 

Robert S. Peabody Foundation, Vol. 3) wherein he termed the assem¬ 

blage “The Hope Hull Focus” after the Alabama community where 

the type site was found. 

Since 1963, efforts have been made to determine the origin, the 

chronology and ultimate fate of the culture. This search has resulted 

in the uncovering of a Middle-Late Woodland people whose nuclear 

population center seemed to be located just east of present day Mont¬ 

gomery and who established large, possibly stockade-enclosed villages 

as early as 800 A.D. This information is based upon a survey of some 

thirty-five sites investigated by the writer in the Montgomery area since 

1963. 

Archaeological Investigations At X-Kukican, Yucatan 

DAVID L. DeJARNETTE 

University of Alabama, University 

This preliminary paper is based on archaeological field work con¬ 

ducted by the Department of Anthropology of the University of Ala¬ 

bama during two field seasons, the first from November 30, 1965 to 

January 22, 1966 and the second from October 7, 1967 to January 13, 

1968. This field work was concerned with the Archaeological Zone of 

X-Kukiean located within the Puuc Hill region of the peninsula of 



Abstracts 251 

Yucatan about 65 miles southwest of Merida, the capital city of Yucatan. 

Especial attention was focused on the cave of X-Kukican which is cen¬ 

tral to the Zone. Evidence from the cave indicates an occupation from 

tire Formative through Early and Florescent periods, with the major 

period of use being the late Early and early Florescent periods. 

The surface ruins investigated are composed of an acropolis com¬ 

plex with temple, quadrangle plaza, and large platform. Near the 

acropolis on an outcrop of limestone are three bluff shelters which 

when test-trenched showed evidence of extensive occupation. A sacbe 

(Mayan roadwray) leading off the major acropolis in a northeasterly 

direction was discovered, but was not completelv traced during the first 

season of field w'ork. Not until the 1967-68 season u’as the sacbe cleared 

of brush and jungle growth and found to have at the terminus of its 

axis another acropolis consisting of approximately 35 structures. 

Preliminary tests were excavated on all structures to determine their 

architecture and provenience. The preliminary explorations indicate 

that at least five years will be required for complete investigations. 

Physical Anthropology—Use Of The Literature 

In Preparing World Means 

ELEANOR DOWNEY 

Memorial Institute of Pathology 

Birmingham, Alabama 

What are the physical characteristics of man? of various groups of 

men? Assuming that there are innate physical differences between peo¬ 

ple, and differentiating each group from all others—what are these 

differences? Approximately ten years ago, Dr. Albert E. Casey began to 

search the literature available to physical anthropologists and to gather 

physical measurements from hundreds of references. His dream was to 

compile all of the data gathered by all the observers and to do an ex¬ 

tensive analysis and comparison of this data. 

Of the 7,500 samples used in preparing this paper, approximately 

300 are Norse isolates, 200 native north Alabama stock (both studies 

conducted personally by Dr. Casey), 3,000 living Chinese, 1,000 indi¬ 

vidual crania, 1,500 cranial samples of from 10 to 10,000 each, and 1,500 

living samples of from 10 to 10,000 each. All samples consisted of adult 

males. 

Distributions were run on our computer for each class (grouped 

according to sample size and whether sample was of crania or living) 

and medians for the following measurements recorded. From these 
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medians we have tentatively arrived at the following medians for a 

world population: 

Crania 

Head Length — 1845 

Head Breadth — 1402 

Head Height - 1350 

Minimal Frontal — 0954 

Bizygomatic — 1350 

Total Facial Height — 1185 

Bigonial — 1005 

Living 

Head Length — 1898 

Head Breadth — 1520 

Head Height - 1263 

Minimal Frontal — 1057 

Bizygomatic — 1398 

Total Facial Height — 1222 

Bigonial — 1069 

From these points of reference we are now calculating units of 

standard deviation for each measurement. Once tables of standard devi¬ 

ation have been compiled the computer will compare each sample 

against these tables assigning degrees of likeness to each measurement 

of each sample and finally to the sample itself. The monograph contain¬ 

ing our data, techniques of measurements, and preliminary statistical 

survies is being printed now. With much of the groundwork laid and 

our basic data gathered, the work ahead looks exciting and should 

prove rewarding. 

Theoretical Plumbing 

ASAEL T. HANSEN 

University of Alabama, University 

Merida is the capital of Yucatan, a city of almost 200,000 people. 

Perhaps as many as half of the homes have plumbing. Most of the 

plumbers, however, live in dwellings without plumbing. Plumbing for 

them, therefore, is a “theoretical” pursuit. The skills they learn are theo¬ 

retical in the sense that they themselves have had limited direct personal 

experience with the kind of sanitary facilities they collect wages for 

installing and repairing. When a toilet fails, they may be able to search 

out and fix the defect. But they address themselves to the task without 

the subtle and detailed knowledge which comes from using and de¬ 

pending on toilets in a vital way. Moreover, they go about their labors 

with less urgency and less sympathy for the plight of the customer than 

they would have if toilets were an essential component of their lives. 

This plumbing case can be generalized. A closing thought is that the 

work of skilled craftsmen on space vehicles might be more effective 

than it is if they themselves had experienced the hazards of space 

travel—not a proposal, just a way to pose a problem. 
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The Social Policies And Problems Of Hernan Cortes 

ALAN B. HENKIN 

University of Alabama, University 

Hernan Cortes, as conqueror of Mexico and administrator of the 

newly acquired dominions, faced many complex social problems regard¬ 

ing the relationship between the Spaniards and the Indians. His de¬ 

cisions on questions of discrimination, racial assimilation and admixture, 

slavery, and human sacrifices were characterized by a certain under¬ 

standing and generosity inconsistent with the attitude of the typical 

Spanish conquistador. Cortes encouraged the amalgamation of the 

two races and the development of a new nation. An over-all considera¬ 

tion of Cortes’ social policies leads to the conclusion that they were 

most constructive and, in some ways, beyond his time. His active par¬ 

ticipation in the social life of the community served as an example for 

his men. In later years Cortes displayed an increasingly personal af¬ 

finity for the land and people he had been instrumental in conquering. 

A Report On A Tri-Nation Dig In Israel 

JANE LUMPKIN 

University of Alabama, University 

The summer of 1966 marked the first time in history that Japan, 

Israel, and America have participated in a joint archaeological endeavor. 

The excavation of Tell Zeror, a site in Israel, is important because it af¬ 

firms the assumption that the Sharon area was thickly populated in 

ancient times. The location of Zeror, only ten km. to the east of the 

Mediterranean Sea, seems to have been determined by at least three fac¬ 

tors: 1. it was located in an area of the black alluvial soil which would 

support agricultural endeavors; 2. it was situated at the vantage point 

guarding the Haderah River; 3. it was located in an area which pro¬ 

vided the geographically favorable trade conditions. 

Although the tell appeared to be a double tell, excavation has 

proved that it is a single tell consisting of a southern and a northern 

rise. Its history dates back to the Middle Bronze Age (2000 B.C.) and 

continues up until the period of the Middle Ages (A.D. 1400). One 

of the most important finds was a graveyard which is the supposed 

burial place of King David’s mercenary soldiers. It was to this area 

that most of the Americans were assigned. 

Many questions were answered, but many new problems were 

realized. Plans are being made toward some reconstruction expeditions. 
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There is a possibility of making the tell an on-the-site museum. Perhaps 

in the near future Tell Zeror will be the site of another tri-nation en¬ 

deavor. 

Preliminary Report Of Skeletal Materials From X-Kukican 

Cave Oxkutzcab, Yucatan, Mexico 

E. CARL SENSENIG and WILLIAM COLEMAN 

Department of Anatomy 

University of Alabama Medical Center, Birmingham 

In the initial survey of X-Kukican Cave considerable skeletal ma¬ 

terials were observed. Skeletal remains of at least a hundred burials 

were found scattered over the floor of passageways, chambers and 

side chambers. The majority of these were too fragmentary for study at 

this time. Many of them, 25% of those examined, exhibited dental muti¬ 

lation. This report deals primarily with five burials, contained within 

waterholes, that were exceptionally well preserved. The skulls of all 

five burials were carefully examined. Time did not permit making a 

complete study of the postcranial skeletons. 

Anthropometric measurements and indices will be presented in de¬ 

tail of these five cranii. Further discussion, illustrated by lantern slides, 

will show head deformation, sutural and supernumary bones, lesions in 

the cranial vault, and dental caries and abscesses and sequence of tooth 

erruption. 

Further study of X-Kukican Cave will permit an evaluation of the 

fragmentary materials on the cave floor to complete the study of the 

postcranial skeletons of the burials reported above and to explore for 

additional burials. 

Aboriginal Medical Practices Among The Secoya, Cofan, and Auca 
Indians Of The Upper Amazonian Drainage Basin 

WALLACE L. SWANSON and CHARLES M. FUGLER 

Hospital VosAndes, Quito, Ecuador, and 

Department of Zoology-Entomology, Auburn University, Auburn, Alabama 

The Secoya, Cofan, and Auca (Awishiri) are relatively small tribes 

residing in the tropical rainforests of eastern Ecuador (the Oriente). 

The former, living in villages on the upper Rio Aguarieo and its tribu¬ 

taries, number approximately 300 individuals each. The latter, occupy¬ 

ing the vast territory from Rio Napo south to Rio Curaray, estimated 

at 500 individuals, are gathered in widely scattered clans hostile to 

each other and to other indigenous groups. The Auca, having had lit¬ 

tle cultural exchange with western civilization, represent auto chthonous 
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medicine in its pre-contact state. The Secoya and Cofan, although ex¬ 

periencing significantly more contact, remain relatively non-acculturated. 

The medical practices of the three tribes were observed and cata¬ 

logued for approximately four years. Data are presented on the etiology 

of disease, concepts and practices on menstruation, marital customs, 

pregnancy, care of the newborn, menopause, tribal attitudes toward the 

mentallv and physically disabled and toward the elderly, concepts of 

death and burial practices, and aboriginal concepts of hygiene and 

sanitation. The observations are not interpreted in that linguistic studies 

are incomplete and observations on the social organization must be held 

in abeyance pending the completion of the former. 

Preliminary Observations On Indian Cranial Remains 
From The Russellville Archaeological Complex 

DAVID W. THROCKMORTON 

University of Alabama Medical Center, Birmingham 

During the summer of 1967, an archaeological survey of Franklin 

County, Alabama, was undertaken by workers from the University 

of Alabama operating under the supervision of Professor David L. De- 

Jarnette. Fragmentary remains from twelve burials were collected. Of 

these, four were obtained by excavation and the remainder by donation. 

To date, the six most complete specimens have been studied. Follow¬ 

ing reconstruction, anthropometric measurements were obtained and 

the remains were photographed and x-rayed. 

There was no evidence of artificial cranial deformation and cranial 

indices averaged in the dolicocephalic range. Sexual dimorphism was 

marked. Radiographic study of three individuals indicated subnormal 

development of the frontal sinuses, which varied from absent to one- 

fourth normal size. The dentition studied was remarkably consistent. 

There was no indication of caries, nor was any evidence of abscess 

formation noted. The occlusal surfaces of all teeth showed severe loss 

of enamel from attrition, a characteristic of Archaic populations. Shovel¬ 

shaped incisors were noted in some instances and there was evidence of 

artificial dental deformation. 

Because of the inadequate sample size, the Franklin Countv remains 

cannot, on the basis of physical characteristics alone, be identified with 

the dolicocephalic Indians of the Archaic Period, but the physical evi¬ 

dence available is not inconsistent with that conclusion. 
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MINUTES 

Annual Business Meeting 

Reid Chapel, Samford University, Birmingham, Alabama 

April 6, 1968 

The Annual Business Meeting of the Academy was called to order by 

President Steele at 11:05 A.M. 

The minutes of the April 8, 1967 business meeting were declared ap¬ 

proved as mimeographed and distributed to the membership. 

The President announced that the Editor of the Journal requested that 

section vice-presidents be responsible for getting copies of papers and/or 

abstracts from program participants and that these copies be turned in to 

the Editor at the earliest possible time. 

President Steele announced the place of annual meetings for the next 

three years. The 1969 annual meeting will be hosted by Mobile College, 

Mobile, Alabama on April 10-12; the 1970 meeting will be hosted by Auburn 

University on April 9-11; the 1971 meeting will be held at the University 

of Alabama on dates yet to be agreed on. 

The President reported major action taken by the Executive Committee 

as follows: 

1. The Academy supports and encourages the Alabama Junior Academy 

of Science to work with representatives of the Redstone Arsenal, 

Huntsville, Alabama in developing the Junior Science and Humani¬ 

ties Symposium program. 

2. By-Laws have been amended to consolidate duties of officers and 

committees and to provide for reinstatement of delinquent members. 

The Chairman of the Special Committee on By-Laws recommended to 

the Academy an amendment to the Articles of Incorporation. 

316. Motion by Barrett, seconded by Smith that Article VIII of the 

Articles of Incorporation be amended to provide for twelve trustees rather 

than six. Motion passed unanimously. 

REPORT OF THE SECRETARY (DeVall). Registration for the 1968 

meeting reached 322. Representatives of 51 institutions and agencies exclu¬ 

sive of high schools registered. The registration by section affiliation was as 

follows; 

I. Biological Sciences 85 

11. Chemistry . 29 

III. Geology . 17 

IV. Forestry, Geography and Conservation 12 

V. Physics and Mathematics 31 

VI. Industry and Economics . 13 

VII. Science Education . 42 

VIII. Social Sciences   10 
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IX. Medical Sciences . 23 

X. Engineering . 9 

XI. Anthropology . 10 

Miscellaneous . 41 

TOTAL 322 

It has been significant to note that representatives of 25 high schools 

registered with the Academy for the 1968 meeting. 

AUDITING COMMITTEE FOR THE ALABAMA JUNIOR ACADEMY 

OF SCIENCE (Thompson read by Steele). This is to inform you that we 

as a committee have audited the financial records of the Alabama Junior 

Academy of Science for the current year, and that we have found the report 

to be correct and acceptable. 

AUDITING COMMITTEE FOR THE ALABAMA ACADEMY OF 

SCIENCE ( Mountcastle) . The books for the Alabama Academy of Science 

have been examined and insofar as can be determined are correct. The fol¬ 

lowing accounts are current and active at the Exchange Security Bank, Five 

Points Office: Savings — $6,385.87; Checking — $1,934.12. 

The committee wishes to commend Dr. John McKibbin for the manner 

in which he is carrying out his duties as Treasurer of the Chapter. 

317. Motion by Fincher, seconded by Wheeler that the audit reports 

for the Alabama Junior Academy of Science and the Alabama Academy of 

Science be approved. Motion passed unanimously. 

RESOLUTIONS COMMITTEE (Jones). The Resolutions Committee, 

consisting of George V. Irons and Douglas E. Jones, Chairman, submits here¬ 

with the following resolutions: 

1. WHEREAS, the success of this, the forty-fifth Annual Meeting of 

the Alabama Academy of Science has been enhanced and largely made pos¬ 

sible by the hereinafter mentioned, be it therefore resolved: 

a. That the Academy express its appreciation for the hospitality of 

Samford University and its president. Dr. Wright; 

b. That the Academy recognize and express its special appreciation for 

the excellent work of Dr. Herbert A. McCullough and his associate 

members of the Local Arrangements Committee; 

c. That continuing gratitude be expressed for the hospitality of the 

Birmingham Division of the E. H. Sargent & Company in furnishing 

the annual banquet. 

2. WHEREAS, since the last annual meeting, several careers and loyal, 

valuable services to the Academy have been terminated by death, now, 

therefore, be it resolved that the Academy extend its sympathy to the fami¬ 

lies of AUGUSTUS L. BARKER, BRANIMER DJORDJEVIC, ESTES H. 

HARGIS, and that copies of this resolution be sent to them and be spread 

upon the minutes of the Academy.” 

318. Motion by Diener, second by Barker that the report of the Resolu¬ 

tions Committee be accepted. Motion passed unanimously. 

The Resolutions Committee through its chairman read a special resolution. 
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“The Resolutions Committee, consisting of George V. Irons, and Douglas 

E. Jones, Chairman, submits herewith the following Special Resolution: 

1. WHEREAS, the nation has been shocked by the lawless and unwar¬ 

ranted assassination of Dr. Martin Luther King, Jr., an act which all right- 

minded citizens regard as impeding the progress of race relations, be it 

therefore resolved: 

a. That the assassination of Dr. Martin Luther King, Jr. be deplored and 

condemned as a senseless act of violence and a crime against all 

society, an act which has served no cause of any man and has of¬ 

fered no constructive solution to any American problem; 

b. That we condemn without reservation all acts of lawlessness, murder, 

and destruction of property, and all other forms of defiance of the 

basic principles of law, order, and justice under law, for we have 

the deep conviction that all our hopes for a better life and for the 

enjoyment of the values of the American Way of Life and menaced 

in an atmosphere in which violence is believed by anyone to be a 

fitting course of action. 

319. Motion by Shatas, seconded by Hartman that the special resolution 

regarding the death of Dr. Martin Luther King, Jr. be accepted. Motion 

passed unanimously. 

NOMINATING COMMITTEE (DeJarnette) . See inside front cover. 

320. Motion by Fincher, seconded by Isbell that nominations be closed 

and that the nominees reported by the committee be declared elected to their 

respective offices. Motion passed unanimously. 

At this point in the meeting Miss Banks, Alabama Junior Academy of 

Science, read a resolution adopted by the Alabama Academy of Science. 

ADMISSION TO MEMBERSHIP (DeVall). 
Total Membership December 31, 1966 878 

Total Membership December 31, 1967 929 

Net Gain during 1967 . 51 

President Steele introduced the incoming President, Dr. Ruric E. Wheel¬ 

er and turned the meeting over to him. 

The President adjourned the meeting at 11:30 A.M. 

W. B. DeVALL, Secretary 
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Ecology Of Foraminifera From Mississippi Sound 
And Surrounding Waters 

JOHN B. ANDERSON 
Department of Geology 

University of New Mexico, Albuquerque 

INTRODUCTION 

The purposes of this study were to: 1) determine foraminifera that 

inhabit the shallow waters of Mobile Bay, Mississippi Sound, Heron 

Bay and Gulf waters around Dauphin Island, Alabama; 2) set up 

biofacies within these areas and study change between biofacies, and 

3) determine the role of salinity as seen in the difference between the 

biofacies. 

LOCATION AND DESCRIPTION OF AREA 

The area studied was typical marginal marine environment con¬ 

sisting of marshes, lagoons, bays, and beaches. It was located in north¬ 

eastern Gulf of Mexico extending from the west end of Dauphin 

Island, Alabama and including the western shore of Mobile Bay. The 

shallow sound and Gulf waters surrounding Dauphin Island were in¬ 

cluded in the area. Heron Bay is a small bay in the northeastern corner 

of Mississippi Sound which joins the sound with Mobile Bay through 

Heron Bay Pass (Plate 1). 

The bay and sound locations are marked by shallow depths and 

muddy bottoms. Turbidity is high throughout most of the year. Salinity 

in these waters may vary as much as 30 parts per mil over a period of a 

few days. Heron Bay is characterized by low salinities ranging from 10 

to 25 parts per mil under normal conditions of rainfall and runoff. The 

sound area is marked by a much greater average range of from 10 to 34 

parts per mil with higher salinities occuring near the open Gulf access 

areas and low salinity occurring toward the center of the sound. The 

Gulf environment is marked by fairly constant salinities averaging from 

30 to 34 parts per mil most of the year. 

METHOD OF STUDY 

Samples were collected from 40 different stations. Each sampling 

station was chosen in an area not exceeding ten feet in depth in order 

to eliminate depth as a factor of change. Salinity and temperature in¬ 

fo maiion was supplied by the Alabama Department of Conservation 

Marine Research Laboratory and the Federal Marine Research Labo¬ 

ratory at Dauphin Island, Alabama. Five environmental series were set 

up as shown in Plate 1. 
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Scale In mile# 

Each sample was split to 100 g. Those consisting mostly of silt and 

clay were washed in a 200 mesh wet sieve. Following cleansing of clay 

material by wet sieving, the samples were treated by the perchloro- 

thylene method to float the foraminifera and separate them from the 

included sand. 

A minimum of 300 organisms per sample was randomly counted 

and grouped according to species. The quantity of organisms per sam¬ 

ple was estimated by sight since only a small amount of sample was 

used. 

RESULTS AND DISCUSSION 

It was found that 6 biofacies could be set up within the area under 

study. Endemic populations for each environment were also ascertained. 

Species comprising one percent or more of the total population and 

their approximate percentage of an average sample of each series were: 

Mississippi Sound Series 

Elphidium gunteri (Cole) 46% 

Ammonia beccarii (Linn6) 41% 

Other species occurring in the Mississippi Sound area were: 

Ammobaculites salsus (Cushman and Bronnimann) 3% 

Elphidium incertum mexicanum (Kornfeld) 3% 
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Miliammina fusca (Brady) 1% 

Nonionella atlantica (Cushman) 1% 

Quingueloculina poeyana (d’Orbigny) 1% 

Triloculina trigonula (Lamarck) 1% 

Elphidium poeyanum (d’Orbigny) 1% 

Elphidium discoidale (d’Orbigny) 1% 

Elphidium (Other species) 1% 

Dauphin Island Beach Area 

Elphidium gunteri (Cole) 37% 

Ammonia beccarii (Linne) 25% 

Hanzawaia concentrica (Cushman) 13% 

Elphidium incertum mexicanum (Kornfeld) 11% 

Cibicidina strattoni (Applin) 5% 

Discorbis concinnus (Brady) 2% 

Quigueloculina semimulum (Linne) 2% 

Nonionella atlantica (Cushman) 2% 

Guttulina australis (d’Orbigny) 2% 

Triloculina sidebottomi (Martinotti) 1% 

Nonionella opima (Cushman) 1% 

Heron Bay 

Ammonia beccarii (Linne) 33% 

Ammobaculites salsus (Cushman and Bronnimann) 33% 

Elphidium gunteri (Cole) 16% 

Miliammina fusca (Brady) 13% 

Elphidium incertum mexicanum (Kornfeld) 5% 

Mobile Bay Area 

Ammonia beccarii (Linne) 41% 

Elphidium gunteri (Cole) 31% 

Miliammina fusca (Brady) 15% 

Ammobaculites salsus (Cushman and Bronnimann) 10% 

Elphidium incertum mexicanum (Kornfeld) 3% 

The series along the Gulf side of Dauphin Island was characterized 

by a greater diversity of species and relatively constant percentages of 

each major population. The consistently high salinity and stable en¬ 

vironmental conditions of this series were believed to be major factors 

determining these relatively stable populations. The Bay and Sound 

series, on the other hand, showed wide ranges in population percen- 
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tages from station to station, probably as a result of the wide range of 

environmental conditions in these areas (Figure 1). 

Ammonia beccarii (Linne) and Elphidium gunteri (Cole) com¬ 

prised the endemic population of the Mississippi Sound area. A. beccarii 

became more abundant toward the center of the Sound where salinity 

was lowest, being less affected by Gulf waters. These two species com¬ 

bined made up 87 percent of the total population in the Sound. Station 

MS-7 gave anomalous results due to local water contamination from a 

sewer outlet (Figures 2 and 3). 

Phleger (6) in his work on the foraminifera of Mississippi Sound 

west of Dauphin Island found that the Sound waters off the coast of 

Mississippi and Louisiana were marked by A. salsum (Cushman and 

Bronnimann) which he named as the endemic population. He also en¬ 

countered large populations of A. beccarii and Elphidium gunteri, but 

described these as open Gulf species which had been brought into the 

Sound by in flowing Cult waters. However, it is interesting to note that 

in the Sound waters behind Dauphin Island the concentration of A. 

beccarii is greatest away from the Gulf inlets (Figure 2). 

Parker, Phleger and Peirson (5) in their studies of the marginal 

marine waters of the Texas coast found E. gunteri and A. beccarii to be 

FIGURE f. Gulf sample series showing percentage of dominant species 

at the various stations. 

Elphidium gunteri (Cole). - 

Ammonia beccarii (Linne). 

Hanzawaia concentrica (Cushman). — + — + — + — + — + — 

Cibicidina strattoni (Applin). — • — • — • — • — • — • — • — ■ 

Ammobaculites salsus (Cushman).---- 

Miliammina fusca (Brady).- 
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FIGURE 2. West to east Mississippi Sound sample series showing percentage 
of dominant species at the various stations. 

Elphidium gunteri (Cole). - 

Ammonia beccarii (Linne). - - 

Hanzawaia concentrica (Cushman). — + — + — + — + — + — 

Cibicidina strattoni (Applin). 

Ammobaculites salsus (Cushman). —-— — 

Miliammina fusca (Brady).- 

FIGURE 3. North to south Mississippi Sound sample series showing per¬ 

centage of dominant species at the various stations. 

Elphidium gunteri (Cole). - 

Ammonia beccarii (Linne).- 

Hanzawaia concentrica (Cushman). — + — + — + — + — + — 

Cibicidina strattoni (Applin). — ■ — • — • — • — ■ — • — • — • 

Ammobaculites salsus (Cushman).-— —- 

Miliammina fusca (Brady).- 



266 Journal of the Alabama Academy of Science 

the dominant species. It is possible that the Mississippi Sound area of 

the Alabama coast is more nearly similar to that of the Texas bays, 

rather than Mississippi and Louisiana environments. 

The Heron Bay environment was found to be characterized by- 

large populations of Ammobaculites salsus and Ammonia beccarii. The 

lower salinity of this area and the fact that Ammobaculites salsus also 

occurs in the fresh waters of Mobile Bay are evidence of species’ pre¬ 

ference for low salinity (Figure 5). 

The Mobile Bay Series was characterized by 3 distinct biofacies, 

moving inland from the open Gulf to the fresher waters of the inland 

bay. A distinct Ammonia beccarii and Elphiclium gunteri facies was en¬ 

countered where the Gulf waters mixed freely with those of the Bay. 

Moving inland, an Ammobaculites salsus facies was encountered, and 

even further inland a Milliammina fusca facies was found. Plate 2 shows 

these facies and their relation to the isohaline lines maped by Walter 

Nelson (4) during the same time of the year (Figure 4). 

The results of this study corroborate the findings of Phleger (6), 

Bandy (1), and Parker et al. (5) on the Gulf Coast. Ellison, Nichols 

and Hughes (2) have encountered Elphidium and Ammobaculites facies 

characteristic of particular salinity conditions on the coast of Virginia. 

FIGURE 4. Mobile Bay sample series showing percentages of dominant 

species at the various stations. 

Elphidium gunteri (Cole). - 

Ammonia beccarii (Linne). 

Hanzawaia concentrica (Cushman). — + — + — + — + — + — 

Cibicidina strattoni (Applin). — • — • — • — • — • — • — • — • 

Ammobaculites salsus (Cushman).- 

Miliammina fusca (Brady).- 
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FIGURE 5. Heron Bay sample series showing percentages of dominant 

species at various stations. 

Elphidium gunteri (Cole). - 

Ammonia beccarii (Linne).-- 

Hanzawaia concentrica (Cushman). — + — + — + — + — + — 

Cibicidina strattoni (Applin). — ■ — ■ — • — ■ — • — • — • — • 

Ammobaculites salsus (Cushman).-— 

Miliammina fusca (Brady).- 

In drawing the conclusions listed below, it is not intended to pro¬ 

pose these as original findings, but rather as further evidence of the 

existence of distinct biofacies as resulting from different environmental 

conditions with special emphasis on the effect of salinity. It is hopeful 

that these findings may prove profitable in the construction of both 

recent and past environments. 

1. In the study of marginal marine environments, factors other than 

depth play a significant role in biofacies determination. 

2. Definite foraminiferal facies exist as a result of ranges in, and fluc¬ 

tuations of, salinity (Plate 2). 

3. Elphidium gunteri and Ammonia beccarii are indicative of condi¬ 

tions marked by fluctuating salinity with A. beccarii apparently able 

to withstand greater fluctuation and lower salinity than E. gunteri. 

4. Ammobaculites salsus and Miliammina fusca are indicative of low 

salinity environments with A/. fusca able to tolerate much lower 

salinities than A. salsus. 
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PLATE 2. Sketch showing relation of biofacies to isohaline lines for area. 

Salinity given in parts per thousand. Dashed lines show approximate 

biafacies boundaries. 
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Viscosities Of The 
Benzene-Perfluorobenzene System 

A. D. BEDSOLE and Z. L. TAYLOR, JR. 
Department of Chemical Engineering 
Auburn University, Auburn, Alabama 

INTRODUCTION 

It has been reported (3, 10) that benzene-perfluorobenzene mix¬ 

tures form a well defined 1:1 molecular complex with congruent melting 

points. Freezing-point data (10) for the mixture show two eutectic 

points occurring at mole fractions of 0.15 and 0.85 of perfluorobenzene 

with melting points at 0.5 C and —5.5 C, respectively. The system also 

forms a maximum melting point of 23.7 C for a mixture of equimolar 

quantities of the two substances. 

It has been suggested (10) that the complex formed is the result 

of a charge-transfer type interaction. However, a NMR spectra taken 

in this laboratory for pure benzene and a 49 mole percent benzene- 

perfluorobenzene yield spectra less than 1.0 percent of being identical, 

and showing no difference in the shape of the proton resonance line 

in either spectra. 

The excess volume of mixing as a function of composition has been 

measured at 40 C for mixtures of benzene-perfluorobenzene (4). The 

results show that the excess volume of mixing is positive with a maxi¬ 

mum occurring at 45 mole percent perfluorobenzene. 

The formation of two azeotropes in the benzene-perfluorobenzene 

system has been observed by Chinikamala (2). The existence of the 

double azeotrope is evidence of some unusual molecular interaction. 

The freezing-point diagrams (3, 10) and excess volumes (4) also show 

some unusual behavior. 

The purpose of this study was to determine the viscosity of the sys¬ 

tem benzene-perfluorobenzene, as a function of temperature and com¬ 

position, and to correlate the results in terms of one interaction term. 

MATERIALS AND METHODS 

Temperatures were measured using a copper-constantan thermo¬ 

couple. The thermocouple was calibrated at the freezing point and 

steam point of distilled water as well as the normal boiling point of 

n-hexane. A Leeds-Northrup (type K-3) potentiometer and a Honey¬ 

well model 3430 galvanometer were used to measure the temperature 
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to ±0.01 C. The reference junction was immersed in a stirred, crushed- 

ice bath. 

Densities were measured in 2 ml pycnometers. The pycnometers 

were calibrated with distilled liquid mercury over the temperature 

range used. The pycnometer calibration results were fitted by least 

squares-method to an equation of the form V = a + bh, where V is the 

volume in cc, h is a mean of the pycnometer arm readings, and a and 

b are constants. All weights were determined with an accuracy of 

±0.0001 g. The magnitude of the error was established by determining 

the difference in the density measured by two pycnometers. The pre¬ 

cision in the density measurements was of the order of ±0.0001 g 

per ml. 

Cannon-Fenske viscosimeters, calibrated by the National Bureau of 

Standards, were used to determine the viscosities. The viscosimeters 

were also calibrated over the temperature range by using a 10 ml sam¬ 

ple of distilled water and a National Bureau of Standards oil. All timing 

was done by stop watches. Chosen sample size was such that kinetic 

energy changes would be negligible and the transmittance was slow 

enough to insure all measurements well in the laminar region. All 

viscosities were determined with an accuracy of ±0.001 centistokes. 

A commercial viscosimeter oil bath and thermister-actuated con¬ 

troller were used to make all measurements. 

The benzene used was Fisher Spectro Analyzed Reagent (Thio- 

pene free; Fisher Scientific Company). The benzene was analyzed by 

gas-liquid chromatography and found to be more than 99.9 percent 

pure. It was used without further purification. The perfluorobenzene 

was obtained from Whittaker Corporation and was found to be 99.7 

percent pure by gas-liquid chromatography and was also used without 

further purification. 

A Beckman GC-2A chromatograph with thermal conductivity de¬ 

tector was used for analysis. A 6-foot column of Silicone 550 was used 

with helium as a carrier gas. The column was run at 100 C. 

The sample compositions were determined by refractive index 

measured at 30 C with a refractometer. The refractive index was read 

with a precision of ±0.0003 which gave uncertainties in the composi¬ 

tion of the order of ±0.04 mole percent. 

For following nomenclature, X, = mole fracture of perfluoroben- 

rcrc; X2 = mole fraction of benzene; ']] absolute viscosity in ccn- 

tipoise; O volume fraction; V„, molar volume of mixture cc g-mole; 

Au° interchange energy; K Boltzmann constant; R Gas law con¬ 

stant; and Alla = activation energy. 
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TABLE 1. Experimental density for C0Fd — C6Ht 

Cone. Density g./ cc 

x, 298 °K 308°K 318°K 328°K 

0.0000 0.8722 0.8617 0.8511 0.8410 
0.0815 0.9412 0.9300 0.9184 0.9072 
0.2100 1.0501 1.0371 1.0240 1.0110 
0.4002 1.1970 1.1822 1.1667 1.1515 
0.5163 1.2839 1.2675 1.2507 1.2341 
0.6132 1.3526 1.3346 1.3165 1.2986 
0.7720 1.4572 1.4376 1.4175 1.3977 
1.0000 1.6053 1.5828 1.5598 1.5372 

TABLE 2. Interaction term for density 

A 12 

298° K 308°K 318°K 328'K 

0.1297 0.1307 0.1310 0.1306 

RESULTS AND DISCUSSION 

Density 

Experimental values for the density of the benzene'perfluoroben- 

zene system at 25, 35, 45, and 55 C for different compositions are given 

in Table 1 and shown in Figure 1. The density of the mixture was cor¬ 

related as a function of composition at constant temperature by the 

following relation: 

(_ m — + C VKi + X1X2A12 (1) 

The term A,2 given in Table 2 is a function of temperature only. 

Reed (11) has shown that the pure component density as a func¬ 

tion of temperature can be correlated by the following expression: 

(Cm)' = A — BT (2) 

For the benzene-perfluorobenzene system it has been determined 

that the above relation can be used to correlate the mixture densities 

for a given composition, as shown in Figure 2. 

Viscosity 

The experimental values for absolute viscosity of the benzene- 

perfluorobenzene system at 25, 35, 45, and 55 C for different composi¬ 

tions are given in Table 3, and shown in Figure 3. The curves all show 

a negative deviation from an ideal mixing curve with a minimum oc¬ 

curring at approximately 20 volume percent of perfluorobenzene and 
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a linear increase between 50 and 100 volume percent of perfluoroben- 

zene. It was not possible to correlate within experimental accuracy this 

unusual behavior by any of the existing equations. However, pure 

component correlations for a given composition mixture as a function 

of temperature could be used to fit the data within experimental ac¬ 

curacy. 

Moelwyn-Hughes (9) gives the equation 

vm [V, + (TL ?/,) xvj [1 - Xa (1 - Xa) AU„~| 

L KTJ (3) 

as a relation for the viscosity of a mixture in terms of the pure compo¬ 

nent viscosities, composition, and temperature. This equation is derived 

from a solution model in which the molecules are of different size and 

the coefficient of interdiffusion is constant and independent of the com¬ 

position. A U° is the interchange energy which one molecule of either 

FIGURE 1. Density of C6F6 - C6Hf 

mixture versus mole % C6Ffc 

20 BO 100 
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kind acquires when it exchanges all its own neighbors for neighbors 

of another kind. 

I’he results for correlation of equation (3) with the experimental 

data give errors between the calculated and experimental viscosities 

of the mixture in the range of 4.66 to 0.05 percent. This difference 

exceeds the experimental error. There is a continuous increase in the 

Au° 
computed value of —with approach of concentrated solutions of 

^ ArT 
perfluorobenzene. The average value of-for the system was found 

to be -123.943. 

Tamura and Kurata (14) have proposed a relation for the viscosity 

of binary mixtures. Their equation is 

Yim = Xi*^i Y] i + 2 Y1 2 + 2 (xi1 (j i) ^-YJ12 (4) 

In this one-constant equation, Y! \i is an empirical constant for each 

FIGURE 2. Density" versus tempera¬ 

ture for C6F6-C6H6 mixtures 
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temperature level and is considered to vary with temperature in the 

same way as a pure viscosity (13). Values of f] )2 for the benzene- 

perfluorobenzene system are shown in Table 4, along with the errors 

TABLE 3. Experimental viscosity for C6Fft—C^H* 

Cone. H Absolute Viscosity (Centipoise) 

X, 298°K 308°K 318°K 328°K 

0.0000 0.5989 0.5231 0.4603 0.4125 

0.0815 0.5823 0.5083 0.4508 0.4040 

0.2124 0.5839 0.5100 0.4563 0.4024 

0.4046 0.6421 0.5564 0.4886 0.4337 

0.5174 0.6898 0.5945 0.5185 0.4586 

0.6031 0.7262 0.6238 0.5432 0.4798 

0.7801 0.7961 0.6808 0.5929 0.5221 

1.0000 0.8715 0.7472 0.6484 0.5717 

FIGURE 3. Absolute viscosity for C6F6 

— C6H6 Mixtures 

Volume % C6E6 



276 Journal of the Alabama Academy of Science 

between the calculated and experimental values for the viscosity of 

the mixture. 

Reed (11) has proposed the following relation for the viscosity 

of mixtures that are “ideal” in a thermodynamic sense 

In 7/mVm = X,lnV,77, + XAn\Jh. (5) 

This relation gives errors in the mixture viscosity on the order of 10 

percent. 

It was not possible to satisfactorily correlate the mixture viscosities 

as a function of composition. The equations that were used are based 

on relatively simple models which cannot take into account the com¬ 

plex interaction which seems to be present in this system. 

Eyring’s (5, 6, 8) rate process theory gives the absolute viscosity as 

a function of absolute temperature as 

A Ha 
K e-. 

RT 

If the experimental data follows this model, a plot of log 77 m 

1 
versus — for a given composition should give a straight line. The ex¬ 

perimental data were treated in this manner and the results are shown 

in Figure 4. It can be seen that this model predicts the temperature 

dependence of a constant composition mixture very well. An anomalous 

behavior was noted in that, for a given temperature, the compositions 

0.0815 and 0.2124 mole fraction of perfluorobenzene lie above the plot 

of pure benzene while all other compositions lie between the plots of 

pure benzene and pure perfluorobenzene. 

The experimental results in no way define the type of interaction 

that occurs between benzene and perfluorobenzene. However, the vis¬ 

cosity curves at constant temperature do show that there is some type 

of interaction in the liquid state. 

TABLE 4.—Interaction term for viscosity 

Temp 
°K 77 Range of % Error 

298 0.5899 4.27 0.24 

308 0.5088 3.67 0.02 
318 0.4536 2.59 0.13 
328 0.3990 3.16 0.01 



Viscosities of the Benzene-Perfluorobenzene System 

FIGURE 4. Log of absolute viscosity 

versus 1/temperature (°K) for C6F6— 

C*H6 mixtures 

33-55 32. U6 31.1»5 

1/T X 10' 

30.U9 

TABLE 5. Experimental and literature values (1) for the density and 

absolute viscosity of benzene 

BENZENE 

Temp. 

CK 

Absolute Viscosity (cp.) Density (g./ce) 

Lit. Exp. Lit. Exp. 

298 0.6028 0.5989 0.8737 0.8722 

308 0.5252 0.5231 0.8633 0.8617 

318 0.4629 0.4603 0.8535 0.8511 

328 0.412 0.4125 0.8414 0.8410 
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Biology 

Studies On The Transmission Of Maize Dwarf Mosaic Virus 

WILLIAM B. ATKINS, JR. and ROBERT T. GUDAUSKAS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Several species of aphids can reportedly transmit maize dwarf 

mosaic virus (MDMV). During 1967, corn fields throughout Alabama 

were surveyed to determine what aphids occur on corn. Particular at¬ 

tention was given to those areas where MDMV was known to occur. 

Representative samples of different aphid types encountered were test¬ 

ed in the greenhouse at Auburn to determine their efficiency as vectors 

of the virus. 

Four different species of aphids were identified in 40 collections 

from 15 countries. The aphids and percent of the total collection were: 

Rhopalosiphum maidis (Fitch), 82.5%; R. padi (L.), 10%; Schizaphis 

graminum (Rand.) 5%; and Anuraphis maidiradicis (Forbes), 2.5%. In 

11 greenhouse tests of vector efficiency with R. maidis, 9 of 594 aphids 

transmitted MDMV. Percent transmission within individual tests ranged 

from 0 to 8. In 3 tests with R. padi, none of 162 aphids transmitted the 

virus. S. graminum and A. maidiradicis were not tested. Preliminary 

tests of acquisition-transmission time of MDMV by R. maidis were in¬ 

conclusive regarding persistence of the virus in or on the vector. 

The Effects Of A Morphactin On Several Plants 

A. W. ATKINSON, JR. 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Studies were conducted to investigate the effects of 0.0 to 10 ppm 

concentrations of the morphactin IT3456 (methyl-2-chloro-9-hvdroxv- 

f.uorene-(9)-carboxylate) on alligatorweed (Altcrnanlhcra philoxeroides 

(Mart.) Griseb.), bean (Phaseohis vulgaris L.), soybean (Ghjcine max 

(L.) Piper), wheat (Triticum aestivum L.), and dwarf pea (Pisum 

sativum L.). 
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Stems of root- and foliar-treated alligator weed curved downward, 

internode elongation was inhibited, and leaf color darkened. Similar ef¬ 

fects were observed in treated beans. Foliar applications resulted in a 

reduction in dry weight and in stem elongation above the first true 

leaves. Leaves on treated plants became darker in color and irregularly 

curled. Considerable secondary growth was noticed at the cotyledonary 

nodes. Fresh and dry weights of tissue below the first true leaves in¬ 

creased, while those of tissue above, decreased. Cotyledons of treated 

soybean seedlings increased in fresh and dry weights and abscised 

much later than checks. 

Eight-day-old bean plants treated with gibberellic acid in combina¬ 

tion with equal concentrations of IT3456 showed some reversal of the 

effects of morphactin. Beans treated with morphactin at time of germi¬ 

nation showed a suppression of lateral root development and a ten¬ 

dency of roots to exhibit negative geotropism, in addition to those 

general effects previously noted. The above effects were not reversed in 

the presence of gibberellic acid. 

Wheat coleoptile sections exhibited an increase in elongation for 

certain concentrations of IT3456 while others suppressed elongation. 

A preliminary study suggests that IT3456 is inactive in suppressing 

the emergence of flowers in dwarf pea. 

The Upper Tombigbee River: Its Biological Future 
As A Part Of The Tennessee-Tombigbee Waterway 

RICHARD D. CALDWELL 

Department of Biology 

Alabama College, Montevallo 

The Tennessee-Tombigbee Waterway is a proposed connection be¬ 

tween the now navigable Tennessee and Warrior-Tombigbee Water¬ 

ways. This connection was first conceived in 1824. Since that time, 

several routes have been suggested, but the Tombigbee River-Yellow 

Creek route through Northeast Mississippi is the most feasible due 

to its low divide and its relative lack of consolidated rocks. 

There will be five major dams with locks on the route: at Gaines¬ 

ville, and Aliceville, Alabama; and at Columbus, Aberdeen, and Bay 

Springs, Mississippi. Between Aberdeen and Bay Springs there will be 

a canal parallel to the existing river with five more locks. Each lock and 

dam will raise the water level an average of 30 feet, with the exception 

of the Bay Springs Lock and Dam, which will have a lift of 84 feet. 

The navigation channel will be dredged out to a depth of 12 feet and 

a width of 300 feet in the river and canal sections below the Bay 
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Springs Lack and Dam. The channel in the 39-mile-long divide cut 

from the Bay Springs pool to Pickwick Lake will be 12 feet deep and 

280 feet wide. The maximum cut in the divide section will be 174 feet. 

A five-mile-long section in the divide cut will have an average excava¬ 

tion depth of 75 feet. The cut will require removal of approximately 16.5 

million cubic yards of material. The current estimate of first cost of 

construction of the complete waterway is $316 million. 

The Tombigbee River above the Demopolis pool is still in relatively 

wild condition. There are no impoundments or cutoffs and little pollu¬ 

tion. The regions through which the river flows are all farming or forest 

areas with little to disturb the natural beauty of the river. The river 

is not large; rarely as much as 300 feet wide or 12 feet deep, except 

during floods. There are frequent bars and shoals covered with gravel. 

A diverse assemblage of fishes lives in the very slow to very swift cur¬ 

rents in the river. Mackeys Creek, where the Bay Springs Lock and 

Dam will be constructed, is in a largely forested area. This is one of the 

few places in Mississippi where the Paleozoic rocks are exposed. This 

creek is small and typically alternates between riffles and pools. The 

scenery is quite spectacular for this part of Mississippi. The waterway 

will virtually destroy this area. Yellow Creek, on the Tennessee River 

side of the divide, is quite small. It is only about 50 feet wide just above 

the part covered by Pickwick Lake, and in most places, is no more than 

10 feet wide and is usually less than 3 feet deep. 

Construction of the Tennessee-Tombigbee Waterway will drasti¬ 

cally alter the environment. As biologists, we have obligations to our 

fields of study, ourselves, and to society in general which we cannot 

dismiss. Can we let the ecology of an area be radically altered without 

having made some attempt to find out what the conditions were before 

the change? Without such studies prior to environmental changes, we 

can only speculate as to what the community was like before the 

changes. In many cases, such as the Upper Tombigbee River, we have 

little if any specific knowledge of the organisms which live in the area, 

much less what their ecological relationships are. We are changing the 

environment so rapidly and so radically that we must take action now. 

If we do not move now, we will never be able to go back to the original 

situation. Once we alter an area, it is too late. It is gone forever. 
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Distribution Of The Blood Antigens Among The Seeoya Indians 
Of Eastern Tropical Ecuador 

BURCH G. CAMERON and WALLACE L. SWANSON 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

Eight antigenous systems were tested on 48 samples in the Seeoya 

tribe. In the ABO system all 48 samples were type O. In the MNSs sys¬ 

tem 100% had the M antigen. Tests with the Mittenberger antigen were 

completely negative. In all the Martin tests Mta was also negative. In 

the Rh Hr system CCDee was most prevalent (50.0%), and 45.8% had 

the E gene. In the Lewis system Lea=0.0%. All Seeoya examined were 

Kell-negative. The Fya phenotype of the Duffey system was 85.4%. The 

results of these tests indicated the possibility of a high degree of racial 

purity. 

Effect Of The Herbicide Prometryne On Growth and Reproduction 

Of Fusarium oxysporum f. vasinfectum In Soil Culture 

B. K. CHOPRA, E. A. CURL, and H. H. FUNDERBURK, JR. 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Laboratory studies were conducted to determine the effect of 

prometryne (2, 4-bis (isopropylamino) -6unethylmercapto-.s-triazine) on 

growth and sporulation of F. oxysporum f. vasinfectum in soil. The 

fungus was established in 250-ml flasks containing 100 g of previously 

sterilized sandy loam soil. Technical grade prometryne was applied to 

provide concentrations of 0, f, 5, 10 and 20 fig/g of oven-dry soil, and 

the cultures were incubated at 25C. Evolution of C02 was measured at 

intervals of 3, 6, and 9 days, and other growth-related variables were 

determined at the end of the incubation period. Spore production was 

estimated at 5 and 10 days. 

Total C02 production by the fungus at each sampling date was 

significantly greater for the 20-/xg/g herbicide treatment than for the 

check or other concentrations. Amounts below 20-^ug had little effect. 

The herbicide had no significant effect on N03-N uptake by Fusarium, 

but utilization of inorganic phosphorus was reduced in the 20-/xg/g 

treatment. Production of acids was negligible in all treatments, and no 

significant effect on soil pH was observed. Conductivity values for the 

20-/xg treatment were higher than those for other treatments, pro¬ 

bably reflecting more residual phosphorus in the soil. Spore density in 

the soil increased significantly in the treatment with 20 /xg/g of prome- 
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tryne after both 5 and 10 days of incubation, but was little affected 

by lower concentrations. These results indicated that prometryne near 

recommended commercial field rates had little effect on F. oxysporum 

f. vasinfectum, but growth and reproduction were enhanced at higher 

concentrations. 

Effect Of Temperature, Relative Humidity And Time 
On Aflatoxin Production In Unsterile Peanuts 

U. L DIENER and N. D. DAVIS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Cured, shelled and unshelled Early Runner peanuts were incubated 

in controlled environment cabinets at several combinations of tempera¬ 

ture and relative humidity (RH) after inoculation with spores of 

Aspergillus fluvus. Temperatures ranged from 8 to 49 C in combination 

with 9S±1% RH, and RH was varied from 70 to 99% at 30±Yi C. Sam¬ 

ples removed after 7, 21, 42, and 84 days were assayed for aflatoxin, 

free fatty acids (FFA), and peanut kernel moisture. Aflatoxin was 

formed in sound mature kernels at 40 and 14 C, but none was formed 

at 41 C in 21 days or at 12 C after 84 days in 98±1% RH. The limiting 

temperatures for aflatoxin formation in kernels of peanuts incubated 

with intact shells was 41 C in 21 days and 16 C in 84 days. The limiting 

RH for aflatoxin production in sound mature kernels at 30 C was 84%, 

whereas in kernels from unshelled peanuts it was 86% for 84 days incu¬ 

bation. FFA formation was correlated with fungal growth rather than 

with aflatoxin production. 

Diseases Of The Blood Among The Secoya And Cofan 
Indians Of Ecuador 

JOHN F. DISMUKES and WALLACE L. SWANSON 

Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

Although only one active case of malaria was found in both tribes, 

controlled cases were reported in 77.4% of the Secoya and 13.8% of the 

Cofan. No other blood parasites were found. Anemia was a significant 

problem in both tribes with 83.1% of 89 Secoya examined being anemic 

and 71.6% of 53 Cofan being anemic. Anemia was greatest in young 

children, but lessened somewhat in middle age in the Secoya and 

throughout life in the Cofan. 
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An attempt was made to correlate hookworm infection (caused by 

Necator americanus) with anemia. It was found that there was neither 

a significant number of persons who had both hookworm and anemia, 

nor was there a significant difference in the number of anemic and non- 

anemic persons in the hookworm infected population. In addition, few 

of the anemias that were present in those infected with hookworm were 

of the type characteristically associated with hookworm. Therefore, this 

work was not adequate to prove the connection. Quantitative determi¬ 

nation of hookworm burden per individual may yet show this con¬ 

nection. 

Comparison of the classes of anemias found, based on red blood 

cell characteristics, indicates differing etiologies of the anemias in the 

two tribes. The high incidence of the hypochromic anemias in the 

Secoya suggests the major causes to be infections in general and spiro- 

ehaete and parasitic infections. Among the Cofan, the prevalence of 

macrocytic anemias indicates that malnutrition is the major cause of 

anemia. 

Acid And Alkaline Phosphatases, Carboxylic Ester Hydrolases, 

Leucine Aminopeptidase, And Succinate, Lactate, And 

Glucose-6-Phosphate Dehydrogenases In 

Eimeria sticdao (Sporozoa: Coccidia) 

JOHN C. FRANDSEN 

USDA Regional Parasite Research Laboratory 

Animal Disease and Parasite Research Division, Auburn, Alabama 

Cytochemical studies of these enzymes were conducted on tropho¬ 

zoites, schizonts, merozoites, gametocytes, gametes, and unsporulated 

oocysts of E. stieclae (Lindemann, 1865) Kisskalt and Hartmann, 1907, 

a parasite of the liver of rabbits. The enzymes other than dehydro¬ 

genases were demonstrated using azo dye methods after glutaraldehvde 

fixation of frozen sections. The dehydrogenases were demonstrated in 

fresh frozen sections with nitro-blue tetrazolium. 

Cytochemical evidence for the occurrence of all of these enzymes 

except leucine aminopeptidase was found in all stages of the parasites. 

The distribution of acid phosphatase corresponded to that expected for 

a lysosomal enzyme, and that of succinate dehydrogenase to that of 

mitochondrial enzyme. The other enzymes occurred in the cells in a 

manner suggesting general cytoplasmic distribution, in the reference 

frame of light microscopy. No consistent association with cellular 

structures was observed. Succinate dehydrogenase was not detected 
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in a large proportion of sexual stages or unsporulated oocysts, but was 

found in all asexual stages. This result contrasts with the cytochemistry 

of E. intestinalis, which parasitizes the intestinal epithelium of rabbits, 

as reported by T. V. Beier (1965. Second Inter. Conf. on Protozool., 

London) who reported that the schizonts and sexual stages showed no 

evidence of this enzyme. 

The results of the present study suggested that the endogenous 

stages of E. stiedae possess enzymes capable of hydrolyzing orthophos- 

phoric monoesters (specifically 6-bromo-2-hydroxy-3-naphthol-o-anisi- 

dine phosphate) and carboxylic esters (specifically 2-acetoxy-3-naphthoic 

acid anilide or 3-hydroxy-2-haphtho-o-toluidide). The experimental pro¬ 

cedures excluded demonstration of all carboxylic ester hydrolases (CEH) 

completely inhibited by eserine at 2 X 10'6M. All of the stages possessed 

CEH resistant to the eserine, but differentiation among stages was ob¬ 

served in respect to eserine-resistant CEH also resistant to diethyl 

P-nitrophenylphosphate (10'°M), and inhibited or activated by p- 

chloromereuribenzoate (10‘4M). 

The dehydrogenases detected in E. stiedoe are of importance in 

intermediary metabolism in many cells, with lactate dehydrogenase 

catalvzing the interconversion of lactate to pyruvate, pyruvate being a 

component of the Emden-Mayerhoff pathway, glucose-6-phosphate de¬ 

hydrogenase being the first enzyme involved in the “hexose monophos¬ 

phate shunt,” and succinate dehydrogenase playing a key role in elec¬ 

tron transfer in the Kreb’s cycle of phosphorylating glycolysis. Positive 

conclusions regarding the presence and nature of these metabolic routes 

in E. stiedae must await further cyto- and biochemical investigations. 

Evaluation of Hypophysectomy Techniques 

PAULINE KING LONG 
Jefferson State Junior College 

Birmingham, Alabama 

The two hypophyseal techniques most commonly used are the 

parapharygeal approach first introduced by Philip E. Smith (1927, 

1930) and the transauricular procedure of Koyama (1931) and Tanaka 

(1955). Both of these techniques have been modified in their use on 

white mice. The operations can only aim at the removal of the pars 

distal is, pars intermedia and part of the pars tuberalis of the adeno¬ 

hypophysis and the infundibular process of the neurohypophysis. The 

complete ablation of these important parts of the pituitary gland is 

difficult because: (1) the gland is not easily accessible and cannot be 

made visible in toto, (2) all glandular tissue cannot lie removed bv 
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suction, and (3) injury to the brain and ear tissues results. Much time 

and effort have been spent trying to perform the operation to avoid 

these difficulties. 

The parapharygeal operation may be divided into three steps: 

(1) the exposure of the bone underlying the pituitary gland, (2) the 

opening and removal of this bone by means of a dental drill, and (3) 

the removal of glandular and connective tissue. In transauricular ap¬ 

proach, a hypodermic needle is inserted through the left auditory 

canal at the proper angle to follow the bony canal until the medial 

wall of the periotic capsule, near the occipital sphenoidal suture, is 

reached; the thin bone is perforated by the free end of the needle; and 

slow suction is applied when the needle is about 2 mm beyond the 

perforation. The parapharygeal operation requires about 15 min. and 

the transauricular procedure about 30 sec. In both, there is maximal 

injury to nerves and blood vessels. The brain and the middle ear can 

be damaged during the transauricular operation. Unless there is middle 

ear injury, the animal usually recovers from the operation. 

Although the three parts of the pituitary gland can usually be 

seen, some glandular tissues are very often left. Criteria (usually un¬ 

reliable) used to determine lack of such tissues are: decrease in bodily 

weight and activities, and reduction in size of hypophysial target organs 

such as gonads, adrenals, thyroid, tibial cartilage and plasma corticos¬ 

teroids. The completeness of hypophysectomy can be judged only from 

microscopic examination of thin, serial sections through the region of 

the hypophysial capsule, the pituitary stalk and adjacent tissues. The 

success of the operations depends on the experimentor’s training, skill, 

and patience. 

Preliminary Studies On The Effect Of Maize Dwarf Mosaic 
Virus On Nitrogen Metabolism In Corn 

ROBERT W. McCORD and ROBERT T. GUDAUSKAS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

The total nitrogen content of roots and leaves of seedling corn, 

Zea mat/s ‘Stowell’s Evergreen,’ was determined at intervals up to 10 

days after inoculation with an Alabama isolate of maize dwarf mosaic 

virus. Ammonia-, nitrate-, and nitrite-nitrogen content were determined 

in roots and leaves to 10 days after inoculation. Plants were grown in a 

controlled-environmental chamber and inoculated by the carborundum- 

gauze pad technique. No detectable change in total nitrogen of inocu¬ 

lated leaves occurred, but a 3% increase in total nitrogen was detected 
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in the newly emerged 3rd leaf. This increased to 8% by the 10th day 

after inoculation. A similar increase was measured in the 4th and 5th 

leaves upon emergence. Total nitrogen in roots of inoculated plants 

was 2% higher than that of healthy plants at 1 day after inoculation, and 

rose to 11% higher by the 10th day. At the end of 10 days, free ammonia 

content of infected seedlings was 22 and 24% lower in the roots and 

3rd leaf, respectively, than in comparable healthy tissue. Little or no 

change was detected in the nitrite content of infected seedlings, but 

nitrate content was 10 to 30% higher than in healthy seedlings. 

Further Identification Of Flavonoid-Like Compounds 

In Avena Coleoptiles 

WILLIAM L. MILLS and JAMES H. M. HENDERSON 

Carver Research Foundation 

Tuskegee Institute, Tuskegee, Alabama 

Flavonoids are a series of related water soluble phenolic glyco¬ 

sides having a common basic structural unit, the C,s skeleton of flavone. 

Recently, a flavonoid found in Pisum sativum has been shown to be of 

pathological significance in plants. Also, recent investigations have 

shown that certain flavonoids act as cofactors or inhibitors of indole-3- 

acetic acid oxidase, the enzyme believed to oxidatively destroy indole- 

3‘acetic acid (IAA). Mumford and co-workers found that quercetin 

glycosides inhibited IAA-oxidase and low concentrations of kaempferol 

triglueosides were natural inhibitors of the same enzyme in the buds 

of etiolated pea seedlings. Our research is especially concerned with the 

characterization and identification of the flavonoids found in Avena 

seedlings which may play a role in the in vivo metabolism of IAA. In 

order to carry out these objectives it was necessary to isolate, fractionate 

and identify the flavonoids which take part in these reactions. Among 

these are the glycosides of the flavonoids quercetin, kaempferol and 

then- para-coumaric acid derivatives. Plants were grown in vermiculite 

in a dark room for 8 days and coleoptiles were harvested and extracted 

according to the procedures of Bottomley, Smith and Galston. Column 

and paper chromatography were also carried out by their methods. UV 

absorption spectra were obtained with a Beckman DK2A Spectropho¬ 

tometer for kaempferol, quercetin and pr/ra-coumaric acid. When the 

flavonoid extract was applied to a silica gel column and eluted with 

solvent B, 3 compounds were differentiated on the basis of mobility: a 

fast moving compound with an absorption maxima at 227 mju, a slower 

moving compound at 276 mp, and the slowest at 267 m/x. Finally, the 

column was eluted with solvent C and only one peak was detected at 
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272 m/a. Chromatographic data were obtained by descending paper 

chromatography as described by Bottomley, Smith and Galston. The 

unknown flavonoid complex at 267 m/x gave an RF of 0.43, which cor¬ 

responds with 0.43 reported by Furuya and Galston for kaempferol 

triglucoside eoumarate. Its UV absorption at 267 m/x corresponds with 

the 267 m/x of authentic kaempferol. Its p-coumaric acid derivative 

gives a shoulder at 314 m/x corresponding with the 312 m/x absorp¬ 

tion maxima of p-coumaric acid. The results are evidence for the pres¬ 

ence of kaempferol trigeucoside eoumarate in Avena coleoptile. 

Occurrence And Distribution Of A Hydroid Commensal 

Associated With The Coquina, Donax variabilis 

D. VIRGINIA NANCARROW and EVERETT L. BISHOP 

University of Alabama, Tuscaloosa and Birmingham 

An interesting association exists between a hydroid and the pele- 

cypod, Donax variabilis, occurring at the water’s edge on the Gulf of 

Mexico beach of Dauphin Island, Alabama. All clams do not bear the 

hydroid, but on those clams on which it is found there are numerous 

specimens with profuse growth. Random collections were made in June, 

July and December, and the specimens were examined to determine 

die presence, amount of growth and location of the hydroid. Based on 

the data provided by this study, the following observations were made: 

1. The hydroid may be identified as Clytia bakeri Torrey with the 

reservation that it may warrant, at least, subspecies status. 

2. The normal percentage occurrence of this hydroid on D. vari¬ 

abilis would, under average weather conditions, be about 3%; a 6% oc¬ 

currence noted in the December collection probably resulted from con¬ 

tinuation of the reproductive cycle and continued growth made pos¬ 

sible by mild weather. 

3. Planulae settle on various parts of the clam, but only those that 

settle on the posterior shell margin survive to mature growth. This lo¬ 

cation provides necessary environmental conditions for survival, the 

major limiting factor possibly being food which is more abundant in 

the water current through the siphons at the posterior shell margin. 

Survival on the posterior margin may also result from the fact that in 

this area the hydroid may be subjected to less abrasive action from 

the sand. 

It is possible that the occurrence of the hydroid on Donax is great 

enough to prevent a severe decrease in reproductive potential of the 
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clams as a result of trematode infection if the larval parasites are used 

as food, if not significant in effecting the maintenance of a constant 

population. 

The Effect Of Ca++ Titer On Perfused Intestine 
Exposed To Endogenous Serotonin 

CHARLES PATTERSON and KENNETH OTTIS 
Department of Zoology-Entomology 

Auburn University, Auburn, Alabama 

Intestinal perfusion experiments were conducted to determine the 

optimal Ca++ titer in the perfusate that could result in maximal con¬ 

tractility of the normal untreated intestine. Endogenous serotonin was 

then released and intestinal segments perfused in Locke’s solution con¬ 

taining the optimal Ca++ titer and the results noted. In the untreated 

animal it was found that maximal contractility was obtained with a 

perfusate containing twice the normal recommended Ca++ titer. Du¬ 

odenal segments from animals in which endogenous serotonin had been 

released demonstrated 83% greater activity than did serotonin released 

segments perfused in Locke’s solution containing the 2.2 milliosmole 

Ca + + titer as recommended in the literature. 

Drug Induced Chromosome Breakage In 

Drosophila melanogaster 

KATHRYN SIMPSON, NETA COESTER, 
KENNETH OTTIS, and J. E. WATSON 

Department of Zoology-Entomology 
Auburn University, Auburn, Alabama 

Larvae of Drosophila melanogaster were treated with three drugs, 

serotonin, digitalis, and enovid, and the effect of these drugs on chromo¬ 

some breakage in the salivary gland cells was observed. Live percent 

agar solutions of each of the drugs were prepared in 3 concentrations 

and poured over media in petri plates. Lour plates were prepared for 

each of the three levels per drug. Controls were plates containing un¬ 

altered media. Thirty eggs collected from wild type D. melanogaster 

were placed on each plate. In each case all eggs hatched and the larvae 

were allowed to feed on media containing the drugs. Percent mortality 

during the larval stage was calculated. This data, however, proved 

inconclusive with respect to effect of drug and drug level on larval 

death. When the larvae reached the third instar, squash slides of the 

salivary glands were prepared. This involved dissection of the salivary 
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glands, staining with a synthetic orcein stain, and application of heavy 

manual pressure to squash the cells and spread the chromosomes. 

Observance of the nuclei that were squashed sufficiently to allow 

distinction between normal and abnormal chromosomes revealed a 

number of breaks including inversions, translocations, deletions, and 

duplications. Photographic slides of several of these breaks were made. 

The data indicated an apparent effect of serotonin and digitalis, at the 

dosage levels used, to induce chromosome breakage in D. melanogaster. 

Enovid apparently had no chromosome breaking effect at the dosage 

level used. The results of this study, especially with respect to the ef¬ 

fect of serotonin, are interesting when considered in light of research 

being conducted involving the effect of LSD (which is closely related 

structurally to serotonin) in producing inheritable cytogenetic abnor¬ 

malities. 

Ecology And Morphology Of The Peanut Leaf Scorch Fungus 

FERNANDO J. SUBIRATS 

Department of Botany and Plant Pathology 

Auburn University, Auburn, Alabama 

Studies were conducted during 1966-67 on the ecology and mor¬ 

phology of the peanut leaf scorch fungus, Leptosphaerulina arachidicola 

Yen, Chen, and Huang. Surveys showed the pathogen to be prevalent 

throughout the growing season in Barbour, Coffee, Covington, Cren¬ 

shaw, Dale, Geneva, Henry, Houston, and Pike counties. No differences 

in varietal susceptibility as measured by lesions per leaf were recorded 

in any of the nine counties. In Henry County, infection intensity in¬ 

creased from light to heavy as the season progressed. Defoliation on 

mature leaves occurred in some instances on Early Runner variety late 

in the growing season. Pathogenicity of the fungus was demonstrated 

in greenhouse tests by inoculation with ascospores. This resulted in 

defoliation of immature young leaves within 2' weeks. Symptoms in 

the field and greenhouse varied from an initial fleck or pepper-like 

spot to a severe leaf scorch. Lesions were irregular in shape, numerous, 

and eventually formed a diffuse net blotch. 

Leptosphaerulina arachidicola is an ascomycete in the order Dothi- 

deales and family Pseudosphaeriaceae, which forms small, spherical, 

and dark ascocarps. Characteristic features are thick-walled bitunieate 

asci arising singly and successively within a centrum parenchyma. 

Both phragmosporous and muriform ascospores can be found in the 

same ascus. The ascospores are typically hyaline, surrounded by a 

gelatinous sheath and become brown soon after discharge. Production 
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of ascospores occurs only when the fungus is exposed to light, whereas 

cultures in darkness produced only ascostromata. The imperfect stage 

of the fungus is presently unknown, and preliminary study indicates 

that it may be an Alternaria sp. 

Some Interesting And Valuable Plants Of Alabama 

BLANCHE E. DEAN 

Birmingham, Alabama 

Some authorities say that Alabama is unexcelled in the number of 

species and varieties of plants except by Florida, Texas and California 

which have a mingling of tropical plants. It is not my purpose to go 

into the factors which make Alabama so rich botanically; however, I 

would like for each of you and especially those who are new to the 

state to be reminded of the wealth of flora right within our doorway. 

Witness: the destruction of flora by channellization, draining 

marshes, construction of lakes, dams, highways, housing projects, shop¬ 

ping centers, etc. Our beauty spots are going fast! Our rare species are 

or may be in the path of the bulldozer. I ask you, do we have a right 

to cause the extinction of any plant or animal? God made a beautiful 

world and left it in our custody. What poor stewards we have been. 

Many cities, towns, schools, churches, and organizations have built 

nature trails and centers to combat the destruction. The process is too 

slow. Time is running out. I plead with you as citizens, leaders, teach¬ 

ers to show concern, to become involved while we still have some¬ 

thing to save. 

I would like to mention a few of our rare flowers worth knowing 

better, such as the Dutchman’s breeches Dicentra cucularia, Shooting 

star Dodecatheon meadea, American lotus Nelumba lutea, trailing 

arbutus Epigaea repens, some of our orchids and habenarias, and 

Andrachne phillanthoides recently discovered near the Locust Fork of 

the Sipsey River (first finding east of the Mississippi River). Also, we 

have Harper’s ginger, Hexastijlis speciosa. It was supposed to be limited 

to Autauga County, but we found it near Maplesville in Chilton 

County. This wild ginger is most attractive. Two lovely, indigenous 

shrubs are Croton alabamensis and Neviusia alabamensis. They should 

be advertised and shown off as ornamental shrubs in our highway beau¬ 

tification projects. When you travel through a new area wouldn’t you 

like to know and see the things peculiar to the area or region? There 

are some other plants which should be better known and used in the 

medians along the highways, e. g., the red buckeye, Acscidus pavia, and 

the white buckeye A. parviflora. Alabama has more of these shrubs 
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than the rest of the world combined, as it has also of the wild hydran¬ 

geas. Many people know the seven-bark or oak-leafed Hydrangea 

quercifolia but few know II. arborescens, sometimes called nine-bark. 

Do you know that II. quercifolia is not even mentioned in the FLORA 

of the Carolinas? It does grow in Tennessee, Mississippi, and Georgia. 

It is lovely and beautiful even when dry in the winter months. Of 

course, the azaleas should beautify the medians and the picnic areas. 

We have several species which grow in different habitats, but one 

especially lovely is Azalea (Rhododendron) alabamensis. It grows on 

dry hillsides and seems to be ideal for medians and nature trails. 1 

cannot fail to mention our deciduous hollies and magnolias which surely 

would add to the beauty of the highways. Then, there is the Anise 

shrub, Illicium floridanum, and also the sweet-leaf or horse-sugar 

Symplocus tinctoria. These are rare in some places but fairly common 

in Alabama. No discussion would be complete without mentioning our 

lovely native tea or camellia shrubs. They are known as Stewartias, 

named for John Stuart, and there are two species in Alabama; the 

silky camellia, Stewartia malacodendron, and the mountain camellia, S. 

ovata. While I have nothing against the Japanese camellias I am against 

their being our state flower when we have such lovely indigenous and 

rare flowers. I cannot see why stewartia, or azalea, or Alabama croton, 

or Neviusia, or a magnolia or a hydrangea would not appeal to all 

citizens. 

Chemistry 

Determination Of Polyethylene In Wax Mixtures 

CLYDE G. FORD and L. J. BREITHAUPT, JR. 

Erling Riis Research Laboratory 

International Paper Company, Mobile, Alabama 

A simple technique has been devised for the quantitative separation 

of small amounts of polyethylene from polyethylene-wax blends. The 

analysis is particularly well suited for the study of paper coatings and 

is based on the differential solubility of wax and polyethylene in carbon 

tetrachloride at two different temperatures. No special equipment is 

required and the components are recovered in a relatively pure form 

suitable for further study. 
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Chemical Education In East Pakistan 

LEVEN S. HAZLEGROVE 
Samford University, Birmingham, Alabama 

In a land that has a population of sixty million people in an area 

the size of the state of Alabama, part of which is inundated many months 

of the year during the Monsoon season, chemical education is suffering 

the growing pains that America experienced after World War II and 

after Sputnik. Progress is being made but the large numbers in chemistry 

classes, with limited laboratory facilities, make the problem almost in¬ 

surmountable. Encouraging results were obtained during the summer of 

1967. Under the leadership of Dr. Karl Lauer, Professor of Chemistry, 

University of Alabama, and the author, an experimental Chemistry In¬ 

stitute Program, similar to the one begun in the United States ten years 

ago, was held at the University of Rajshahi in East Pakistan. With the 

help of USAID at the college level and projected interest of the Ford 

Foundation at the high school level, much can be done to stem the tide 

of the communist influence and push ahead chemical education. 

Synergistic Effects In The Complexing Of Iron (III) 
By The Phenylphosphonate Diesters 

WILLIAM HERBERT MARTIN and W. R. MOUNTCASTLE, JR. 
Department of Chemistry 

Auburn University, Auburn, Alabama 

Much higher extraction coefficients have been observed for mixtures 

of di(2-ethylhexyl)orthphosphoric acid and tributyl phosphate in sol¬ 

vent extraction than for either reagent at a high degree of purity. The 

effect is enhanced by the presence of dibutylbutylphosphonate and/or 

tributylphosphine oxide (Irving, H. and R. J. P. Williams. 1961. Liquid- 

liquid extractions. In Separation Methods in Analytical Chemistry. Inter¬ 

science, New York-London). Such effects have been called synergistic 

effects. 

A similar effect has been noted with the phenylphosphonate diesters 

as complexing agents for the solvent extraction of Fe(IlI) in acidic, 

chloride media using a 4:1 cyclohexane-cyclohexanone mixture as the 

organic solvent. Studies are being continued in an attempt to determine 

possible causes for this effect, i.e.: (a) decomposition of the complexing 

agent, (b) mixed solvent effect, (c) combinations of effects. (Research 

sponsored by a grant from the Auburn University Faculty Development 

Fund). 
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The Mechanism Of Complexing By Phenyl-Phosphonate Diesters 

W. R. MOUNTCASTLE, JR. 

Department of Chemistry 

Auburn University, Auburn, Alabama 

fn general, the extraction of Fe(III) in acidic, chloride media can 

be explained by the association of some “onium” cation, such as R4N+, 

with the tetrachloroferrate anion, FeCb4. The resulting R4N+, FeCl‘4 

is made water insoluble and organic soluble by varying the organic char¬ 

acter of R. In a number of instances a similar mechanism can be used to 

explain the activity of phosphine oxides, phosphinites, phosphinates, 

and phosphonates as complexing agents for nitric, perchloric, hydro¬ 

chloric, chromic acid, etc. 

For the complexing of Fe(lII) in acidic, chloride media by the 

phenylphosphonate diesters such a mechanism is an oversimplification. 

If one assumes the formation of a cation by protonation of a single 

molecule of the phenylphosphonate diester and subsequent association 

with FeCb4, the resulting molecular weight, 469 g., is less than that 

found for the di-butyl phenylphosphonate complex, 680-700 g. Alter¬ 

natively, protonation of a dimer of the complex results in a molecular 

weight of 730 g., a rough fit, but a %-CI of 19.2 v.s. 14.6-14.7 (found). 

In addition, IR and UV spectral data of the Fe(III) complex v.s. 

the Cr(VI) complex of the phenyl phosphonate diester differ in the 

fine structure of the phenyl band for UV and in the P O band for IR. 

The Fe(III) complex shows very strong solvent effects in the UV spec¬ 

tral data. (Research supported in part by a grant from the Auburn 

University Faculty Development Fund and in part by NSF-URP grants 

No. G.E. 6416 and G.Y. 250 to the Department of Chemistry, Birming¬ 

ham-Southern College, Birmingham, Ala.) 

Dissolution Of Thorium Oxide 

J. F. PHILLIPS, JR. and H. D. HUBER3 
Battelle Northwest Laboratories 

Richland, Washington 

A least squares quadratic equation was developed for predicting 

relative thorium oxide dissolution rates as a function of nitric acid, 

thorium nitrate, aluminum nitrate and hydrofluoric acid concentra¬ 

tions. Dissolution rates were found to be directly proportional to nitric 

acid concentration and inversely proportional to aluminum nitrate and 

thorium nitrate concentration. In the absence of aluminum and thorium 
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nitrates, the dissolution rate passed through a maximum at 0.055 M 

hydrogen fluoride. (Based on work performed under United States 

Atomic Energy Commission Contract AT( 45-1) 1830). 

a Presently, Florence State University, Florence, Alabama, and University 

of Washington, Seattle, respectively. 

Effects Of Nickel (II) And Other Metal Ions On 
Aluminum Dissolution By Mercury-Catalyzed Nitric Acid 

W. W. SCHULZ, J. E. MENDEL, and J. F. PHILLIPS1 
Battelle Northwest Laboratories 

Richland, Washington 

Nickel (II) ions have been known for some time to inhibit the dis¬ 

solution of aluminum in mercury catalyzed nitric acid. A re-investi¬ 

gation of this phenomenon has shown that under certain conditions, 

nickel(II) can increase the aluminum dissolution rate. These effects 

of nickel have been interpreted in terms of a theory, originally proposed 

by Murray (14th National Meeting of the American Chemical Society) 

to understand the catalytic effect of mercury on the nitric acid dissolu¬ 

tion of aluminum. He proposed that the aluminum oxide barrier layer 

is replaced by a lattice-like layer of the type Al2Hg3 overlaid by a layer 

of metallic mercury. The dissolution rate is interpreted in terms of rela¬ 

tive rates of aluminum ion migrating through the two layers. 

Our results show that the aluminum dissolution rate in nitric acid- 

mercury-nickel solutions could be related to nickel/mercury ratio. In 

the presence of nickel (II) ion, the aluminum dissolution rate, originally 

low, increased with nickel/mercury ratio, passing through a maximum 

at a nickel/mercury ratio of four, then decreasing with increasing nickel/ 

mercury ratio. This behavior was interpreted in terms of Murray’s 

theory by postulating the formation of a new nickel-mercury barrier 

layer. (Based on work performed under United States Atomic Energy 

Commission Contract AT(4501) 1830) 

a Presently, Florence State University, Florence, Alabama 

A New Synthesis Of Amiclophosphorie Acid 

R. C. SHERIDAN, J. F. McCULLOUGH, and Z. T. WAKEFIELD 

Tennessee Valley Authority, Muscle Shoals, Alabama 

In the continuing search for compounds that may have desirable 

fertilizer properties, study was made of the amides of orthophosphorie 

acid. Ammonium hydrogen monoamidophosphate, NII4IIPO,Nl L, was 
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prepared directly from phosphoryl chloride and aqueous ammonia; the 

procedure was simpler and gave higher yields than the classic Stokes 

procedure. The acid salt was readily converted to other salts or to the 

free acid. A paper-chromatographic procedure was developed for sepa¬ 

ration of the mono-, di-, and triamides of orthophosphoric acid. 

A History Of Analytical Methods For Nitrogen 

TERRY C. WOODIS, JR. 

Tennessee Valley Authority, Muscle Shoals, Alabama 

Since the introduction of the Dumas method for nitrogen in 1831, 

shorter and more reliable methods have been sought. In 1883, Kjeldahl 

introduced his procedure of wet oxidation with sulfuric acid. This 

method is still the basis for almost all the official methods for the de¬ 

termination of nitrogen in fertilizers and agricultural products. Its field 

of application has been widened by such modifications as additions of 

catalysts to accelerate the conversion of organic nitrogen to ammonia, 

of inert salts to raise the temperature of the boiling sulfuric acid, and 

of metals to reduce nitrates. In spite of the vast numbers of analyses 

made by the Kjeldahl method, there still is general lack of understand¬ 

ing of how it works. The required conditions of temperature, amount 

of acid, and salt content are discussed to explain the working of the 

method. The status of the Kjeldahl method is discussed and compared 

with those of other analytical methods for nitrogen. 

Physics And Mathematics 

Work Done By An Ideal Gas On A Moving Piston 

R. P. BAUMAN, PI. L. COCKERHAM, III, and W. M. McCLELLAN 

Department of Physics 

University of Alabama, Birmingham 

The classic problem of an ideal gas expanding against a piston, or 

being compressed by a piston, under isothermal or adiabatic conditions, 

is easily solved thermodynamically in the limit of slow piston speeds. 

No solution has been found in the literature for finite piston speeds, 

although an incorrect expression for irreversible expansions and com¬ 

pressions has become common in recent thermodynamic discussions. We 

have extended the statistical mechanical treatment, previously applied 

to very slow pistons, to higher order terms to find a solution for iso¬ 

thermal and adiabatic expansions and compressions that should be valid 

for piston speeds that are non-zero but still reasonably small compared 
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to the speeds of gas molecules. A “correction factor” appears in each 

solution having the form 1—8/77 0 + 8/77 or, where a is the ratio of 

the piston speed to the average speed of the gas molecules. 

Angular Dependent Raman Relaxation of Fe(3+) In MgO 

JEFFERSON S. BENNETT 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

We have measured the spin-lattice relaxation time of the transition 

between the ( + Vz, — Vi) Zeeman levels of the ground state of Fe(3+) 

in cubic host MgO and have found it to be a function of the angle be¬ 

tween the external magnetic field and the crystal axis. Our measure¬ 

ments were made by the “pulse-saturation” method at a frequency of 

9 GHz and temperatures (T) from 44°K to 300°K. In this temperature 

range the relaxation is described by 

1/T, = A(T/<9)7 J6(0/T) + B exp(— <3>/T) 

where 6 = 400°K, <t> = 700°K, and J6 is a transport integral. 

This angular dependence of a Raman relaxation process is the first 

reported and manifests itself as a dependence only in the coefficients A 

and B. 1/Ti has 90° symmetry about the cubic axis, and is a minimum 

when the angle is 0°. At 56°K, for example, the relaxation rate varies 

from 8 X 103 (sec-1) to 2 X 10r' (sec-1) as the external field is rotated 

from 0° to 45°. The same temperature dependence is observed at all 

angles indicating that cross relaxation to other impurities is not re¬ 

sponsible for the variation of the relaxation time. 

The evidence indicates this is an intrinsic effect associated with 

the angular dependence of the fine structure of this multi-level system. 

In studying the gross features of the fine structure field variation, one 

notes the same general angular variation as for the Raman relaxation; 

greatest mixing corresponding to highest relaxation rates. This is under 

study at present in an attempt to correlate these two effects. 

A Study Of The Doppler Shift Of Coherent Light 
Using The Kerr Cell 

ERNEST L. BURDETTE 

Department of Physics 

Auburn University, Auburn, Alabama 

An apparent Doppler shift in frequency may be produced in a 

light beam passing through a medium whose index of refraction is 

changing in time. The Kerr effect provides a means of changing the 
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index while keeping the source stationary. A Kerr cell with changing 

electric field will transmit a fast and a slow component whose fre- 

quencies are shifted slightly, and by differing amounts, from the origi¬ 

nal beam. It is suggested that the frequency difference be detected by 

combining the two components and detecting a beat frequency in the 

intensity of the resultant beam. An experiment for producing this effect 

is described: The polarized beam of a fleNe laser is passed through a 

nitrobenzene Kerr cell one meter in length; the field in the cell is 

produced by the discharge of a 30 kV capacitor bank through the resis¬ 

tance of the cell itself. Theoretical investigation shows an initial beat 

frequency of 4 kilocycles per second, decreasing slowly as the field 

dissipates. Experimental results have not yet been obtained. 

On 90 To 99% And Extreme Values Of Wind And Wind Shear 

O. ESSENWANGER 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The engineer is vitally interested in proper and realistic asessment 

of wind conditions for missile design and evaluation of flight perform¬ 

ance. Especially thresholds to be exceeded only in a specified number 

of times such as 10% or less are of importance. Three topics in the ac¬ 

complishment of the goal have been discussed. 

The first problem is the selection of these thresholds for distribu¬ 

tion at specified altitudes. With availability of observed data empirical 

thresholds can be established. These empirical thresholds towards the 

extreme side of the frequency distribution are sometimes affected by 

large erroneous observations and it is therefore desirable to derive 

them from statistical parameters. This can serve also as a checking 

procedure to increase the confidence in the empirically established 

thresholds. The deduction from statistical parameters also provides for 

threshold values where the detailed observations are not known. It can 

be demonstrated that the Weibull distribution is a good approximation 

for wind speed and wind shear values in the range of 90 to 99% thresh¬ 

olds. 

A second topic is the establishment of wind profiles under in¬ 

clusion of the vertical relationship. Some examples have been shown, 

utilizing specified level thresholds and probability intervals with com¬ 

putation of the summarized profiles and characteristic types. 

A further topic is the enduring discussion on the truncation of the 

observations towards high wind speeds by loosing the balloons with 

low tracking angles. Controversial results are obtained by different 
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authors. Here an extreme value theory is used to test the bias (trunca¬ 

tion) of observations. The results indicate that there is some reason 

for concern. 

Geometric Reasons For Use Of Homogeneous Coordinates 

RAFAEL M. FITERRE 
Division of Natural Sciences and Mathematics 

University of Alabama, Huntsville 

In the study of geometric forms of the second and the third kind 

we prove that by not employing the homogeneous coordinates, one 

misses the following forms: in each of the four forms of the second kind, 

one misses a form of the first kind and all of its elements. In the two 

forms of the third kind, one misses a form of the second kind and all 

of its elements, and all the forms of the first kind and all of its ele¬ 

ments. We draw the conclusion that the condition of one to one corre¬ 

spondence between any geometrical object of a given form and its alge¬ 

braic representation necessitates the employ of homogeneous coordi¬ 

nates. Conversely, without using homogeneous coordinates, there exist 

geometric objects whose algebraic representations are not isomorphic. 

The Cooperative College-School Science Project in Wilcox County 

W. L. FURMAN 
Spring Hill College, Mobile, Alabama 

Wilcox County began participation in the Visiting Scientists Pro¬ 

gram in 1965 and in the Cooperative College-School Science Program 

of the Alabama Academy of Science in 1966. During the visits made 

to the schools, teachers have been given assistance in mathematics and 

their classes have been taught by the consultant to demonstrate tech¬ 

niques of presenting modern mathematics. A plan for teacher improve¬ 

ment using the cooperative program was explained to the Board of 

Education. Wilcox County was included in the Cooperative College- 

School Science Project at Spring Hill College during the 1967-68 and 

1968-69 school years. Visits to the school system have been continued 

with consequent improvement in mathematics education. Wilcox Coun¬ 

ty has a population which is 80% negro and is strictly rural. An inade¬ 

quate mathematics program existed in the school system prior to par¬ 

ticipation in the cooperative program. As a result of the activities in 

the project, modern mathematics texts have been introduced in both 

elementary and high school grades and a four-year high school inathe- 
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matics program is being set up throughout the county. The school 

system has established a full time position of supervisor of mathematics 

to continue the type of work done by the consultant and has organized 

a special program to provide individualized instruction for negro chil¬ 

dren transferring to formerly all white schools in an effort to raise 

their level of achievement as rapidly as possible. 

Optical Absorption Lines In Additively Colored CaF2 

HAYWARD O. HANDY, GEORGE A. TANTON and JOE E. WILLIAMS 

Alabama A & M College, Normal, and 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

We report here on a spectral study of absorption bands and lines 

observed in additively colored single crystals of CaF2. Crystals grown 

by the Stockbarger process were colored additively by heating together 

with metallic Ca pellets in a van Doom furnace at -—- 800 C. Subse¬ 

quently, their absorption spectrum was determined at liquid nitrogen 

temperatures using our Cary-14R double-beam double-dispersion re¬ 

cording spectrophotometer. On the longer wavelength shoulder of some 

absorption bands, sharp lines were observed. Spectral positions of the 

strongest of these sharp lines are 600, 678 and 834 nm. Because rela¬ 

tively small external stress applied on the crystal induces splitting and 

shifting of the 678 nm line, we ascribe it to a zero-phonon electronic 

transition in a defect center. We have also additively colored CaF2 

crystals grown by Bridgman and Czochralski methods but failed to 

find a sharp line spectrum. 

Some Effects Of Quantization Of Internal Rotation On 
Spin Relaxation 

RICHARD L. HARTMAN 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The spin-lattice relaxation time Ti for the H^Ci — CR,R2 radical 

in acetyl-d, /-alanine was measured from 1.2K to 300K and found to 

vary with temperature according to the function 

Tr1 = 2W csch (AE/T) 

where AE = 26K and W = 1.5 X 103 sec1. Murphy (Phys. Rev. 145: 

241. 1966) has recently shown that if spin-lattice relaxation were domi¬ 

nated by spin-flip transitions of an ion between two states in a bistable 

harmonic oscillator potential, where the g value of the electron was the 
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same in each state, the spin-lattice relaxation time should vary in this 

manner. Here AE is a measure of a separation of the levels between 

which the ion makes spin-flip transitions. This value agrees with the 

value obtained from the temperature dependence of the ESR spectra 

(Gamble, W. L. 1968. J. Ala. Acad, of Sci. 39). Our conclusion is that 

transitions between the ground and first excited rotational states with 

a simultaneous spin-flip are sufficiently frequent to dominate all other 

spin-lattice relaxation mechanisms. Our interpretation is that the methyl- 

group must be tunneling through the potential barrier to rotation — a 

quantum effect not explicable by the normal classical treatment of the 

rotation of these methyl-groups. 

Some Effects Of Quantization Of Internal Rotation On 
Hyperfine Structure 

WILLIAM L. GAMBLE 

Department of Physics 

University of Alabama, University 

The temperature dependence of the ESR spectra of the x-ray 

induced paramagnetic centers in single crystals of acetyl, d-/, alanine 

has been observed from 1.2°K to room temperature. The stable radical 

has the form CH3-CRR1. R and Ri denote the remaining groups of the 

molecule and make no significant contribution to the hyperfine struc¬ 

ture. The spectrum consists of 7 equally spaced lines at low tempera¬ 

tures and 4 lines of intensity ratios 1:3:3:1 at high temperatures. The 

temperature dependence of the spectra can be explained (Gamble, W. 

L., I. Miyagawa, and R. L. Hartman. 1968. Phys. Rev. Lett. 20:415) 

entirely in terms of a quantized internal rotational model for the methyl 

group. The hyperfine structure is caused entirely as hyperconjugative 

overlap of the unpaired electron spin on the methyl protons. The gap 

between the lowest states of A and E symmetry was found to be — 50 

gauss while that between this pair and the first excited pair was found 

to be ~ 20 cm-1. 

Calculations have shown that the intensity ratios at low tempera¬ 

tures for barriers sufficiently high to reduce the tunneling rate to the 

order of the hyperfine coupling constant (—20 gauss) are a function 

of the tunneling rate so that some details of the actual hindering barrier 

can be discerned. Most data have been analyzed in terms of a barrier 

of the form V„/2( l-cos3(t>), and this has been found to be too simple 

an assumption to describe the results for acetyl-d, /-alanine. 
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Laser Interferometric Studies Of Astigmatic Aberrations 

HERBERT B. IIOLL 

U. S. Army Missile Command 

Redstone Arsenal, Alabama 

The Michelson interferometer is equivalent to two parallel reflect- 

ting surfaces, one real and the other virtual, the distance between which 

can be varied. For the case of small path differences, the interferometer 

shows astigmatic aberration; instead of the expected system of con¬ 

centric circles, the image is a pattern of elliptical, hyperbolical, or 

straight lines. Mathematically it can be shown that the curves of con¬ 

stant path difference fulfill an equation of the form 

a x" + /3 y' = y. 

The value and the sign of the quantities a, f3, and y are functions of 

(1) the difference between the two mirrors in distance from the division 

plate; (2) the difference in length of their optical paths; (3) the index 

of refraction and the thickness of the beam splitter; (4) several angles 

within the interferometer; and (5) the divergence angle of the incoming 

light beams. The variety of the interference fringes has been demon¬ 

strated experimentally, using an He-Ne laser as a light source. A lens 

was used to expand the divergence angle of the light bundle to 13°. 

One mirror was placed at a constant distance of 13 cm from the beam 

splitter, and the second mirror was movable to provide a path differ¬ 

ence of up to 16 cm. Within this interval of path difference, the image 

changed from a system of vertical ellipses (path difference approxi¬ 

mately zero) to vertical straight lines, hyperbolas, horizontal straight 

lines, horizontal ellipses, and finally to concentric circles. This evolu¬ 

tion is illustrated in a series of 39 photographs. 

A Formula For The Phase Velocity And Damping Of Torsional 
Waves Superposed On A Large Deformation By Stretch And 

Pressure In Thiek-Walled, Fluid-Filled Viscoelastic Tubes 

WILLEM KLIP and DOROTHEA A. KLIP 

Department of Physiology and Biophysics and Department of Medicine 

University of Alabama, Birmingham, and Medical Center 

A tube of infinite length is considered. For the explanation of the 

symbols we refer to Klip, W., P. van Loon and D. A. Klip, J. Appl. 

Physics 38, 3745 (1967) and to Green, A. E. and W. Zerna, Theoretical 

Elasticity, Oxford, Clarendon Press, 1954. The strain energy function is 

assumed to have the Mooney form 

W = C, (1,-3) + ^7 (I2—3) 



Abstracts 303 

For the square of the complex wave number (k - k, + ik2 

- i damping constant) is found 

(to1 <'"/*. " •£' f 
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Small Angle Scattering By Spheres And Spherelike Particles 
With Diameters Of Three To Ten Wavelengths 

BRUCE TULLY 

Department of Physics 

Auburn University, Auburn, Alabama 

The angular dependence of light scattering by yeast cells in water 

at visible wavelengths was measured at angles up to 14°. The theoretical 

scattering curves were calculated from Mie theory based on a measured 

average size and the distribution of sizes about this average. Polyvinyl 

toluene latex spheres were used as controls to test instrument capabil¬ 

ity. The measured scattering by the yeast cells was found to agree 

well with the predictions of the Mie theory for the homogeneous di¬ 

electric sphere. 

Medical Sciences 

Some Physical, Chemical Characteristics Of An 
Oyster Hemagglutinin 

RONALD T. ACTON 

University of Alabama Medical Center 

Birmingham, Alabama 

Structural studies of immunoglobulin light and heavy chains have 

suggested that the genes coding for these proteins evolved from a com¬ 

mon ancestor. Studies on the immunoglobulins of lower vertebrates 

suggest an evolutionary relationship with immunoglobulins of mammals. 

These data led us to examine the natural hemagglutinin of the inver¬ 

tebrate, Crassostrea virginica. The hemagglutinin was associated with 

a heterogenous group of fast sedimenting molecules. The major com- 
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ponent in oyster serutn has a sedimentation coefficient of 34S with 2 

minor components (29S and 13S). Reduction and alkylation of these 

molecules in 5 M guanidine* IlCl resulted in complete dissociation into 

a single polypeptide chain having an approximate molecular weight 

of 20,000 as determined in the ultra-centrifuge by the approach to equi¬ 

librium method. The molecule contained 6% total hexose and 6.5% gluco¬ 

samine. N-terminal analysis revealed threonine as opposed to glutamic 

and aspartic acid found in mammalian kappa-type light chains. Amino 

acid composition, carbohydrate content and peptide maps have been 

performed and do not reveal obvious structural similarities. To evaluate 

possible homologies limited sequence data are now being collected. 

(Supported in part by USPI1S, NIH grants Al-02693, Al-00293, GM- 

12456 and AM-10441.) 

A Thermodynamic Study Of Chloroquine Binding To Polyadenylic 

Acid And Polyguanylic Acid 

LERENA BLODGETT and K. LEMONE YIELDING 

Laboratory of Molecular Biology 

University of Alabama Medical Center, Birmingham 

The binding of the antimalarial, chloroquine, to polyadenylic acid 

and polyguanylic acid has been studied. The interactions were exam¬ 

ined spectrophotometrically by observing the absorption of chloroquine 

at 343 m/JL after additions of the respective polynucleic acids. Calculation 

of the equilibrium constants for the dissociation of the drug-polymer 

complexes was made from the absorption differences measured at 

specific temperatures. As a result, the thermodynamic properties of 

the association reaction were determined for the binding of chloroquine 

to both poly A and poly G. A thermodynamic analysis was also made of 

the solubility of chloroquine in the solvent used. The values for the 

entropy, enthalpy and free energy of the solubility reaction were sub¬ 

tracted from the values obtained for the drug-polymer interactions. 

Both poly A and poly G binding to chloroquine were entropy and 

enthalpy driven with the reactions proceeding spontaneously to the 

associated form in the temperature range studied. (Supported by U. S. 

Army Grant DA49 193 MD 3040) 
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Characterization Of The Ventral Skin Mineral Deposits In 

Rana catesbeiana 

LUTHER T. CALE 

Department of Physiology and Biophysics 

University of Alabama Medical Center, Birmingham 

Numerous reports have been made on the presence of mineral de¬ 

posits in the frog skin. Taylor, Taylor and Barker (1966) described high 

concentrations of inorganic phosphate located at the junction between 

the stratum spongiosum and the stratum compaction of Rana cates¬ 

beiana ventral skin. The phosphate granules were composed of fine, 

needle-like crystals and were not associated with cells. Chemical an¬ 

alysis of these mineral deposits yielded a molar calcium to phosphate 

ratio of 3.02 to 2. Their data also suggested that tadpoles had higher 

concentrations of skin inorganic phophate than did adult frogs. 

The present study has further characterized the mineral deposits 

of R. catesbeiana ventral skin. The total mineral content of the skin of 

yearling frogs was considerably less than that found in tadpole skin. 

Tadpole skin had 27.70 ± 1.76 (S.D.)% mineral in the dry skin and 

0.0032 ± 0.0003 g of mineral per unit surface area (1.54 sq. cm) of 

skin compared to the respective values of 13.34 ± 3.55 and 0.0011 ± 

0.0002 for the yearling frog skin. Ventral skin from R. catesbeiana which 

had recently completed metamorphosis showed a significant, but less 

dramatic reduction in the total skin mineral. The total calcium, ex¬ 

pressed as mM/g of dry skin in tadpole and recently metamorphosed 

frog skin was 2.44 ± 0.43 and 1.66 ± 0.43, respectively. The correspond¬ 

ing total phosphate values were 1.72 ± 0.17 and 1.37 ± 0.22. Initial 

experiments measuring total carbonate in tadpole skin suggest the 

presence of some calcium carbonate since 0.23 ± 0.05 mM carbonate 

per g of dry skin was found. (Supported by NIDR Grant DE 136 and 

NIH Grant AM 10436) 

Binding Of Tritiated Digoxin To Rat Contractile Proteins 

CHARLES E. CLARK0 and PAUL J. FRITZ 

Laboratory of Molecular Biology 

University of Alabama, Birmingham 

The cardiac glycosides have been used clinically for many years 

to restore the systolic contraction of failing hearts to normal levels. 

Binding of digoxin, a short acting cardiac glycoside, to myosin was 

studied using tritiated digoxin (a gracious gift of Burroughs Wellcome 
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and Company). Equilibrium ultra-centrifugation and continuous flow 

dialysis studies revealed that digoxin binds to purified, enzymatically 

active rat heart and skeletal muscle myosin. Enzymatically inactive 

myosin preparations did not exhibit this binding characteristic. The 

binding of digoxin to enzymatically active rat cardiac and skeletal 

muscle myosin suggests that cardiac glycosides have a direct effect on 

this contractile protein, and thus, may exert a direct effect on muscu¬ 

lar contraction. (Supported by a grant from USP1IS) 

0 Fellow of the Alabama Heart Association. 

Absence Of Excess Autoimmune Disease In Long-Evans Rats 
Treated Repeatedly With Long-Evans Tumors In Freund’s 

Complete Adjuvant (FCA) 

J. D. EMERSON and G. M. EMERSON 
Departments of Physiology & Biophysics and Biochemistry 

University of Alabama Medical Center, Birmingham 

We have previously reported that certain neoplasms are immuno- 

logically destroyed by the host following injection of the tumor in 

potent adjuvants such as FCA. The potential great value of adjuvants 

in tumor immunotherapy, allergic desensitization and viral immuni¬ 

zation requires extensive safety testing of these adjuvants. Since brain 

tissue in adjuvants produces widespread cerebral demyelinization, and 

renal tissue in adjuvants causes nephrosis, there is clearly potential 

danger in clinical use of adjuvants. Additionally, some evidence sug¬ 

gests FCA can break immunological self-recognition. To assess poten¬ 

tial danger of such adjuvants YOUNG Long-Evans rats were injected 

repeatedly with fibroadenoma from OLD Long-Evans rats in FCA. In 

the one experiment completed, treated animals lived an average of 566 

days after initial injection with mean lifespan of 843.5 days compared 

to colony average of 779.9 ± 14.0 days (S.E. of M.). Histopathological 

study of heart, aorta, spleen, pancreas, liver, lung, kidney, brain and 

joints failed to reveal any increase in autoimmune pathology in the 

treated rats. Since the majority of surface (and other) antigens of 

tumor cells are identical to those of normal cells of the same individual, 

we believe these observations: (1) Indicate FCA is safe for use with 

tumor tissue and possibly many tissues other than brain and kidney. 

(2) Rule out completely all current autoimmune theories of aging. 
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Purification And Characterization Of Actin From 

Rat Skeletal Muscle 

JOHN C. LANKFORD III and PAUL J. FRITZ 

Laboratory of Molecular Biology 

University of Alabama, Birmingham 

The purpose of this investigation was to examine the homogeneity 

and biological activity of actin preparations extracted from acetone 

powders prepared from rat skeletal muscle. Disc gel electrophoresis 

was used to examine the homogeneity of G-aetin preparations. The 

sedimentation coefficient was determined using a Beckman Model E 

analytical ultracentrifuge. The biological activity of these prepara¬ 

tions was measured by the combination of F-actin with myosin. Actin 

which had undergone several cycles of reversible polymerization con¬ 

tained one major band in disc electrophoresis. The sedimentation co¬ 

efficient of G-actin was 3.1 as compared to sedimentation co-efficients 

of 2.8 — 3.1 reported for canine and rabbit G-actin. Finally, the puri¬ 

fied actin combined with myosin as shown by a five fold increase in 

Mg + + ATPase activity with an accompanying 2 fold decrease in Ca+ + 

ATPase activity. (Supported by a grant from USPIIS) 

Ultrastructure Of Corynebacterium acncs 

L. F. MONTES, V. S. CONSTANTINE, 

W. H. WILBORN, and A. J. NARRATES 

Departments of Dermatology and Anatomy 

University of Alabama Medical Center, Birmingham 

Corynebacterium acnes was studied with the electron microscope 

using thin sections of cultured cells and comedones from normal human 

subjects and from acne patients. The procedure of Ryter-Kellenberger 

was used for fixation. Samples were embedded in araldite and sec¬ 

tioned on a Porter-Blum ultramicrotome. Sections stained with uranyl 

acetate only or with uranyl acetate and lead citrate were examined with 

a Philips EM 200 electron microscope. 

Cells of C. acnes were seen as slightly elongated rods surrounded 

by an electron-dense surface layer. Beneath this material was the cell 

wall which was separated from the plasma membrane by a narrow 

electron-lucent space. The plasma membrane formed numerous meso- 

somes of various configurations. The nucleoplasm was well developed 

and characterized by an area where electron density was less than that 

of the cytoplasm and which exhibited numerous filaments ranging from 

30-60°A in diameter. 
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Biochemical And Cytochemical Correlation Of Acid Phosphatase 

Activity With Phases Of Growth In Candida albicans 

A. |. NARRATES, L. F. MONTES, and W. H. WILBORN 

Departments of Dermatology and Anatomy 

University of Alabama Medical Center, Birmingham 

Acid phosphatase (APase) activity was studied biochemically and 

cytochemically in cells of C. albicans at different phases of cell growth. 

Cells were harvested from cultures at hourly intervals throughout loga¬ 

rithmic growth. Each sample was divided into portions, one for bio¬ 

chemistry and the other for cytochemistry. APase activity was measured 

biochemically in a reaction mixture composed of 0.2 ml of acetone dehy¬ 

drated cells and 1 ml of substrate solution (p-nitropyhenyl phosphate in 

citric acid buffer, pH 4.8). After incubation at 38C for 30 min, the 

reaction was stopped by adding 4 ml of 0.1 N NaOH. Tubes were read 

in a colorimeter at 410 m/x. APase activity was determined from a 

standard curve and expressed as Bessy-Lowry units/mg dry cell wt. 

Fresh smears were used for cytochemistry, employing the procedures 

of Gomori, Burstone, and Barka-Anderson. 

Biochemically, APase activity increased linearly with the age of 

cells during the first 14 hr of growth, and then slowly decreased after 

15 hr. Cytochemical staining paralleled the biochemical results in in¬ 

tensity and was distributed in cytoplasmic granules and vacuoles re¬ 

sembling lysosomes in appearance. The results of this study showed 

that changes in enzyme activity accompany the growth of C. albicans. 

The relationship between enzvme activity and infectivity of C. albicans 

is being investigated. 

Cytological Studies Of Submandibular Glands Of The Opossum 

W. H. WILBORN and J. M. SHACKLEFORD 

Department of Anatomy and Institute of Dental Research 

University of Alabama Medical Center, Birmingham 

Submandibular glands of the opossum have been studied cytologi- 

cally by light and electron microscopy and compared with other mam¬ 

malian salivary glands. The results show opossum submandibular glands 

to be basically similar to those of other mammals while possessing cer¬ 

tain unique cytological features. As in “higher” mammals, four princi¬ 

pal parenchymal components are present and connect in the order 

named (below) to convey saliva toward the oral cavity. 
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1. Secretory units consist of elongated tubules which contain mu¬ 

cous and serous cell types. Mucous cells predominate and appear similar 

to those in other glands, e.g., numerous electron lucent secretory gran¬ 

ules and Golgi membranes, sparse granular endoplasmic reticulum 

(G.E.R.), and randomly distributed mitochondria. Serous cells are ar¬ 

ranged as demilunes which “cap” the mucous cells, and differ ultra- 

strueturally from mucous cells or any previously described serous cell. 

Characteristically, serous cells of the opossum have irregularly-shaped 

nuclei with deep invaginations that often contain G.E.R. and mitochon¬ 

dria; secretion granules that range from electron lucent to electron 

opaque in density; a predominance of tubular G.E.R., although other 

tvpes are also present. Secretions from serous cells reach the salivary 

ducts by passing through tortuous intercellular canaliculi between the 

mucous cells. 

2. Intercalated ducts are only a few cells in length, but the cells 

exhibit an impressive assortment of organelles and inclusions, indi¬ 

cating functions other than mere conduits for secretions. 

3. Striated ducts are especially numerous in opossum submandibu¬ 

lar glands. Cytological features, comparable to those of kidney tubules, 

occur in the basal region of striated duct cells. Here extensive infoldings 

of the basal plasma membrane combine with abundant filamentous 

mitochondria lying between and parallel with the invaginations to pro¬ 

duce the hasally striated effect observed with the light microscope. The 

apical cytoplasm contains electron lucent vesicles and some small elec¬ 

tron opaque granules. A remarkable cytological feature associated with 

these cells, but not with striated duct cells of other mammals studied 

thus far, is the intercellular canaliculus which extends from the cell base 

to the cell lumen. 

4. Interlobular ducts are lined with columnar or cuboidal cells 

which usually lack basal striations and resemble interlobular duct cells 

of other mammalian salivary glands. 

This study points out the diversity of opossum submandibular 

glands, especially regarding serous and striated duct cells. The reason 

for this structural heterogeneity is not known, but there can be little 

doubt that it is related to the needs of the organism for a particular 

tvpe of secretion. 
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