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CONSTITUTION 

OF 

THE PHILOSOPHICAL SOCIETY OF WASHINGTON. 

Article I. The name of this Society shall be The Philosoph¬ 

ical Society of Washington. 

Article II. The officers of the Society shall be a President, 
four Vice-Presidents, a Treasurer, and two Secretaries. 

Article III. There shall be a General Committee, consisting 
of the officers of the Society and nine other members and such 
of the Past Presidents of the Society resident in Washington and 
retaining membership as shall annually, before the first meeting 
of February of any year, notify the Secretar}^ of the General 
Committee of their intention to attend its meetings or whose 
presence may he requested by a vote of the committee * 

Article IV. The officers of the Society and the nine other 
members of the General Committee shall be elected annually by 
ballot; they shall hold office until their successors are elected, 
and shall have power to fill vacancies. 

Article V. It shall be the duty of the General Committee to 
make rules for the government of the Society, and to transact 
all its business. 

Article VI. This Constitution shall not be amended except 
by a three-fourths vote of those present at an annual meeting 
for the election of officers, and after notice of the proposed 
change shall have been given in writing at a stated meeting of 
the Society at least four weeks previously. 

* As amended December 23, 1899. 



STANDING RULES 

FOR THE GOVERNMENT OF 

THE PHILOSOPHICAL SOCIETY OF WASHINGTON. 

AS AMENDED MAY 7, 1887. 

1. The Stated Meetings of the Society shall be held at 8 o’clock 

p. m. on every alternate Saturday; the place of meeting to be 

designated by the General Committee. 

2. Notice of the time and place of meeting shall be sent to 

each member by one of the Secretaries. 

When necessary, Special Meetings may be called b}^ the Pres¬ 

ident. 

3. The Annual Meeting for the election of officers shall be the 

last stated meeting in the month of December. 

The order of proceedings (which shall be announced by the 

Chair) shall be as follows : 

First, the reading of the minutes of the last Annual Meeting. 

Second, the presentation of the annual reports of the Secre¬ 

taries, including the announcement of the names of members 

elected since the last Annual Meeting. 

Third, the presentation of the annual report of the Treasurer. 

Fourth, the announcement of the names of members who, 

having complied with section 14 of the Standing Rules, are en¬ 

titled to vote on the election of officers. 

Fifth, the election of President. 

Sixth, the election of four Vice-Presidents. 

Seventh, the election of Treasurer. 

Eighth, the election of two Secretaries. 

Ninth, the election of nine members of the General Committee. 

(viii) 



STANDING RULES. IX 

Tenth, the consideration of Amendments to the Constitution 

of the Society, if any such shall have been proposed in accord" 

ance with article VI of the Constitution. 

Eleventh, the reading of the rough minutes of the meeting. 

4. Elections of officers are to be held as follows: 

In each case nominations shall he made by means of an in¬ 

formal ballot, the result of which shall be announced by the 

Secretary; after which the first formal ballot shall be taken. 

In the ballot for Vice-Presidents, Secretaries, and Members of 

the General Committee, each voter shall write on one ballot as 

many names as there are officers to be elected, viz., four on the 

first ballot for Vice-Presidents, two on the first for Secretaries, 

and nine on the first for Members of the General Committee, 

and on each subsequent ballot as many names as there are per¬ 

sons yet to be elected ; and those persons who receive a majority 

of the votes cast shall be declared elected: Provided, That the 

number of persons receiving a majority does not exceed the num¬ 

ber of persons to be elected, in which case the vacancies shall be 

filled by the candidates receiving the highest majorities. 

If in any case the informal ballot result in giving a majority 

for any one, it may be declared formal by a majority vote. 

5. The Stated Meetings, with the exception of the Annual 

Meeting, shall be devoted to the consideration and discussion of 

scientific subjects. 

The Stated Meeting next preceding the Annual Meeting shall 

be set apart for the delivery of the President’s Annual Address. 

6. Sections representing special branches of science may be 

formed by the General Committee upon the written recommen¬ 

dation of twenty members of the Society. 

7. Persons interested in science, who are not residents of the 

District of Columbia, may be present at any meeting of the So¬ 

ciety, except the Annual Meeting, upon invitation of a member. 

8. On request of a member, the President or either of the Sec¬ 

retaries may, at his discretion, issue to any person a card of in¬ 

vitation to attend a specified meeting. Five cards of invitation 

2—Bull. Phil. Soc., Wash., Vol. 13. 



X PHILOSOPHICAL SOCIETY OF WASHINGTON. 

to attend a meeting may be issued in blank to the reader of a 

paper at that meeting. 

9. Invitations to attend during three months the meetings of 

the Society and participate in the discussion of papers may, by 

a vote of nine members of the General Committee, be issued to 

persons nominated by two members. 

10. Communications intended for publication under the au¬ 

spices of the Society shall be submitted in writing to the General 

Committee for approval. 

11. Any paper read before a Section may be repeated, either 

entire or by abstract, before a general meeting of the Society, if 

such repetition is recommended by the General Committee of 

the Society. 

12. It is not permitted to report the proceedings of the Society 

or its Sections for publication, except by authority of the Gen¬ 

eral Committee. 

13. New members may be proposed in writing by three mem¬ 

bers of the Society for election by the General Committee; but 

no person shall be admitted to the privileges of membership 

unless he signifies his acceptance thereof in writing, and pays 

his dues to the Treasurer, within two months after notification 

of his election. 

14. Each member shall pay annually to the Treasurer the sum 

of five dollars, and no member whose dues are unpaid shall vote 

at the Annual Meeting for the election of officers, or be entitled 

to a copy of the Bulletin. 

In the absence of the Treasurer, the Secretary is authorized to 

receive the dues of members. 

The names of those two years in arrears shall be dropped from 

the list of members. 

Notice of resignation of membership shall be given in writing 

to the General Committee through the President or one of the 

Secretaries. 

15. The fiscal year shall terminate with the Annual Meeting. 



STANDING RULES. XI 

16. Any member who is absent from the District of Columbia 

for more than twelve consecutive months may be excused from 

payment of dues during the period of his absence, in which case 

he will not be entitled to receive announcements of meetings or 

current numbers of the Bulletin. 

17. Any member not in arrears may, by the payment of one 

hundred dollars at any one time, become a life member, and be 

relieved from all further annual dues and other assessments. 

All moneys received in payment of life membership shall be 

invested as portions of a permanent fund, which shall be directed 

solety to the furtherance of such special scientific work as may 

be ordered by the General Committee. 



STANDING RULES 

OF 

THE GENERAL COMMITTEE 

OF 

THE PHILOSOPHICAL SOCIETY OF WASHINGTON. 

AS AMENDED NOVEMBER 12, 1898. 

1. The President, Vice-Presidents, and Secretaries of the 

Society shall hold like offices in the General Committee. 

2. The President shall have power to call special meetings of 

the Committee, and to appoint Subcommittees. 

3. The Subcommittees shall prepare business for the General 

Committee, and perform such other duties as may be entrusted 

to them. 

4. There shall be six Standing Subcommittees: 

I. On Communications. 

II. On Publications. 

III. On Grants. 

IV. On Mathematical Science. 

V. On Physical Science. 

VI. On General Science. 

5. The General Committee shall meet at half-past seven o’clock 

on the evening of each Stated Meeting, and by adjournment at 

other times. 

• 6. Six members shall constitute a quorum for all purposes, 

except for the amendment of the Standing Rules of the Com¬ 

mittee and of the Society. 

7. The names of proposed new members recommended in 

conformity with Section 13 of the Standing Rules of the Society 

(xii) 



STANDING RULES. Xlll 

may be presented at any meeting of the General Committee, 

but shall lie over for at least two weeks before final action. No 

rejected candidate shall be eligible to membership within twelve 

months from the date of rejection. The Secretary of the General 

Committee shall keep a chronological register of the elections 

and acceptances of members. 

An affirmative vote of three-quarters of the members present 

shall be necessary to an election. 

8. These Standing Rules, and those for the government of the 

Society, shall be modified only with the consent of a majority 

of the members of the General Committee, but by unanimous 

consent of a quorum any rule except numbers 6 and 7 of the 

Standing Rules of the General Committee may be temporarily 

suspended. 



RULES RESPECTING PUBLICATIONS 

OF 

THE PHILOSOPHICAL SOCIETY OF WASHINGTON. 

ADOPTED DECEMBER 22, 1888. 

1. The regular publication of the Society shall have the form 

of a series of completed papers or memoirs, to which the transac¬ 

tions of the Society shall be added. Publication shall not be 

made at stated intervals, but whenever directed by the General 

Committee. 

2. Each paper read before the Society and offered for publica¬ 

tion shall be at once referred to a special committee of two 

appointed by the President, which shall submit to the General 

Committee at its next meeting a written report on the paper, 

and the General Committee shall decide respecting its publica¬ 

tion. The annual address of the retiring President and the an¬ 

nual reports of the Treasurer and Secretaries shall be published 

in full, without reference. The journal of the Society shall be 

published in condensed form at the end of the volume. 

3. Papers read before a Section of the Society and offered for 

publication shall be referred to a committee appointed as the 

Section may direct. The paper, accompanied by a written 

report, shall be laid before the General Committee, which shall 

decide respecting publication. 

4. Papers approved by the General Committee for publication 

shall be printed forthwith, and one hundred copies shall be 

gratuitously furnished to the author. 

5. The papers published from time to time shall be paged con¬ 

secutively, and when sufficient material has accumulated to form 

a volume of convenient size, a title page, table of contents, and 

index shall be prepared, and the whole issued as a volume of 

the Bulletin of the Philosophical Society. 
(xiv) 



ADDITIONAL ACTIVITIES FOR THE SOCIETY* 

REPORT OF A SPECIAL COMMITTEE, COMPOSED OF 

F. H. BIGELOW, J. HOWARD GORE, AND W. H. DALL. 

Submitted, Amended, and Adopted in the Following Form at the 490th 

Meeting of General Committee, November 26, 1898. 

It is proposed to assume some additional functions, and in 

nowise to abandon any ground now held by the Society. The 

general scope of science and exact knowledge may be cultivated, 

not only by the reading and discussion of papers explaining the 

researches carried out by individuals, as in the past, but also by 

direct agencies tending to promote science where it most needs 

active wTork; therefore, 

I. Resolved, That three standing committees be appointed an¬ 

nually, as follows: 

1. Committee on Mathematical Science, including Astronomy, 

Geodesy, Mechanics, and allied subjects. 

2. Committee on Physical Science, including Electricity and 

Magnetism, Meteorology, Terrestrial Magnetism, and 

kindred topics. 

3. Committee on General Science, including subjects not re¬ 

served for the other committees but suitable for discus¬ 

sion by this Society. 

The chairmen of these committees shall be chosen annually 

by a majority vote of the General Committee ; the members shall 

be appointed by the chairmen of the same from the Society at 

large, and associate members from outside the roll of the Society 

may also be added, if desired. These committees shall each 

make a specific report annually upon one or more of their special 

topics, which shall be published in the Bulletin, stating the re¬ 

cent progress and the desiderata of science in the respective 

branches. They shall also, under the direction of the Commit- 

(xv) 
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tee on Communications, bring before the Society from time to 

time popular statements and illustrations of matters of interest 

likely to be of value to the members of the Society. They shall 

especially seek to enlist the active cooperation of those who are 

working along the same lines of research, where such mutual 

support will be likely to promote scientific discoveries. 

II. Resolved, That there shall be a Committee on Grants in Aid 

of Research, to be composed of three members, appointed by the 

President, to serve for one year like the other standing committees. 

The duties of this committee shall be to receive applications 

for grants, to consider them, and in such cases as they may ap¬ 

prove, to report the same to the Council for action. Applica¬ 

tions disapproved shall not be reported to the Council unless it 

is so requested by the applicant: Provided,, That the committee 

may call upon any member of the Society for advice or infor¬ 

mation in any case where they may deem it advisable, and that 

all such communications shall be regarded as confidential un¬ 

less communicated to the Council by vote of the committee: 

Provided, That the membership of this committee shall be an¬ 

nounced to the Society at the next meeting after its appoint¬ 

ment, by the incoming President of each year: Provided, That 

the committee shall make such rules in regard to the matter of 

applications and publication of results as they may deem proper, 

the same to be approved by the Council of the Society before 

going into effect. 

It frequently happens that a member of the Society has in 

mind some query which he would like to have answered, but 

is uncertain as to the person to whom he should address him¬ 

self ; again, it sometimes occurs that a member has devised 

some method of solution, or made a discovery of interest, but 

not of sufficient importance to warrant its elaboration in a set 

paper; therefore, 

III. Resolved, That to give a hearing to persons of either of 

the classes named, the first half-hour of each regular meeting 

shall be reserved for informal communications, when any mem¬ 

ber may propose for answer or discussion such topic or question 

as he has under consideration. 

IV. Resolved, That an electric lantern be procured and kept 

permanently in place for use in illustrating the work of authors 

who present communications. 
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1. The Observations.—The best series of rainfall observa¬ 

tions in Central America is that taken at San Jose, Costa Rica. 

The series is a long one, and in its last three years the ob¬ 

servations were taken with the outfit and under the condi¬ 

tions and requirements for a station of the first order, as 

agreed upon by the international committee representing 

the chief government weather services. This means that 

the record of the principal elements is made automatically, 

and also that it is published in extenso. The observatory is 

conducted by Professor Enrique Pittier. The next best 

series of rainfall observations is that of Dr. Earl Flint at 

Rivas, on the western shore of Lake Nicaragua. Here we 

have an uninterrupted series for fifteen years taken by the 

same observer, and this observer an educated physician who 

takes especial interest in problems of rainfall. Next to these 

come the observations made along the course of the Panama 

1—Bull. Phil. Soc., Wash., Vol. 13. (1) 
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canal. Of these we have nineteen years at Colon or Aspin- 

wall, six .years at Gamboa, on the watershed, and fourteen 

years at Panama, Naos island, and Taboga island. Naos is 

a small island in the Gulf of Panama, about a mile south of 

the town, and Taboga is a larger island, about 10 miles south. 

The last six years of the observations at Colon and all those 

at Gamboa and Naos island were taken under the rules of 

the French meteorological service. 

The series at Guatemala City come next in order of im¬ 

portance. They were apparently taken with care, although 

by several different persons, and in part were cared for by 

the director of the astronomical observatory. At Belize the 

number of years is greater, but the series is much broken, be¬ 

ginning in 1848 and ending in 1894. There are probably 

fortyfive years of rainfall observations at Belize existing, 

but they do not seem to have been consulted by any me¬ 

teorologist who has discussed the Central American rainfall, 

are apparently not in print, and no trace of them was found 

when I visited that city several years ago. Most of them 

will probably be found among the papers of Judge S. Cock- 

burn, who took great interest in the rainfall of the colony. 

I have been able to use a publication of his for private cir¬ 

culation, with manuscript additions, sent to the Smithsonian 

Institution in 1870. 

The records of a few years’ observations at San Salvador, 

taken in connection with an astronomical observatory, have 

been published. At the remaining points (twentyone in 

number, making thirty one stations in all; see Table I) the 

observations are more fragmentary, the usual guarantees 

of minute care are generally lacking, and our information 

about details is incomplete. These observations have been 

dug out from many publications, chiefly the Meteorologische 

Zeitschrift and the dozen or so government reports on the 

various proposed canals from Darien to Honduras. In Alta 

Verapaz, a recently formed province of Guatemala, Dr. Karl 

Sapper has lately established a series of stations among 

the coffee planters to study the remarkable rainfall of that 

district. With one station (Salama) in Baja Verapaz he has 
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ten in all, nine in Alta Verapaz. The latter department 

is on the northern slope of an eastern and western moun¬ 

tain range, apparently the Sierra de las Minas of the maps, 

but if so the maps are wrong or the range has moved 15' or 

20' north in latitude since the maps were made; but there 

are many things on the maps of Guatemala which are not 

in Guatemala itself, and vice versa. As the reports from the 

various stations in Alta Verapaz are fragmentary, I have 

generally combined them into one and used that as a repre¬ 

sentative value. 

There is, so far as I am informed, not a rainfall observa¬ 

tion from the Republic of Honduras, and I have therefore 

pieced out my information there by reports of travelers, 

especially Squier, and by statements made to me when I 

visited that country some years ago. 

The information along the proposed routes of the Nica¬ 

ragua canal is considerable, though fragmentary, except at 

Rivas. At San Jose Dr. Pittier established three outlying 

stations, at one of which, Heredia, observations had been 

taken before. Of these three stations Agua Caliente proves 

very interesting, as it has a transition rainfall between that 

of the eastern and western coasts. 

Of those who have previously studied the Central Ameri¬ 

can rainfall we may mention the papers of Dr. Moritz 

Wagner,* Dr. A. von Frantzius,t Pittier, { and the more 

general studies shown in rainfall publications of Schott, of 

Loomis, and those of Koeppen § and Hann.|| 

2. General Geographic Conditions.—From Darien to Yuca¬ 

tan stretches a narrow, irregular land surface, washed on 

* Beitrage zur meteorologie und klimatologie von Mittel-Amerika. 4°. 

Dresden, 1864, 31 pp. Separate from vol. 31 of Yerh. der kais. L. C. 

deutschen akademie der naturforscher. 

fVersuch einer wiss. begrundung der klimat. verhaltnisse Central 

Amerika’s. In Zeitschrift fur erdkunde. 8°. Berlin, 1868, pp. 289-319. 

t Annales del instituto fisico-geografico, etc. 4°. San Jose de C. R., 

189—. 

I Berghaus’ physik. atlas, fol. Gotha, 1887. Abtheil. Ill, 1887, Atlas 

der meteorologie. 

|| Handbuch der klimatologie. 12°. Stuttgart, 1883. 
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each side by a tropical sea. It extends through ten degrees of 

latitude (from 8° north to 18° north) and is 1,200 miles long by 

from 30 to 300 miles broad. It has an average width of 150 

miles and a population of 18 per square mile—a density 

closely equal to that of the United States as a whole, includ¬ 

ing Alaska, or that of Minnesota or Kansas. Through the 

center of this band runs a backbone of mountains, generally 

less than 10,000 feet high, and for full half of the distance 

less than 6,000 feet, sometimes descending to moderate hills, 

at others expanding fan shaped to form extensive plateaus of 

3,000 feet or more. The coasts are rarely high, and along 

a considerable part of them is an area little above sealevel, 

marked by lagoons and floods. Generally this strip is nar¬ 

row, but along the Mosquito Coast for a distance of 300 miles 

it has a breadth of 100 to 150 miles. The western versant 

is more rapid than the eastern. 

Over this area, twice in its annual course, the sun occupies 

the zenith at noon. Except for the variations caused by the 

sun’s annual motion the whole east coast is reached by the 

northeast trades, and these in many places appear to cross 

the divide and descend on the western side. None of the 

mountains are so high as to have perpetual snow, and on 

only a few in the north is there a regular snowfall in winter. 

The division into temperature zones here is better marked 

than in Mexico. The lowest is the hot zone, along the coast 

to elevations of 300 to 400 feet. It is hot, humid, marshy, 

and malarial, and especially along the Atlantic side makes 

one of the hottest regions in the world, though its reputa¬ 

tion for especial unhealthfulness does not appear to be justi¬ 

fied. This zone is the home of the banana. The second 

extends up to 3,500 feet, is warm and vernal, only moderately 

well watered, and is the home of the coffee tree and pine¬ 

apple. The third is cool, rather dry, the home of the cereals 

and the fruits of the temperate zone, while the sugarcane 

and cotton are found in its lower altitudes and the upper of 

the preceding zone. These two zones form the most thickly 

populated part of Central America and are entirety salu- 
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brious. They are often classed together as the tierra tem- 

plada. The last is the cold zone, above 7,500 feet, where 

precipitation is scanty, frosts abound, and snow is no rarity. 

The rainfall in this region is typically tropical and fol¬ 

lows the sun, giving a dry season when the sun is south of 

the equator and a wet season when he is north, and giving 

a maximum rainfall in or near the month when he is in 

the zenith of the station of observation. This means two 

maxima per year; so that there are two rainy seasons, with 

a long and a short interval between them. The long dry 

season is in the months corresponding to our winter and 

spring, and is called the verano. It extends from December 

to April. The wet season is from May to November, and is 

called the invierno, while the short drier season is in August, 

and is called the veranillo or little verano; also the verano de 

Augosto. As a simple means of distinguishing these seasons, 

verano (long dry), invierno (wet), and veranillo (short dry) will 

be used. 
Following the seasons through, we have this succession: 

Beginning with the height of the verano, in April, the weather 

is serene, clear, and the hottest of the year. On the plateaus 

it is delightful. With May or June the rainy season {in¬ 

vierno) sets in.' It is due to local storms, with a striking 

diurnal course. The morning is cool and fresh. In the later 

hours of the forenoon cumulus clouds begin to appear about 

the mountain peaks, and are specially picturesque when 

hanging about volcanoes. They steadily grow and spread 

until cirrus streaks begin to extend from their tops, their 

bases become dark and threatening, and finally, late in the 

afternoon, the lightning flashes brilliantly, the thunder is 

loud and startling in its suddenness, and cataracts of water 

fall from the clouds. This lasts but a short time, and before 
one retires at night the sky is again clear and the stars re¬ 

markably brilliant. These thunderstorm phenomena grad¬ 

ually increase in daily duration and intensity, extending 

especially into the night, until the time of maximum rain¬ 

fall, in June. At that time it may begin to rain early in 

the afternoon and continue nearly all night. The thunder- 



6 HARRINGTON. 

storms then decrease to the veranillo, at which time they may 

cease entirely for a few days or weeks. They begin again 

after it and reach a second maximum in October, when they 

gradually decrease until December. The rainfall phenom¬ 

ena, though short and intense, are very local in area and 

have marked limitations in time. Their intensity is largely 

a question of topography and wind. Hence the most 

marked and striking variations exist, similar to those of 

local storms elsewhere, but more marked in character. 

Hence also marked localization of rainfall. A few rods 

will sometimes make one pass from within a torrential rain 

to a spot without rain. Hence also remarkable variations 

in the rainfall from year to year or in the same month 

of successive years or in the monthly rainfall at adjacent 

stations. 

3. The Annual Rainfall.—The observations on which we 

have to rely are rarely synchronous, and consist chiefly of a 

few years’ observations at each station, but scattered at the 

various stations through half a century. This makes it 

necessary to compare the longer series and see if there is 

any periodicity to be found of such character as to render it 

necessary to adjust the observations to the same date. Such 

a comparison is given in Table II for the ten or (combining 

Panama, Naos, and Taboga) eight best series, and a succes¬ 

sion of maxima and minima at once appear, the ratio be¬ 

tween the two being 4 to 7, 5 to 9, and even greater in some 

cases. It appears that the times of maxima are practically 

the same throughout Central America, and are as follows: 

Maximum. 

1856.. . 

1861.. . 

1866-7 

1872 .. 

1878-9. 

1886-7 

1893... 

Interval of years. 

5 

8 

6* 

These show a fairly regular periodicity of 5 to 8 years, 

not regular enough to justify discussion in such a fragmen¬ 

tary series of observations, but regular and large enough to 
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require adjustment if we are to have amounts for which 

comparisons are significant. I have therefore adjusted the 

actual annual values to get comparable means, using both 

the periods and a well known and safe principle of meteor¬ 

ological interpolation, which runs as follows: “In the long 

run the meteorological elements of neighboring stations vary 

together and in much the same ratio.” 

To piece out my statistics I have further interpolated an¬ 

nual values when I had less than twelve but more than eight 

months’ of observations. In the case of Punta Gorda, in 

British Honduras, I have gone so far as to make an annual 

mean based on two months’ observations, an inspection of 

the place, and common report. For instance, about Lake 

Izabal, at sealevel and not far from Punta Gorda, the com¬ 

mon saying is that it rains thirteen months out of every 

twrelve. There is no doubt that the rainfall at the head of 

the Gul'f of Honduras is very high, and the two months’ 

observation available from Punta Gorda, compared with 

Belize, enabled me to guess how high with an approxima¬ 

tion better than nothing. 

The adjusted annual values appear in the second column 

of Table III and are entered on the chart for annual rainfall, 

Plate 1. Several interesting conclusions appear at once: 

1. The rainfall is greater on the Atlantic than on the 

Pacific side as two or three to one. 

2. The greatest annual rainfall observed is at Greytown, 

Nicaragua, where it reaches the enormous total of over twenty 

feet—a figure surpassed in America only on the Mexican 

Gulf coast, in the West Indies, Guiana, and on the coast of 

Brazil. 

3. The next greatest is in Alta Verapaz, on the northern 

slopes of mountains, and on the adjoining southern part of 

British Honduras. Next to this comes the east coast of 

Panama. 

4. The region of smallest rainfall is along upper plateaus 

in most of Central America proper, but moving to the south¬ 

ern coast in the Isthmus region. The area sketched on the 
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map as below fifty inches of annual rainfall is based on the 

rainfall observed at Salama, in Baja Verapaz; on the state¬ 

ment quoted by Beclus from Dollfuss and Mont Serrat for 

the altos or high plains in northwestern Guatemala, the re¬ 

gion from which the streams radiate; on the common state¬ 

ment in that region that the upper part of the Motagua 

basin is the most arid part of Guatemala; and on state¬ 

ments of Squier, especially his estimate of forty eight inches 

for the upper part of Honduras. This region occupies the 

higher plateaus, but appears to extend farther down on the 

Pacific versant than on the Atlantic. I have terminated it 

near the Nicaraguan border simply because I have no evi¬ 

dence to take me further. It reappears in Costa Pica, at 

Agua Caliente, and then apparently passes over into the Gulf 

of Panama. 

To account for this distribution of rainfall we have the 

following causes of rain: The equatorial rainbelt which 

accompanies the sun in his annual journeys north and 

south, and gives rain at the station when he is in the zenith; 

the trade winds, which are here northeast and which since 

leaving the West Indies have traversed the warm Caribbean 

sea; the rains which come down on winds from the north 

after crossing the warm Gulf of Mexico; and the cyclonic 

rains, which accompany the great atmospheric disturbances 

occuringat certain seasons in the West Indies. Calling the 

first the invierno rain, the second the trade rain, the third 

the norther ram, and the fourth the cyclonic rain, we have : 

On the Pacific coast, invierno alone. 

South of the Gulf of Campeachy and north of the moun¬ 

tain ranges, 
Invierno + norther, 

or more easterly, 
Invierno + cyclonic. 

From Cape Gracias a Dios southward, 

Invierno + trade, 

and possibly for its northern part also 

+ cyclonic. 
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That the cyclones reach at times to the Bay of Honduras is 

known by the fact that they have at least twice devastated 

Roatan. In Belize people are accustomed to say that the 

hurricane winds do not reach them, but the accompanying 

rain and sea do, and, as a matter of history, there appears 

to be no record of injury in Belize by hurricane winds. 

The cyclones are certainly felt to the north of Cape Gracias 

a Dios. How much farther south this influence extends is 

not so clear. The character of the rainfall and the baro¬ 

metric variations would indicate that they occasionally 

affect the Mosquito Coast, and a slight barometric variation 

here means a heavy response in rainfall. 

The northers give a heavy autumn and early winter 

rainfall in Alta Verapaz, according to the testimony and 

observations of Dr. Sapper. This rainfall comes with char¬ 

acteristics of our northern general rains. The sky is con¬ 

tinuously cloudy, the rain is steady and lasts several days. 

On the north coast of Spanish Honduras the northers are 

well known, but here a distinction is made between dry 

northers and wet ones; the former are more easterly and 

bring charming dry weather; the latter bring heavy rains. 

Still farther south, but now on the plateaus, as far south as 

Rivas and even to the Gulf of Panama, perhaps once or 

twice a year at Rivas and once in two or three years at San 

Jose, there occurs a week or so in autumn which is called 

temporal. During this time the sky is continuously cloudy, 

the air is chill, the wind is northerly, and it fogs or mists 

or gently rains. The native, with his love of warmth and 

brightness, has a horror of the temporal. It appears, there¬ 

fore, that the northers may reach far south on the plateau, 

though they drop the most of their rain on the northern 

mountains and coasts. 

An interesting fact to be deduced from the observations 

is the variation of the rainfall wflth elevation. Taking the 

Alta Verapaz stations with a full year’s record, we have: 

2—Bull. Phil. Soe., Wash., Vol.13. 



10 HARRINGTON. 

Station. Elevation. Rainfall. 

Cubilguitz. 
Feet. 

984 
2,395 
2,789 
3,248 
4,100 
4,285 

Inches. 
167 
202 
222 
170 
150 
98 

Setal... 
Chiacam... 
Senahu. 
Panzamala. 
Chimax... 

In this case we have a maximum at about 2,500 feet of 

elevation—the decrease below due perhaps to sheltering 

mountains to the north. These winds, as was to be ex¬ 

pected, are of very considerable depth or force and carry 

rain up to heights of 4,000 or 5,000 feet. 

On the east coast the stations are at sealevel, and we have 

no opportunity to test the effect of elevation except at Colon 

and Gamboa. In the investigations for the Nicaragua canal, 

however, observations were taken in the San Juan valley by 

the engineers from April to September, 1851. Reducing 

these by means of Rivas to the later years, and then expand¬ 

ing by comparison of the months with those at Greytown, 

we get an annual rainfall of about 120 inches. The region 

occupied by the surveying party was well down the San 

Juan river, at a height certainly less than 100 feet (Lake 

Nicaragua, 130 feet). From this it appears that the trade 

which brings such enormous rains at Greytown is lessened 

in effect by a half or more in an ascent of less than 100 feet. 

Facts of the same character appear at Colon and Gamboa. 

The latter is on the watershed, and the instrument was 102 

feet above sealevel. The rainfall at the former is a third 

larger than at the latter. If we consider that only a part of 

this rain is of trade origin, and that, as is to be shown, the 

invierno is little affected at elevations below 3,000 or 4,000 feet, 

we may conclude that the rain bearing stratum of the trades 

here is very shallow, and that most of its rain is dropped at 

elevations less than 500 feet. 
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Turning now to the lower central plateaus and the Pacific 

versant, where we have the typical invierno, we find : 

Station. Elevation. Rainfall. 

Cor into. 
Feet 

Sealevel 
200 
218 

2,156 
3,724 
4,265 
4,856 

Inches. 
90 

|}eo± 
72 

S}64± 
54 

Rivas. 
Granada... 
San Salvador... 
San Jose. 
Tres Rios..... 
Guatemala. 

Here the interpretation is not simple, but it is safe to 

conclude that up to 4,000 feet there is very little varia¬ 

tion with height, and that the variation with topogra- 

Phy [ { Granada ( or { Tres Rios } ]is much more imPor- 

tant than that with the elevation. There is some indication 

of a maximum at 2,000 to 2,500 feet, as in Alta Verapaz. 

4. Distribution through the Year.—If we examine the dis¬ 

tribution of rainfall and of rainy days we find that there are 

four fairly distinct types, as shown by Table IV and Plates 

2 and 3. 

I. A type with typical invierno occupying the plateaus of 

moderate elevation and the Pacific versant from the north 

to southern Costa Rica and probably to the Gulf of Panama. 

It is characterized by maximum rainfall in June and in 

October, by almost no rainfall from November to April (the 

verano), and by a secondary minimum in August. The last 

is the veranillo, already referred to, and often consists of an 

almost complete cessation of rain for a week or fortnight. 

Comparing the curves of amounts of rain with that of the 

number of rainy days in the diagram, we find that what 

little rainfall comes in the verano is scattered through a rela¬ 

tively large number of days and is therefore very light, while 

that of the maxima (June and October) is scattered through 

relatively few days and is consequently heavy. This is 
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especially and remarkably true for October, when what rain 

falls is very heavy. 

The succession of the seasons on the more southern coasts 

in this region are thus described by Findlay in his Direc¬ 

tory of the North Pacific: 

On the coast during the fine season, which commences in November 

and ends in May, the land and sea breezes blow alternately, with a clear 

sky and but little rain. Strong winds rarely occur during this period. 

* * * Occasionally a strong breeze from the northward may be ex¬ 

perienced. 

In the rainy reason, May to November, heavy rains, calms, light vari¬ 

able breezes, with a close, sultry atmosphere, heavy squalls, with thunder 

and lightning, and not unfrequently strong gales from the southwest, are 

prevalent. 

During the fine season the land and sea breezes set in regularly ; the 

former are called el Terral and the latter la Virazon. The only winds to 

be guarded against at this season are the northers [more properly the 

Papagayos]. These violent gusts give no warning but the noise created 

by them a few.moments before they burst. Sometimes a thick fog sets 

in beforehand, which is dissipated at the first gust. These gusts are 

more frequent near the Gulf of Tehuantepec or abreast of the Gulf of 

Papagayos. 

In the rainy season calms are frequent and the sea and land breezes 

which are felt on fine days have no regularity. The prevalent winds 

then are from southeast to southwest, blowing strongly and in squalls, 

bringing bad weather and torrents of rain for twelve or fourteen days in 

succession. During this season, nearly every afternoon about 3 or 4 

o’clock a violent gust sets in from the northeast and lasts until daylight. 

These gales are called chubascas, and resemble the tornadoes of the African 

coast. 

On the Mexican and Guatemalan coasts the invierno rains 

often come on strong, squally winds from the southwest, 

called Cordonazo de San Francisco (Castigation of St. Francis), 

and suspected of being occasional extensions of the southern 

trade winds. They occur from July to October. 

It may be noted that throughout the region of Type I an 

idea is prevalent that the rainfall is decreasing and that this 

decrease is due to the rapid deforesting of the country. This 

idea is not justified by Table II, which gives the annual 

rainfall for the years, and its basis is probably to be found 

in the marked periodicity already pointed out. 
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II. The second type is in the northeast and has the in- 

vierno extended to January, with maxima in June and Octo¬ 

ber, as in No. 1. The verano is encroached upon ; there is no 

absolutely dry month, but April is the driest; and the verano 

rainfalls are relatively light. The veranillo is well marked 

and the rainfall in June and October is very heavy when it 

does fall—that is, its intensity or density is great. 

As to details for Alta Yerapaz, which are of great interest 

and have only recently become known, the following ac¬ 

count is condensed from the statements of Dr. Sapper in 

the last three volumes of the Meteorologische Zeitschrift. 

The chief climatic peculiarity of this northern slope is 

the occurrence of winter rains (October to January) in ad¬ 

dition to the usual invierno. In the winter rainfall season 

electric phenomena are unusual, and for a month or two 

completely fail; moreover, the rain when it comes is gentler 

than in summer, shows no distinct diurnal period as it does 

in the summer season, and may last several days. In short, 

it shows rather the character of the general storms of the 

temperate latitudes, while the summer season rainfalls are 

more of the nature of our local storms. During these win¬ 

ter rains stratus is the characteristic cloud form, the sky is 

often clouded continuously for days, and a light rainfall 

may continue with slight interruptions from day to day. 

The wind is higher than in the summer rains and the tem¬ 

perature is cool. 

From February to April in Alta Verapaz the weather is 

relatively dry; both the number of days of rain and the 

rainfall of each are relatively small. In autumn the sum¬ 

mer and winter rains are sometimes separated from each 

other b}r a short dry period. Sometimes the former passes 

into the latter without an interruption of the rains. In 1889 

such a dry season occurred, but in 1890 it was not distin¬ 

guishable. The two zenithal maxima of thunderstorm fre¬ 

quency can usually be distinguished and the first is the 

greater. In general the changes of the barometer are here 

small, the wind is generally light, moving east and west on 



14 HARRINGTON. 

account of the topography, but the cirrus clouds usually 
pass north and south. 

As there are no observations for Spanish Honduras, its 

division between Types II and III must be justified. This 

has already been done for its part of Type I. 

The only thing like observations on rainfall in the Re¬ 

public of Honduras are those of Thomas Young at the 

mouth of Rio Negro (latitude 16° north, longitude 85° west) 

about 1840 and quoted by Squier,* and from this author 

practically all the notes which follow are taken. 

According to Young’s notes, March to June was dry, with 

northeasterly winds and sea breezes; July was wet, with 

strong sea breezes; August to September was dry, with 

calms and light variable airs; October dry or wet, accord¬ 

ing to the wind, and November to February were wet, with 

northers. Thus the dry season here extends from March 

to September, July only being wet in these eight months. 

The wet season is the four months from November to Feb¬ 

ruary, with sometimes October. A residence of a few weeks 

at Puerto Cortez and the reports given me there would in¬ 

dicate about the same course of the seasons, but July and 

August were wet. 

The northers to which reference is here made are thus 

described in Henderson’s “ Honduras: ” 

At the beginning of October, what are called the norths commence and 

generally continue, with little variation, till the return of February or 

March. While these winds last the mornings and evenings are cold, 

frequently unpleasantly so; and what in this country is understood by a 

wet north might perhaps furnish no very imperfect idea of a November 

day in England. A dry north, on the contrary, is beautiful, agreeable, 

and invigorating. 

At Truxillo rains occur in June and July; at Santa Tomas, 

at the extreme west of the north coast of Honduras, they 

have much rain, with a climate as at Punta Gorda, not far 

distant. In general, along the north coast from Santa Tomas 

* Squier (E. G.), The States of Central America. 8°. New York, 1858, 

pp. 25-43; also Squier (E. G.), Honduras. 8°. London, 1870. The latter 

is little more than a reprint of that part of the former which relates to 

Honduras. 
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to Cape Gracias a Dios, the wet northers occur in the winter 

months and bring rain. 

Passing inland to the mahogany districts, and therefore at 

no great elevation and not far from the coast, the invierno 

proper resumes sway and heavy rains begin in the latter part 

of May or in June. The mahogany cutters must “truck” 

their logs to the river in the dry, to float them in the wet 

season, and they must not be left exposed long without cov¬ 

ering or they will “ check.” 

Squier says (op. cit., p. 197): “ In the months of April and 

May, all the various preparations having been completed 

and the dr}^ season having become sufficiently advanced, 

the ‘trucking’ commences in earnest. This may be said to 

be the mahogany cutters’ harvest, as the result of his season’s 

work depends upon a continuance of the dry weather, for a 

single shower of rain would materially injure his roads.” 

And again, as to the floating, he says (p. 198): “About 

the end of May the periodical rains again commence. The 

torrents of water discharged from the clouds are so great as 

to render the roads impassable in the course of a few hours, 

when all trucking ceases; the cattle are turned into the 

pasture and the trucks, gear, and tools, etc., are housed. 

The rain now pours down incessantly till about the middle 

of June, when the rivers swell to an immense height. The 

logs then float down a distance of 200 miles, being followed 

by the gangs in pitpans (a kind of flat-bottomed canoe) to 

disengage them from the branches of the overhanging trees, 

until they are stopped by a boom placed in some situation 

convenient to the mouth of the river.” 

At Comayagua, inland and about half way between the 

Atlantic and Pacific coasts, rain falls every month in the year, 

but in the dry season of the western versant this rain is only 

in showers of brief duration, while during the wet season of 

that coast the Comayagua rains are long and many. Con¬ 

tinuous rains or temporales are infrequent. Snow sometimes 

falls on the high plains of Inticubat, but only in thin layers, 

which soon disappear. In my own observations the evi- 
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dences of heavy rainfall rapidly disappeared as one ascended 

to the interior plateaus, where the population is chiefly 
gathered. 

III. The third type has well marked summer, autumn, 

and winter rains, with three distinct maxima both in amount 

and intensity, viz., July, November, and January. There is 

no really dry month, but March is the driest. The veranillo 

is characterized by slight intensity rather than by absence 

of rainfall, and the intensity is greatest in the winter rains. 

At Greytown, says one of the reports on the Nicaragua 

canal, “ the rainy season ends in January with a norther, 

which is usually the worst gale at this port. The dry season 

then lasts until in May, when the rains set in. The begin¬ 

ning of the rains shift from the first of May to the first of 

June, but is usually late in May. In the latter part of Au¬ 

gust and in September there is pleasant, serene weather, 

with less rain, but in October again set in the daily rains, 

with disagreeable weather. The only regular winds found 

at this place are the trade winds, which, however, do not 

blow constantly. They vary from east by north to north¬ 

east, generally at east-northeast, are not strong, and rarely 

last all night, being succeeded about 10 p. in. by light and 

baffling land breezes, varying between south-southeast and 

northwest. This place seems to be near the limit of the 

trades, so they cannot be depended on, though they usually 

blow every day, but sometimes very light and only for a few 

hours. Along the coast to the southward still less depend¬ 

ence can be placed on them, while at Monkey Point, 40 miles 

to the northward, they are stronger and more reliable.” 

In the San Juan valley, between Greytown and Lake 

Nicaragua, there is a record of six months (April to Septem¬ 

ber) in 1851. They show that the rainfall decreases as the 

river is ascended and give less than one half as much as at 

Greytown, and Menocal in 1885 * estimated the annual rain¬ 

fall of the whole basin at more than 100 inches. Dr. Brans- 

*Nic. Canal Route Report. 49th Cong., 1st session, Sen. Ex. Doc. No. 

99, 1886, p. 37. 
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ford also says: * “ The rainfall diminishes as we ascend the 

River San Juan, and after passing the mouth of the San 

Carlos the weather is bright and pleasant in the dry season, 

vegetation is not so rank, the land is well adapted to agri¬ 

culture, and, as it is sufficiently damp for the growth of 

grass, cattle raising is an easy and lucrative business.” 

IV. The fourth type is one of transition. It is one in 

which the zenithal maxima of the invierno of higher lati¬ 

tudes are separating from each other in preparation for 

change into the opposite months of the year south of the 

meteorologic equator. The verano is well marked but brief— 

January, February, and March. The maxima are in April 

and November, and the summer dry season is here extended, 

but only relatively dry, while there is a brief drier season. 

There is also a season at the end of June when the rains are 

altogether suspended, but this is too brief to be noticeable 

on the diagram. This is the veranito or verano of St. John. 

The succession of the seasons is given by the Hydro- 

graphic Office in their Coast Pilot: t 

The wet season commences in May and lasts till November. The 

rainfall gradually increases until it is fairly established in June, and con¬ 

tinues through July, August, and September, with strong southerly winds. 

In December the rains cease, the northwrest and north-northwest winds 

set in, producing an immediate change. During the dry season regular 

land and sea breezes blow. The sea breeze sets in about 10:30 a. m. from 

south-southwest, and generally increases in force until about 3:30 p. m., 

after which it gradually subsides and at sundown is quite calm. 

5. Distribution through the Day at San Jose, Costa Rica.— 

The rainfall of the invierno has a marked diurnal periodic¬ 

ity ; with the trade-wind rainfall this periodicity is less 

marked, and with the rain from cyclonic sources or from 

northers the diurnal variation is nearly suppressed. The 

diurnal features are, therefore, best marked in the region 

of typical invierno, and, as a matter of fact, the observations 

*43d Cong., 1st session, Sen. Ex. Doc. No. 57, 1874, p. 114. 

t Publication No. 84. West Coast of Mexico and Central America, etc. 

8°. 2d edition, 1893, p. 238. 

3—Bull. Phil. Soe., Wash.. Vol. 13. 
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published permit us to study its details only at San Jose, 

which is in this region and is, moreover, quite free from non¬ 

periodic disturbances of the barometer, and therefore from 

cyclonic action. The hourly observations available were 

for the three years 1889, 1890, and 1891. The combination 

of these observations by hours and months is given in Table 

VIII and represented graphically on Plate 4, where the 

hours (two by two) are represented by the horizontal lines, 

and the months by the vertical lines, the annual rainfall for 

the hour in that month in inches being placed at the inter¬ 

section of these lines. The culmination of the rainfall at 

from 4 to 6 in September and October is very manifest. In 

October more than half the rain falls in the three hours 

from 3 to 6 p. m., and two-thirds in the five hours from 1 to 

6 p. m. A similar statement may be made for the months, 

viz., at 4 p. m. more than half the rain falls in August, Sep¬ 

tember, and October. In January the little rainfall is in 

the morning hours, but generally speaking the rain does 

not begin here until noon, nor fall after 10 p. m., so that 

practically all the rainfall is confined to the afternoon hours 

and nearly all to the five hours from 1 p. m. to 6 p. m. 

The same order of facts is shown in the number of hours 

of rainfall for each month of the year, for the calculation of 

which observations are available at San Jose for ten years. 

The results are: 

January.. per year. 
February. U i t 

March... U C6 

April. . 16 << CC U 

May. . 74 (C t c u 

June. . 66 u 11 u 

July. .. 65 u u u 

August. . 89 C i u cc 

September. . 77 i c cc cc 

October. . 94 u cc cc 

November. . 34 u cc cc 

December. . 18 C l cc cc 

Total. . 550 < c ti u 
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6. Variations of Rainfall.—The periodic variations have 

already been noted. The values for different years may 

vary as 2 to 1 or even as 3 to 1 (see columns 5 and 8, Table 

III, p. 24.) The monthly variations are still greater, and are 

greatest for the months following the dry season, especially 

May. This means only that the invierno begins earlier some 

years than others, and the date of its commencement may 

vary a full month. 

Of yet greater interest are the maximum daily rainfalls 

(see column 7, Table III, p. 24), and these are most significant 

when given as percentages of the total annual rainfall. 

Maximum Daily Rainfall. 

Station. Month. Inches. 
Percentage 
of annual 
rainfall. 

Guatemala. . August. 3.88 7.2 
Alta Verapaz (Setal). November... 9.58 (212) 

3.39 
4.5 

Salamd... June. 12.1 
San Salvador. October. 2.38 3.3 
Rivas... October. 4.58 7.0 
San Jos6... July. 5.04 7.4 
Tres Rios. October. 3.43 5.7 
Colon. May. 5.17 4.2 
Gamboa. . August. 6.23 6.6 
Panama. August. 6.42 13.1 

Of the 9.58 inches at Setal, 7.12 inches fell during the 

night. 

The absolute maxima of rainfall can be obtained only 

from long series of observations, and these series are gener¬ 

ally short. It is therefore safe to say that from 7 to 10 per 

cent of the total annual rainfall may descend in one day in 

Central America, and that for the drier invierno region this 

percentage may reach from 10 to 15 per cent. 

This sounds extraordinary, and certainly the fall of from 

4 to 10 inches of rainfall in one day, and usually in a few 

hours, gives one a striking idea of how the rain descends in 
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tropical regions. It is sometimes not a rain, but a celestial 

cataract. 

At San Jose we are able to get some idea of the maximum 

rainfall per hour during the three years of hourly observa¬ 

tions available. It is, of course, an afternoon hour, and is 

noteworthy only from May to October, when the maxima 

actually observed had the following values: 

May. 

June. 

July. 

August.... 

September 

Oct.ober... 

1.90 inches. 

1.02 “ 

1.36 “ 

1.13 “ 

1.15 “ 

1.39 “ 

That is, the greatest hourly rainfall observed at San Jose 

wTas 1.9 inches, or a rate of 46 inches, nearly 4 feet, per day. 

The results of such enormous falls of rain have often been 

described and can easily be imagined. The dry stream beds 

or quebradas, very common on the plateaus,are rapidly filled; 

the water comes down in a wall several feet high; the camp¬ 

ing place, 2 to 6 feet above the water, is overflowed, and soon 

the new camping place, hastily sought in the dark and 

several feet higher, is also overflowed. In such a country 

as Mosquitia dry stream beds become rivers, marshes change 

to lakes, and the.natives temporarily take to the trees or to 

their boats. 

While all this is striking, it is by no means unparalleled 

in temperate regions. Symons records an English rainfall 

of 6.8 inches in one day; 7.5 inches in a day is no great 

rarity in the United States, while the Gulf and Atlantic 

coasts are subject to occasional falls of 10 inches in one day, 

and Boise, Idaho, once reported 18 inches. At Joyeuse,* in 

the Rhone valley, 29.3 inches were recorded in one day in 

October, 1827,and at Gibraltar* November, 1826,30.9 inches 

are said to have fallen in that time. The difference between 

such falls of rain in the tropics and in the temperate zones 

is chiefly that in the latter they are occasional, while in the 

* Wagner, op. cit., p. 16. 
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tropics they are customary. These conditions are especially 

interesting from the standpoint of the possible ship canals 

in Central America. Though the information is scanty, it 

appears to have been such a rainfall in 1887 which began 

the disasters of the Panama canal. It must be acknowl¬ 

edged that the conditions at Suez, Sault Ste. Marie, and the 

Welland canal are in this respect very favorable, for with 

them the question of sudden floods does not enter. It enters 

in the case of the great ship canal of St. Petersburg-Cron- 

stadt and of those of the Ganges-Brahmaputra delta, but in 

these cases there are no changes of level sufficient to make 

the use of locks necessary. Indeed, the use of locks on ship 

canals whose feeders are subject to sudden and violent floods 

appears to present a new engineering problem, first met in 

the Panama canal. 

Note.—Since reading this paper my attention has been called to two 

remarkable daily rainfalls recorded in Nature, vol. xlviii, pp. 3 and 77. 

At Crohamhurst, Queensland, Australia, from 9 a. m. February 2 to 

9 a. m. February 3, 1893, there fell 35.7 inches of rain. Crohamhurst is 

in latitude 26° 50* south, longitude 152° 55' east, and has an elevation of 

about 1,400 feet above the sea. The report was made by Mr. Clement L. 

Wragge, government meteorologist for the colony. 

Mr. E. Douglas Archibald reports for Chirapunji, Khasia Hills, British 

India,, on June 14, 1876, 40.8 inches of rain. 

These are probably the highest daily rainfalls recorded. 



22 HARRINGTON 

Table I. 

Stations. 

Station. State. 

L
a
ti

tu
d

e
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rt

h
. 

L
o
n
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it
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d
e
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e
s
t.

 

A
lt

it
u
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e
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n
 f

e
e
t.

 

B
e
g
u
n
. 

o
'5

2
 

srva- 
ns. 

■73 
O 

T5 
a 

■ w 

Number 
of 

years. 

Guatemala City. Guatemala. 14° 38' 90° 31' 4,856 1856 1883 13g- yrs. 
Chiacam . 15° 50' 90° 15' 2,789 1890 1892 2 “ 
Chimax .. tt 15° 51' 90° 15' 4,285 1891 1892 2 “ 
Cubilguitz. it 984 1891 1892 20 mos. 
Panzamala. a 4,100 1892 12 “ 
Samae. (( 4,265 1892 6 “ 
Secoyote.. a 3,806 1892 3 “ 
Senahn. . it 3,248 1891 1892 16 “ 
Setal. a 2,395 1891 1892 13 “ 
Oampnr. . it 15° 54' 90° 10' 2,789 1891 1892 8 “ 
Sal am A. it 15° 15' 90° 25' 3,068 1891 1892 12 “ 
Belize. Bi'itish Hon¬ 17° 29' 88° 16' sea 1848 1894 18 yrs. 

duras. level. 
Punta Gorda. tt 16° 20' 88° 35' a 1894 2 mos. 
San Salvador. Salvador. 13° 44' 89° 9' 2,156 1889 1892 40 “ 
Bluefields. Nicaragua. 12° 0' 83° 43' sea 1883 1886 32 “ 

level. 
Greytown. tt 10° 59' 83° 42' 1890 1893 41 “ 
Rivas. 11° 30' 85° 47' 200 1850 1893 16 yrs. 
Granada. it 11° 56' 85° 54' 218 1883 1884 2 “ 
Virgin Bay. it 11° 25' 85° 47' 120 1872 1873 8 mos. 
Corinto... tt 12° 28' 87° 12' sea 1850 1851 13 “ 

level. 
San Jose. Costa Rica 9° 56' 84° 8' 3,724 1866 1891 19 yrs. 
Heredia . .. 9° 59' 84° 9' 3,776 1865 1868 4 “ 
Tres Rios... U 9° 55' 84° 15' 4,265 1889 1890 22 mos. 
Agua Caliente. it 9° 50' 83° 57' 4,364 1889 1890 2 yrs. 
Port Limon. tt 10° 0' 83° 3 sea 1865 1866 11 mos. 

level. 
Colon. Colombia. 9° 22' 79° 55' «( 1862 1888 19 yrs. 
Gamboa. it 9° 10' 79° 43' 102 1881 1888 6 “ 
Naos . t. 8° 57' 79° 31' 46 1881 1888 7 “ 
Taboga island. ti 8° 48' 79° 32' sea 1861 1866 4 “ 

level. 
Panama. 8° 57' 79° 32' it 1879 1882 4 “ 
Napipi river. a 6° 38' 78° 13' 100 1875 2 mos. 



CENTRAL AMERICAN RAINFALL. 23 

Table II. 

Annual Rainfall at Principal Stations in Inches. 

Y
ea

r.
 

G
u
at

em
al

a.
 

B
el

iz
e.

 

S
an
 

S
al

va
¬

 
d

o
r.

 

GQ Cg 
> 
s 

VD m O l“5 
a 
o3 
m C

ol
on

. 

G
am

b
o
a.

 

N
ao

s.
 

P
an

am
a.

 

T
ab

o
g
a 

is
l¬

 
an

d
. 

1848.. 47.2 
1856.. 
1857.. 
1858.. 
1859.. 
1860.. 
1861.. 
1862.. 
1863.. 
1864.. 
1865.. 

63.0 
54.5 
50.2 
59.3 
48.3 
71.7 
48.0 
42.7 
49.8 

71.9 
48.5 
45.2 
30.2 

53.2 
78.8 
75.3 
67.9 
88.9 
59.8 
86.3 

109.4* 
115.7* 
107.4 
129.6 1866.. 63.4 

73.5 
. 56.1 
62.9 
75.1 
75.6 
86.8 
55.8 
60.8 
59.8 
50.4 
53.4 
60.3 
86.4 
61.5 

' 

1867.. 121.6* 
120.4 
114.2 
149.6 
99.6 

170.2 
87.1 

137.7 

1868 
1869 
1870 
1871 . 
1872 . 
1873.. 
1874.. 
1875.. 
1876.. 
1877.. 
1878.. 105.3 

91.3 
77.6 
91.3 
63.0 
79.4 

1879.. 
1880.. 
1881.. 
1882.. 
1883.. 

60.6* 
49.4 
55.2 
49.5 

84.7 
66.3 
70.5 
45.6 

64.4 
79.2 
61.3 
49.8 
54.7 
34.5 
87.2 
74.9 
55.5 
84.4 
31.8 
66.0 
78.3 

105.1 

103.0* 
124.1 
111.7 
104.5 
146.3 
137.2 
159.7* 

69.0 29.5 
37.2 
41.8 
42.6 
69.9 
51.0* 

1884.. 90.6 
97.6 

103.0 
127.4* 

1885.. 89.0 
69.3 

100.2 
72.2 

1886.. 
1887.. 
1888.. 59.2 

85.2 
71.8 
65.2 

1889.. 106.5 
1890.. 
1891.. 34.4 

73.6 1892.. 
1893.. 
1894.. 47.3 

-Refers to maximum. 
* refers to interpolations. No interpolations made for less than nine months of a 

year. 
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Table III. 

Annual Means {adjusted) and Other Annual Values in Inches. 

Station. 
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Vt o3 
>* 
<D 
Pi 
o 

4 p o 
a 
© pi 
o 

& pC5 
© 
Pi 
O 

Guatemala City ... 
Alta Yerapaz (9 
stations). 

54 

155 
28 
79 

184 
72 

100 
260 

65 
52 
66 
90 
68 
65 
60 
48 
89 

122 
95 
49 

145 

204 
85 

0.37 

0.76 
0.33 

72 

222 

16 

100 
10 
22 

3.88 

9.58 
3.39 
7.40 

43 

87 

”47’ 

158 
63 

87 

61 
Salamd,. 
Belize. 105 
Punta Gorda. 
San Salvador. 139 

223 
0.52 
0.45 

106 38 
20 
53 
25 
20 

2.38 34 66 
Bluefields. 
Greytown.. 297 

105 
214 
32 Rivas. 120 0.54 4.58 

Granada.. 
Virgin Bay. 
Corinto. 23 

20 San Jose. 188 
159 
94 

171 

0.36 
0.41 

87 5.04 50 130 31 
Heredia. 
Tres Rios .... .... 23 

14 
23 
32 
24 
20 

3.43 
2.22 

94 
149 Agua Caliente. 

Port Limon. 
0.28 

Colon. 217 
165 
125 

0.56 
0.58 
0.39 

152 
127 
72 

5.17 
6.23 
6.42* 

87 
69 
29 

172 
155 
103 

Gamboa. 
Panama. 

* Wagner, op. cit., p. 16. 
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Table IV. 

MONTHLY RAINFALLS. 

I.—Typical Invierno ; Maxima in Spring or Early Summer and in Early Au¬ 

tumn : Veranillo Brief. 

G
u
a
te

m
a
la

 C
it

y
. 

S
a
la

m
a
. 

S
a
n
 S

a
lv

a
d

o
r.

 

S
a
n
 

Ju
a
n
 

va
l¬

 
le

y
. 

R
iv

a
s.

 

G
ra

n
a
d
a
. 

j 

V
ir

g
in

 b
a
y

. 

C
o
ri

n
to

. 

O 
1-3 

a 
oS 

GQ H
e
re

d
ia

. 

T
re

s 
R

io
s.

 

January. 0.4 0.0 0.0 0.4 0.1 0.4 0.4 0.8 0.3 0.0 
February.. 0.2 0.0 0.1 0.1 0.0 0.3 0.0 0.2 0.0 0.0 
March.. 0.6 0.0 1.0 0.2 0.0 1.4 1.0 0.8 1.0* 
April.. 1.7 0.0 2.8 0.4 0.3 0 1 0.4 1.7 2.2 2.7 
May. 4.8 4.4 8.0 9.1 7.5 0.2 9.1 8.5 8 9 14.4 
June. 11.0 10 5 12 0 14.2 11.1 6.7 14.2 84 8?7 ~8J 
July. 8 7 3.7 19 5 22.6 7.5 3.3 4.9 22.6 8 3 5.7 L2 
August. 9.1 2£ 11.8 11.8 8.1 4.6 8.9 11.8 8.9 5.4 13.0 
September. 9.4 4.5 10.9' 13.2 9.4 9.3 11.0 10.1 11.9 9.1 10.8 
October. 9.0 0.4 6.5 16.9 14.2 12.1 17.9 11.1 14.2 12 6 
November. 08 1.2 2.9 1h9 Ho lh8 Ti 4.5 4.1 lu 
December. 0.3 • 0.0 9.7 1.5 0.1 1.4 3.2 1.2 1.6 0.0 

Annual . 56.0 27.3 70.2 64.9 41.6 92.5 66.5 61.2 69.5 

II.—Rainfall Throughout the Year; Maxima in Early Summer and in 

Autumn. 

C
h

ia
c
a
m

. 

C
h
im

a
x
. 

C
u

b
il

g
u

it
z
. 

P
a
n
z
a
m

a
la

. 

S
a
m

a
c
. 

S
e
c
o
y
o
te

. 

S
e
n

a
h

u
. 

S
e
ta

l.
 

C
a
m

p
u

r.
 

B
e
li

z
e
. 

January. 4.4 4.9 11.4 6.7 3.7 17.3 8.7 5.9 
February.:. 5.5 4.0 5.9 4.3 2.5 10.2 4.4 3.0 
March. 3.2 4.6 4.6* 2.4 3.0 13.6 8.6 1.6 
April . 1.2 2.5 3.2* 0.6 2.4 1.8* 0.9 2.0 
May... 8.5 6.3 8.9 18.1 25.0 27.0 8.0 ' 12.8 1.6 
June. 101.0* 14.1 16.0 22.2 19.9 26.5 28.7 23.9 6.3 
July. 19.0 13.2 22.1 27.9 12.3 38.1 36.5 21.7 27.6 6.3 
August. 14.7 7.0 11.8 15 3 8.1 20.3 13.9 6.8 
September.. 25.9 10.6 18.1 10.6 11.5 19.0 20.0 6.6 
October. 1813 11 8 17.5 19 8 27.8 13.3 25 0 13.5 
November. 13.8 11.8 23 5 16.4 17.5 10.5 27.9 8 2 
December. 38 6.0 1L0 6.1 2.8 5.1 14.3 8.8 7.1 

Annual . 221.7* 96.8 157.0* 1504 169.8 202.4* 68.9 

26.9 
12 2 

Refers to maximum. * Interpolated values. 

4—Bull. Phil. Soc., Wash., Vol. 13. 
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Table IV (Continued). 

III.—Rainfall Throughout the Year ; Maxima in Late Summer and in Winter. 

Bluefields. Greytown. Agua Caliente. Port Limon. 

January.... 6.5 23.3 3.3 23.3 
February. 4.0 7.0 0.3 6.8 
March. 2.5 4.2 1.4 3.7 
April. 2.5 14.2 1.6 3.3 
May. 4.3 18.1 7.4 4.0 
June. 10.8 29.1 5.3 4.4 
July. 18.4 38.4 4.4 5.0 
August. 12.2 26.3 83 9.4 
September. 5.8 11.3 7.2 
October. 5.3 24.2 10.5 1.7 
November. 0.8 30.2 2.4 12.7 
December. 10.4 33.0 5.0 4.8 

Annual .... 92.5 259.3 57.1 

IV.—Invierno in Transition to Southern Hemisphere; Maxima in Spring and 

Autumn; Veranillo Longer. 

Colon. Gamboa. Panama. Naos 
island. 

Taboga 
island. 

January. 3.2 0.5 0.5 0.7 0.1 
February . 1.4 0.5 0.7 0.1 0.0 
March. 1.5 0.4 1.6 0.3 0.0 
April. 36.5 2.7 2.8 1.0 0.6 
May. 11.1 12.2 7.6 5.6 4.8 
June. 13.5 10.5 7.9 4.9 6.1 
July. 15.1 8.8 7.6 4.3- 4.6 
August. 14.8 14.0 6.8 4.8 7.1 
September. 11.5 12.0 7.5 7.1 7.3 
October. 14.6 12.9 9.5 6.5 7.3 
November. 22.7 13.4 11.6 6.5 4.1 
December. 11.0 6.9 2.7 3.5 6.6 

Annual.... 156.9 94.8 66.8 45.3 48.6 

Refers to maximum. 



CENTRAL AMERICAN RAINFALL, 27 

Table Y. 

Days of Rainfall. 

I.—Typical Invierno. 

Station. d 
c3 

42 
© 

M
a
rc

h
. 

A
p

ri
l.

 

>> 
03 

s Ju
n

e
. 

>> 
"s 
t-s 

60 
3 

<1 

| 
S

e
p
t.

 

-4-3 
O 
o 

> 
o 
£ 

© 
© fi A

n
n
u
a
l.

 

Guatemala City. 4 3 3 5 15 23 20 21 22 18 7 4 145 
Salama. 0 3 3 2 14 19 15 8 15 2 4 0 88 
San Salvador. 0 2 3 7 13 23 27 23 21 11 7 2 139 
Rivas...... 4 3 0 1 8 17 13 15 19 22 12 6 120 
San Jos6... 5 2 5 8 21 25 23 25 25 26 15 8 188 
Heredia.. .... 1 1 2 8 18 21 22 18 24 23 14 7 159 
Tres Rios. 0 0 1 7 14 16 10 15 18 11 2 0 94 

II.—Through the year. 

Station. a 
=« 

l“S 
42 

<32 
P M

a
rc

h
. 

A
p
ri

l.
 

| 
M

ay
. 

| 
Ju

n
e
. 

3 
bo 

< 

3, 
<32 
so 

o 
O N

o
v

. 

© 
© 
Q A

n
n
u
al

. 

Chiacam. 20 11 11 10 15 20 21 21 25 20 18 16 208 
Chimax. 15 12 10 9 13 23 23 21 25 21 18 15 204 
Cubilguitz. 10 8 9 6 20 22 26 15 23 23 17 15 194 
Panzamala.. 12 7 6 3 21 19 17 10 11 17 14 8 145 
Senahu. 8 6 13 8 24 27 28 26 28 24 18 21 229 
Setal. 17 12 14 3 15 27 28 24 28 27 15 13 223 
Campur. [15] 13 11 8I 22 25 21 26 27 22 24 21 *231 

III.—Through the year. 

Station. d 
o3 

42 
© 

| 
M

a
rc

h
. 

| 
A

p
ri

l.
 

M
ay

. 

| 
Ju

n
e
. 

3 
t-s A

u
g

. 

S
e
p
t.

 

o 
O 

18 
20 

> 
o 
£ 

22 
12 

© 
© 
P 

12 
19 

eS 
3 
3 
3 

223 
171 

Bluefields. 
Agua Caliente.. 

18 
15 

10 
4 

13 
5 

14 
10 

12 
13 

25 
18 

31 
18 

25 
18 

33 
19 

IV.- -Summer and winter rains. 

Station. 3 
03 

•-S 

43 
© 

| 
M

a
rc

h
. 

j 
A

p
ri

l.
 

>> 
«3 

a Ju
n
e
. 

Ju
ly

. 

to 
3 

S
e
p
t.

 

O
ct

. > 
o 
£ 

© 
© 
Q A

n
n
u
a
l 

Colon and Aspinwall. 11 10 7 10 20 23 25 24 21 22 25 19 217 
Gamboa. 3 2 2 8 19 18 19 21 21 20 21 11 165 
Naos island. 4 1 1 5 13 13 12 15 15 17 17 12 125 
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Table VI. 

Bays of more than 1 mm. of Rainfall. 

I.—Typical invierno. 

Station. a 
►"3 F

e
b
. 

M
a
rc

h
. 

| 
A

p
ri

l.
 

>> 
<3 

Ju
n

e
. 

3 
1-5 

60 
S3 

<3 

+3 ft 
® 
32 

o 
O 

> 
o 
& 

4 
8 
2 

© 
© ft 

0 
4 
0 

oS 
S3 
S3 
S3 

<3 

63 
130 
94 

Salama. 
San Jose. 
Heredia... 

0 
2 
0 

0 
2 
0 

0 
0 
1 

0 
2 
7 

11 
16 
14 

15 
20 
16 

12 
13 
10 

6 
22 
15 

13 
23 
18 

2 
18 
11 

II.—Rainfall through the year. 

Station. a 
c3 

•“5 

X! 
0) 
P 

A 
© 
s 

$ 

>> oS 
£ 

© 
S3 
S3 

1-5 

>> 
3 
1-5 

60 
S3 

<3 

ft 
© 

CQ 
"© 
O 

> 
o 
£ 

6 ' 
<D 
Q 

cS 
S3 
S3 
S3 

<3 

Chimax. 7 12 7 9 6 18 23 16 22 20 15 15 170 

III.—Rainfall through the year. 

Station. 
d 
cS 

•“5 

rQ 
© 
P 

-d 
© 
s 

§ 

*?H ft 
<5 s 

© 
S3 
33 

t“5 

>> 

3 
1-5 

60 
S3 

<3 

ft 
© 

CO 

+3 
o 
O 

> 
o 
£ 

© 
© 
P 

S3 
S3 
a 

<J 

Agua Caliente. 15 
17 

3 
4 

4 
2 

8 
10 

13 
13 

17 
18 

17 
18 

18 
16 

16 
16 

19 
17 

9 
12 

10 
17 

149 
160 Bluefields. 

IV.—Rainfall through the year. 

Gamboa.. 
Naos island 
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Table VII. 

Maximum Rainfall in one Bay. 

I.—Typical Invierno. 

Ja
n
. 

F
e
b
. 

M
a
rc

h
. 

A
p
ri

l.
 

M
ay

. 

Ju
n

e
. 

>> 
3 
l-S ■ A

u
g

. 

S
e
p
t.

 

O
ct

. 

N
o
v
. 

D
e
c
. 

M
a
x

. 

Guatemala City. 1.57 0.72 1.17 2.22 1.93 3.00 2.96 3.88 3.37 332 1.00 0.29 3.88 
Rivas. 1 36 0.33 0.07 0 67 4 09 3.40 2.71 3 98 2.83 4.58 3.15 1.21 4 58 
San Jos6.. 0.51 0.08 0 79 0,75 3.31 2.05 5,04 2.40 2.40 2.24 1.02 0.42 5.04 
Tres Rios. 0.0 0.0 1.02 1.22 3.31 1.77 1.18 1.69 1.38 3.43 1.57 0.0 3.43 

II.—Rainfall throughout the year. 

Ja
n
. 

F
e
b
. 

M
a
rc

h
. |

 

A
p

ri
l.

 

M
ay

. 
1 

Ju
n

e
. 

Ju
ly

. 

A
u
g
. 

S
e
p

t.
 

O
ct

. 

N
o
v
. 

D
e
c
. 

M
ax

. 

Belize.. 
Setal. 

2.0 1.2 1.5 0.5 2.2 1.5 1.6 7.4 60 4.7 3 1 4.2 7.4 
9.6 

III.—Rainfall throughout the year. 

d 
c3 

£ 
(D 

o 
u 
cS 

§ 
Cl, 

<1 

>> 
c3 

s 

© 
a 
2 

*-z 

>» 

3 
►-s 

2 
< 

Cu 
<D 

CO 

o 
O 

> 
o 
£ 

6 
© ft 

a 

s 

Bluefields. 
Agua Caliente. 

2.4 
0.6 

1.2 
0.5 

1.0 
1.4 

0.7 
0.8 

1.0 
2.0 

1.5 
1.1 

3.4 
1.5 

1.6 
1.9 

1.4 
1.3 

0.6 
2.2 

1.3 
0.7 

1.4 
1.9 

34 
2.2 

IV.—Rainfall summer and winter. 

2 
o3 

*-s 

,Q 

3 
o 

3 
S < 

>> 
03 

s 

6 
d 
a 3 

l-S 

SJC 
2 
< 

-A 
cu 
© 

CO 
O 
O 

cJ 
© ft 

o3 

£ 

Colon. 
Gamboa. 
Naos island. 

1.2 
1.0 
0.8 

1.8 
0.5 
0.2 

0.6 
0.4 
1.3 

4.5 
2.8 
1.0 

4.1 
38 
2 5 

3.3 
5.5 
2.4 

4.2 
3.2 
26 

5.6 
6 2 
1.9 

3.2 
3.2 
3.1 

4.7 
5.4 
1.8 

6 2 
4.0 
2.2 

3.8 
3.4 
2.1 

6.2 
6.2 
3.1 
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Table VIII. 

AMOUNTS OF HOURLY RAINFALL. 

Mean for three Years (1889-91). 

Station, San JosS, Costa Rica. 

d 
cS 

,Q 
<D ft M

a
rc

h
. 

A
p

ri
l.

 

M
a
y

. 

J
u
n
e
. 

J
u
ly

. 

bt) 
3 

<1 

a. 
CD 

CG O
c
t.

 

> 
o o 

<D ft 

Midnight to 1 a. m. 0.0 0.0 00 0.0 0.0 0.0 0.1 0.1 0.0 0.3 00 0.0 
1 to 2 a. m. 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 03 0.0 0.1 
2 to 3 tf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.4 0.0 0.0 
3 to 4 “ .. 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
4 to 5 “ . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 
5 to 6 u .;. . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 
6 to 7 ft 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 
7 to 8 ft 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 
8 to 9 “ . 0.1 0.0 0.0 0.0 o.u 0.1 0.1 0.1 0.0 0.0 0.0 0.0 
9 to 10 ft 0.0 00 0.0 0.0 0.0 0.1 0 0 01 00 0.0 0.0 0.0 

10 to 11 tf 0.0 00 0.0 0.0 0.0 02 01 0.1 0.1 0.1 0.0 01 
11 to 12 m. 0.0 0.0 0.0 0.1 0.0 01 0.5 0.3 02 0 2 00 0.1 
Noon to 1 p m.... 00 0.0 0.0 02 0.0 05 0.7 0 5 0.7 0.3 0.2 0 1 

1 to 2 p. m. 0.0 0.0 0.2 0.2 0.5 0.9 0.9 0.5 1.0 1.0 0.3 00 
2 to 3 u M .... 00 0.0 0.1 0.4 0.4 1.0 1.4 1.2 0.9 1.2 0.4 0.1 
3 to 4 u 0.0 0.0 0.3 0.1 1.2 1.0 1.8 1.4 3.0 1.2 0.4 0.1 
4 to 5 ft 0.0 0.0 0.2 0.1 1.9 1.5 1 6 2.0 2.2 2.1 0.4 o.o 
5 to 6 0.0 0.0 0.0 0.2 1.8 1.6 1.0 1.3 2.0 1.8 0.3 0.0 
6 to 7 

ft 0.0 0.0 0.0 0.4 1.6 0.7 0.6 0.9 1.2 2.1 0.4 0.0 
7 to 8 “ .... . 0.0 0.0 0.1 0.1 0.9 0.6 0.5 0.8 0.6 1.0 0.4 0.0 
8 to 9 ft 0.0 o.c 0.0 0.0 0.4 0.2 0.3 0 4 0.6 0.6 0.2 0.0 
9 to 10 0.0 0.0 0.1 0.0 0.2 0.1 0.1 0.2 0.2 0.6 0.1 0.0 

10 to 11 “ ....... 0.0 0.0 0.0 0.1 0.3 0.1 0.0 0.1 0.1 05 0.1 0.0 
11 to midnight... 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.4 0.0 0.0 
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RESULTS OF A TRANSCONTINENTAL SERIES OF 

GRAVITY MEASUREMENTS. 

BY 

George Rockwell Putnam. 

[Read before the Society, February 2, 1895, and published by permission 
of the Superintendent of the U. S. Coast and Geodetic Survey.] 

The value of pendulum measurements of gravity in con¬ 
nection with problems important alike to geodesy and terres¬ 
trial physics can be fully developed only by their systematic 
distribution over the earth’s surface. A prominent member 
of this Society wrote a few years since “pendulum observa¬ 
tions are far too few for the wants of geographic or geologic 
science.” The great expense and labor connected with these 
determinations, using the older instruments and methods, 
acted as such a prohibition to their extension that the entire 
subject was practically neglected for half a century, but 
within recent years interest has revived to so great a degree 
that the total number of stations determined is now prob¬ 
ably five times the number available (122) when Professor 
Helmert, in 1880, made his elaborate discussion of pendulum 
observations to deduce the figure of the earth. This has 
been largely brought about by the introduction of more 
portable apparatus. A quarter meter pendulum and an 
elegant method of using a chronometer in observing coinci¬ 
dences were first employed by Lieutenant Colonel Yon Ster- 
neck, in Austria, about thirteen years ago, and the use of a 
half meter pendulum was developed by Commandant Def- 

5—Bull. Phil. Soc., Wash., Voh 13. (31) 
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forges, in France, a little later. At present almost every 

nation carrying on geodetic surveys has taken up this sub¬ 

ject to a greater or less extent. A few years since, Dr. T. C. 

Mendenhall designed for use on the Coast and Geodetic 

Survey a half second pendulum apparatus differing in im¬ 

portant respects from that used in Austria, although previous 

to that time valuable experimental and field research had 

been carried on for the Survey in this line by Mr. Charles S. 

Peirce, Mr. E. D. Preston, and others, principally in connec¬ 

tion with various foreign expeditions. During the past year 

an extensive series of gravity measurements was made in the 

United States with the half second pendulums, employing 

convenient methods not heretofore thought applicable to 

such small apparatus, and in addition instruments more 

portable than any before used, were tested. It is the pur¬ 

pose of the present paper to briefly describe this work and 

to give a summary of the results. 

Measurements of the force of gravity relative to the base 

station, Washington, were made at twenty six stations, the 

fieldwork occupying 150 days. The famous series carried 

out in India in connection with the Great Trigonometrical 

Survey, comprising thirty one stations, required six years for 

its completion. Some allowance should, however, be made 

for the poor transportation facilities existing there. It is 

true that work more rapid than that of the past season, has 

been performed in Europe, but this has been done only by 

using approximate methods in rating chronometers and in 

comparing the pendulums therewith. Of the present series 

as planned by Dr. Mendenhall, eighteen stations follow at 

fairly systematic intervals the course of the transcontinental 

triangulation along the thirtyninth parallel as far west as 

Salt Lake City; the others are located further north, in the 

eastern and central part of the country, with three stations 

in the Yellowstone park. The series along the thirtyninth 

parallel, on account of the wide variety of orographic feat¬ 

ures traversed so nearly in the same latitude, is peculiarly 

well adapted to throw light on important questions, such as 
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the continental variation of gravity, the condition of the 

earth’s crust, and the proper method of reduction to sea 

level. This line of stations, commencing at the Atlantic 

coast, ascends to near the crest of the Appalachians, trav¬ 

erses the great central plain, gradually increasing in altitude 

from 495 to 6,041 feet (151 to 1,841 meters); then rises to 

the high elevations of the main chain of the Rocky moun¬ 

tains, reaching an altitude of 14,085 feet (4,293 meters) at 

Pikes Peak; descends into the eroded valleys of the Grand 

and Green rivers, crosses the summit of the Wasatch ridge, 

and finally descends to the great western plateau of the con¬ 

tinent. 

The half second pendulum apparatus used in this work 

was exhibited before this Society in February, 1891, and is 

described in the Report of the Coast and Geodetic Survey 

for 1891, pages 503 to 564, so that only a brief description is 

needed here. The complete outfit comprised a set of three 

quarter meter invariable pendulums, an air tight case in 

which they were swung, a dummy or temperature pendu¬ 

lum, flash apparatus, light air pump, dry cells and various 

other accessories, a portable astronomical transit suitable for 

either time or latitude observations, a small chronograph, 

and an astronomical tent. Including packing cases, the 

whole weighed about 700 pounds (318 kilograms). The 

pendulums are of the new type, with agate knife-edge and 

plane inverted from the usual position, following the idea 

of Dr. Mendenhall. The case is a heavy metal one, provided 

with leveling screws, windows, arrangements for starting, 

stopping, raising, and lowering the pendulums from the out¬ 

side, and is air tight when the lid is properly placed. There 

is a microscope for reading the arc of oscillation, and a small 

pendulum with level tube in its head for making the knife- 

edge horizontal. The temperature is obtained from a ther¬ 

mometer whose bulb is inserted in the stem of a dummy 

pendulum, which is of the same size and metal as the swing¬ 

ing one and is held in the case near it. The pressure is read 

by a small manometer hung in the case, the air being ex- 
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hausted to about 2.4 inches (60 millimeters) with a portable 

air pump. The flash apparatus is for the purpose of observ¬ 

ing coincidences between a chronometer and a swinging 

pendulum. An electromagnet in circuit with a break circuit 

chronometer moves a shutter at the end of each second, thus 

throwing a flash of light through a narrow slit. The image 

of this slit is seen in an observing telescope as reflected from 

two mirrors, one moving with the pendulum and the other 

fixed. As the pendulum is slightly slower than the chro¬ 

nometer, the image reflected from its mirror will be seen in a 

somewhat retarded position at the end of each second, and 

once in five or six minutes the two images will be in the 

same horizontal line, which is the moment of coincidence. 

Between two such phenomena it is evident that the pendu¬ 

lum makes one less oscillation than twice the number of 

seconds beat by the chronometer, and hence its period is 

easily deduced. These pendulums are of the invariable 

type—the theory of their use depending on the length re¬ 

maining constant except for changes due to temperature. 

Their periods at different stations are then inversely pro¬ 

portional to the square root of gravity, after allowance has 

been made for all variations of conditions which influence 

the time of oscillation. To eliminate these disturbing effects 

the observed periods of the pendulums require five correc¬ 

tions, known as the arc, temperature, pressure, rate, and 

flexure corrections. By applying these the periods are re¬ 

duced to what they would have been under certain standard 

conditions, those adopted for this work being: arc, infinitely 

small; temperature, 15° C.; pressure, 60 millimeters at 0° C., 

true sidereal time and inflexible support. The arc correc¬ 

tion is based on the usual theoretical reduction and the 

assumption that the arc diminishes in geometrical ratio as 

the time increases in arithmetical ratio. The effects of 

changes of temperature, pressure, and flexibility of support 

were investigated experimentally and coefficients deduced. 

An elegant comparative method, first used by Airy,* was 

*Phil. Trans, of the Royal Society, 1856, p. 297. 



GRAVITY MEASUREMENTS. 35 

employed for this purpose. The pendulum whose coefficients 

were desired was swung successively under the various con¬ 

ditions to be investigated, while in another room a second 

pendulum whose period was known was swung simultane¬ 

ously under uniform conditions. By suitable electric con¬ 

nections the same chronometer was used in observing both 

pendulums and its rate deduced from the observations with 

the second pendulum. With this rate correction applied, the 

periods of the first pendulum were obtained entirely free 

from the irregularities of rate of chronometer. This same 

method, which obviates the necessity for time observations, 

has been applied successfully in this country and elsewhere 

for comparing gravity at two distant stations telegraphically 

connected. 

The following are the corrections in seconds that were 

applied in reducing to standard conditions: 

Arc correction = — 
PM sin (<p 4- (pf) sin (<p — <p') 
32 log sin <p — log sin <p' 1 

where Pis period in seconds, M is modulus of common loga¬ 

rithmic system, <p and <pf are initial and final semi-arcs. 

Temperature correction = + 0.00000419 (15— T), 
where T is observed temperature in degrees centigrade. 

Pressure correction = + 0.000000101 
Pr 

1+.00367 T° ] 
where Pr is observed pressure in millimeters, and T is tem¬ 

perature. 
Rate correction = 0.00001157 R P, 

where P is period and R is "daily rate on sidereal time in 

seconds, + if losing, — if gaining. 

Flexure correction = — 0.00000065 D, 

where D is the observed movement of the knife-edge in 

microns when a force of 1.5 kilograms is applied horizontally 

in the plane of oscillation. 

The flexure coefficient used as derived from experiment 

differs slightly from that deduced from the theoretical for- 
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mula,* but the difference is unimportant in view of the 

small flexure actually encountered. The flexure was meas¬ 

ured by mounting a microscope independently of the case 

and observing the movement of a glass scale placed above 

the knife-edge when a weight was applied at the end of a 

cord running over a pulley and attached near the edge, the 

force acting horizontally in the plane of oscillation. Of 

course, endeavor was made to have the conditions as uniform 

as practicable at the various stations. The arc and pressure, 

being controllable, were always nearly the same; favorable 

temperature conditions were obtained by setting up the 

apparatus in basement rooms wherever possible; the chro¬ 

nometers were well protected and not disturbed during the 

course of observations at a station, a hack watch taking 

their place in noting the instant of coincidence; and the 

receiver was mounted on masonry piers, stone foundations, 

or concrete floors, except at one station (Norris Geyser basin), 

wThere it was necessary to use wooden posts. 

In this work methods not before used with short pendu¬ 

lums were adopted, with the result, it is believed, of saving 

labor and increasing accuracy. Heretofore half second pend¬ 

ulums have been swung either in the open air (as in Europe) 

or at about two thirds atmospheric pressure (as in this coun¬ 

try). Under either of these conditions the diminution of 

arc is so rapid that the length of single swings has ordi¬ 

narily been limited to about an hour, and this practically 

requires the constant attendance of the observer while the 

observations continue. With this method a large amount 

of labor (including night work) is required to make the 

*dT — —-, where T is the period of the pendulum, dPis the change 
2^. A 

of period on account of flexure of the support, e is the elasticity or displace¬ 

ment divided by force applied, P is the weight of the pendulum, h is dis¬ 

tance center of gravity to center of suspension, and X is distance center of 

oscillation to center of suspension. See “ Comptes Rendus de la Cinqui- 

eme Conference Geodesique International, 1877, Annexe la, Ib,” pa¬ 

pers by C. S. Peirce and Cellerier; also Report Coast and Geodetic Survey 

for 1881, Appendix 14. 
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swings cover the entire interval between time observations 

on succeeding nights ; or, if this is not done, it must be as¬ 

sumed that the rate of the chronometer during the few 

hours of observation is uniform with its daily rate, an as¬ 

sumption which experience has shown may be considerably 

in error. On the construction of an improved and quite 

portable air pump weighing but six pounds (2.7 kilograms), 

designed by Mr. Fischer, chief mechanician of the Coast and 

Geodetic Survey, it was found possible to reduce the air 

pressure in the receiver to less than one tenth of an atmos¬ 

phere in a few minutes, and experiment showed that at such 

a low pressure the length of swing could be extended to 

twentyfour hours if desired, though as a matter of conve¬ 

nience and to avoid very small arcs a length of eight hours 

was adopted.* An initial total arc of 55' was used, which 

falls off to about 20' in eight hours. A modification of the 

method of observing coincidences was also introduced. As 

a result of these smaller arcs the images were found to over¬ 

lap for several seconds, but by taking the mean of their first 

and last contacts great accuracy in observation could still 

be obtained even when the arc became as small as 5'. Each 

of these pendulums was swung twice—once direct and once 

reversed—the observations thus extending over fortyeight 

hours, so as to begin and end with time observations. If 

these were prevented by cloudy weather the swings were 

continued until time was obtained, but the very favorable 

conditions experienced during the past season rendered this 

necessary in only a few cases. Usually only three coinci¬ 

dences were observed at the beginning and at the end of 

each swing, these being sufficient to give without uncer¬ 

tainty the total number that had occurred. Two chronom¬ 

eters were used in the pendulum observations, coincidences 

being observed alternately with each. By a suitable switch 

*A plan of observation somewhat different from that here described 

was used on the first short trip, including the determinations at Cam¬ 

bridge, Boston, and Ithaca. 
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arrangement either could be thrown into the flash circuit 

or on to the chronograph. The advantage in the use of 

two chronometers is in the constant check that the compar¬ 

ison of results furnishes against errors of observation or 

computation, and also in the safeguard against accident to 

either time piece. The comparison of the average periods 

of the three pendulums as derived separately from the two 

chronometers at all the stations shows an average difference 

of only .0000001 second, and the maximum at any station 

is only .0000004 second, thus indicating practically the total 

elimination of errors due to diurnal irregularities of rate. 

By comparing the results for separate swings we have some 

measure of the size of these irregularities, amounting in one 

case to .0000027 second, which corresponds to a relative 

variation of daily rate of 0.5 second. The flexure of the 

case and support was measured at all stations and the periods 

corrected accordingly. 

The rates were derived from observations of about eight 

stars made each favorable evening with a portable transit in 

the meridian, usually mounted on wooden posts well braced. 

These observations, as well as the chronometer comparisons, 

were recorded on a chronograph. At three stations the rates 

were kindly furnished by observatory authorities, and at 

several others fixed observatory instruments were used. The 

rather unusual privileges required for the suitable location 

of the stations in the basements of public or private build¬ 

ings were always courteously granted. The astronomical 

tent was ordinarily set up near by. The geographical posi¬ 

tions of the stations were obtained either by connection with 

known points in the vicinity or by approximate determina¬ 

tions, the latitude by observing a few pairs of stars by Tal- 

cott’s method and the longitude by comparing the chronom¬ 

eter corrections at succeeding stations. The elevations 

adopted are mostly based on the data given in Mr. Gannett’s 

“Dictionary of Altitudes in the United States.” Approxi¬ 

mate connection was always made between the pendulum 
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station and the known point by hand level. In the field¬ 

work the writer had the efficient assistance of Mr. C. E. Men¬ 

denhall at fifteen stations and of Mr. S. B. Tinsley at three 

stations. At eight stations the observations were conducted 

without aid. 

To avoid objections that might be raised to swinging three 

pendulums upon a single knife-edge, and to guard against 

injury to it, an extra or standard edge was provided, upon 

which the pendulums were swung at Washington and at two 

other stations. Although the ordinary knife-edge (marked 

A I) had about four times as much use as the standard 

(marked A II), the independent determinations of the pend¬ 

ulum periods on the two knife-edges show a fairly constant 

difference, indicating no wear sufficient to materially affect 

the periods. Comparisons were made by a complete series 

of swings covering forty eight hours on each edge, and the 

mean periods of the three pendulums, reduced to standard 

conditions, are given below: 

Period 
on A I. 

Period 
on A II. 

Differences, 
A I—A II. 

Washington, D. C.. 
Washington, D. C.. 
Chicago, Illinois... 
Denver, Colorado.. 

June23-27,1894.... 
Oct. 31-Nov. 4,1894. 
Julv 11-16,1894.... 
Sept. 5-10, 1894.... 

s. 
.5007124 

7121 
6697 
8409 

s. 
.5007110 

7108 
6689 
8392 

s. 
+.0000014 
+ 13 
+ 08 
+ 17 

Mean... +.0000013 

The periods of the half second pendulums have been de¬ 

termined at the base station at Washington six times during 

the past year on knife-edge A I and using the system of 

eight hour swings and low pressures, with the following re¬ 

sults : * 

*The transcontinental series of observations at twenty stations was 

made between the fourth (June 23-27) and fifth (October 31-November 4) 

determinations of period at Washington given in the table. 

6—Bull. Phil. Soc., Wash., Vol. 13. 
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1 April 25-27,1894. 16° C. 
s. 
.5008406 

s. 
.5006662 

s. 
.5006300 .5007123 

2 May 10-12,1894. 19 8404 6666 6304 7124 
3 May 31-June 2, 1894.. 17 8408 6664 6302 7124 
4 June 23-25, 1894. 23 8408 6662 6302 7124 
5 Oct. 31-Nov. 2, 1894... 

Jan. 11-13, 1895. 
17 8400 6656 6306 7121 

6 11 8404 6677 6294 7125 

The agreement of the means shows a satisfactory perma¬ 

nency of period, and as the determinations were made at 

different seasons of the year and at various temperatures the 

results may also be taken as throwing some light on the in¬ 

variability of gravity and on the reliability of the tempera¬ 

ture coefficient, although it is possible that some of these 

elements compensate each other. 

The value of g for each station was derived separately for 

each pendulum by comparing its period there with the aver¬ 

age of its periods at Washington before and after the expe- 
P 2 

dition, computing by the simple formula g0 — j~-g . For 
o 

gw the provisional value heretofore adopted, 980.098 dynes 

(or centimeters in terms of acceleration), at the Coast and 

Geodetic Survey Office was used. This was adhered to for 

convenience, although an elaborate determination of the 

absolute force of gravity made at Washington, in October, 

1893, by Commandant Defforges of the “ Service Geograph- 

ique” of France gave a somewhat larger value, 980.165.* 

Large discrepancies appear among the results of the best 

determinations of absolute gravity made at the base stations 

* ‘‘ Comptes Rendus de l’Academie des Sciences,” 29 January, 1894. For 

description of the apparatus and elegant methods developed and used by 

Commandant Defforges, see 11 Memorial du Depot General de la Guerre, 

tome xv, Observations du Pendule,” Paris, 1894. 
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in Europe, as will be seen by examining the accompanying 

Table A of values reduced to Washington, the results rang¬ 

ing from 980.047 to 980.285, with a mean of 980.107 (omit¬ 

ting Kater’s discordant result), not very different from the 

adopted provisional value. Of course these results involve 

the errors of the relative connections, which in some cases 

are not satisfactory, but these are thought to be small in 

comparison with the discrepancies in the absolute measure¬ 

ments themselves. 

Table B gives for each station the values of g derived from 

each pendulum, with the mean of the three and the differ¬ 

ences from the mean. The largest single discrepancy of 

any result from the mean is seen to be .006 dyne, or about its 

Te oVo o part. 
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Table A. 

Absolute Determinations of the Force of Gravity, with Results referred to Wash¬ 

ington, Coast and Geodetic Survey Office (not reduced to sea level). 

30 

Observer. 

Peters. 

Preston.. 

Sabine. 

Lorenzoni. 

Anton.. 
Peters , 

Peters . 

Bessel. 

Peirce. 

Plantamour.. 

Plantamour., 

Mahlke. 
Heaviside. 

Peirce 

Peirce 

Biot ... 
Bessel, 

Biot .. 
Pucci and Pisati 
Oppoizer. 

Von Orff. 

Messerschmitt.., 

Biot ... 
Borda.. 
Peirce 

Mendenhall. 
Defforges. 

Defforges. 

Defforges. 

Kater. 

Date. 

1890 

1829 

1886 

1878 
1869 

1870 

1826-27 

1875 

1869 

1865-71 

1891 
1874 

1876 

1876 

1825 
1835 

1824 
1882 
1884 

1877 

1889 

1824 
1792 
1876 

1880 
1893 

1888 

1889-90 

1817 

Place of deter¬ 
mination. 

Berlin. 

Washington.... 

Greenwich. 

Padua. 

Berlin , 
Altona. 

Konigsberg. 

Konigsberg. 

Geneva. 

Berne . 

Geneva. 

Hamburg., 
Kew.. 

Berlin. 

Kew. 

Padua. 
Berlin 

Milan.... 
Rome.... 
Vienna. 

Munich., 

Zurich... 

Paris 
Paris 
Paris 

Tokio. 
Washington.... 

Greenwich 

Paris. 

London. 

Apparatus. 

Lohmeier reversible 
pendulum. 

Peirce reversible pendu¬ 
lum. 

Kater convertible pendu¬ 
lum. 

Repsold reversible pend¬ 
ulum. 

Lohmeier reversible 
pendulum. 

Lohmeier reversible 
pendulum. 

Ball and wire, two 
lengths, differential. 

Bessel reversible pendu¬ 
lum. 

Bessel reversible pendu¬ 
lum. 

Bessel reversible pendu¬ 
lum. 

Kater convertible pendu¬ 
lum. 

Bessel reversible pendu¬ 
lum. 

Bessel reversible pendu¬ 
lum. 

Ball and wire, two 
lengths, differential. 

Bessel wire pendulum. 
Repsold reversible pend¬ 

ulum. 
Repsold reversible pend¬ 

ulum. 
Repsold reversible pend¬ 

ulum. 

Ball and wire. 
Bessel reversible pendu¬ 

lum. 
Ball and wire. 
Two reversible pendu¬ 

lums, differential. 
Two reversible pendu¬ 

lums, differential. 
Two reversible pendu¬ 

lums, differential. 
Kater convertible pendu¬ 

lum. 

Result reduced 
to Washing¬ 
ton. 

L
e
n
g
th
 s

ec
¬

 
o
n
d
s 

p
en

d
¬

 
u
lu

m
. 

G
ra

v
it

y
. 

Cm. Dynes. 
99.2995 980.047 

.2998 .050 

.3005 .056 

.3007 .058 

.3011 .062 

.3013 .065 

.3017 .068 

.3021 .072 

.3022 .073 

.3024 .075 

.3028 .079 

.3033 .084 

.3036 .087 

.3048 .099 

.3051 .102 

.3054 .105 

.3055 .101 

.3062 .113 

.3065 .116 

.3085 .135 

.S088 .138 

.3092 .143 

.3098 .148 

.3102 .153 

.3109 .159 

.3114 .164 

.3115 .165 

.3134 .184 

.3144 .194 

.3236 .285 
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Table B. 

Values of g Computed from Each Pendulum and Knife-edge. 

N
u

m
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 Station. 

K
n
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e
. 

g (in dynes). Differences from 
mean. 
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A
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u
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A 4. A 5. A 6. 

1 Boston, Mass. I 980.381 980.381 980.384 980.382 —.001 —.001 +.002 
2 Cambridge, Mass. I 980.385 980.382 980 386 980.384 + 1 — 2 + 2 
3 Princeton, N. J. I 980.163 980.166 980.163 980.164 — 1 + 2 — 1 
4 Philadelphia, Penn. 1 980.183 980.182 980.182 980.182 + 1 , 0 0 
5 Washington (Coast and 

Geodetie Survev). I, II 980.098 
6 Ithaca, N. Y. I 980.284 980 288 980.285 980 286 _ 2 + 2 — 1 
7 Charlottesville, Va. I 979.922 979 925 979.926 979.924 — 2 + 1 + 2 
8 Deer Park, Md... I 979.920 979.923 979.920 979 921 — 1 + 2 — 1 
9 Cleveland, Ohio. I 980.225 980.225 980.230 980.227 — 2 — 2 + 3 

10 Cincinnati, Ohio. I 979.991 979.987 979.993 979.990 + 1 — 3 + 3 
11 Terre Haute, Ind. I 980.056 980.061 980.058 980 058 — 2 + 3 0 
t o Gln'/ioirn Til I 980.267 980.262 980.264 980.264 + 3 — 2 0 
JLZ omeago, in...•< 

II 980.263 980.263 980.262 980.263 0 0 — 1 
13 St. Louis, Mo.... I 979.985 979.985 979 990 979.987 — 2 —. 2 + 3 
14 Kansas City, Mo. II 979.977 979.973 979.979 979.976 + 1 — 3 + 3 
15 Ellsworth, Kan. I 979.912 979.911 979 913 979.912 0 — 1 + 1 

16 Wallace, Kan. I 979.743 979.735 979 744 979.741 + 2 — 6 + 3 
17 Colorado Springs, Colo.. I 979.479 979.472 979.476 979.476 + 3 — 4 0 
1 Q 

r I 979.597 979.595 979.592 979 595 + 2 0 — 3 
lo Denver, Colo.■< II 979 597 979 597 979.595 979.596 + 1 + 1 — 1 
19 Pikes Peak, Colo. I 978.940 978.939 978.941 978.940 0 1 + 1 
20 Gunnison, Colo. I 979.327 979.324 979.332 979.328 — 1 — 4 + 4 
21 Grand Junction, Colo.... I 979.616 979 618 979.623 979.619 — 3 — 1 + 4 
22 Green River, Utah. I 979.626 979.619 979.620 979.622 + 4 — 3 2 

23 Grand Canyon, Wyo. I 979 890 979.882 979.884 979.885 + 5 — 3 — 1 
24 Norris Basin. Wyo.. I 979.935 979 938 979.934 979.936 — 1 + 2 — 2 
25 Lower Basing Wyo. I 979 919 979.918 979.918 979.918 + 1 0 0 
26 Pleasant Valley, Utah... I 979 497 979.500 979.497 979.498 1 + 2 — 1 

27 Salt Lake City, Utah. I 979.788 979.785 979.793 979.789 — 1 4 + 4 

In reducing pendulum observations to the sealevel 

Bouguer’s formula has been very generally used. This is 
H ( 3 d\ 

dg = + 2g — (1 —^ > where dg is the correction to ob¬ 

served gravity, g is gravity at the sea level, H is elevation 

above sea level, r is radius of the earth, d is density of mat¬ 

ter lying above sea level, and 4 is mean density of the earth. 

The first term takes account of the distance from the earth’s 

center and the second term of the vertical attraction of the 

matter lying between the sea level and station on the sup¬ 

position that the latter is located on an indefinitely extended 

horizontal plain. Whenever the topography about a station 

departs materially from this condition a third term must be 
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added to the above formula, being a correction to the second 
term or to observed gravity on account of such irregularities.* 
This topographical correction will always be positive, as the 
effect of all deviations from the horizontal plain,, whether 
hills or mountains rising above the station or valleys or 
canyons lying below it, will be to diminish the force of 
gravity. It is evident that an elevation of any sort exactly 
neutralizes the vertical attraction of a similar but inverted 
mass below the station level, so that the removal of both 
would not change the force of gravity at the station. This 
correction may be readily computed for any point where 
contour maps of the surrounding country are available by 
describing thereon concentric circles about the station and 
drawing radial lines therefrom at equal angular distances, 
or such a figure may be drawn on tracing paper and used 
on successive maps. The space included between two circles 
may be designated as a zone, and the part of a zone between 
two radii as a compartment. The vertical attraction of a 
cylinder of radius a, height h, and density d on a point at 
one extremity of its axis will be 

2 ~d (a + h — j/a2 + h2). 

As a zone is the difference between two cylinders, say of 
radii a and a\ its vertical attraction will be 

2 7zd (a — a' — }/a2 -j- A2 -f- j/ a'2 -j- A*). 

The attraction at its surface, of the earth considered as a 
sphere is f n A r, where 4 is the mean density and r the 
radius of the earth. Therefore the effect on gravity of a 
zone is 

which becomes with a sufficient degree of approximation 
when h is small compared with a 

* The method of computing this correction here described is partially 
similar to that given by Professor Helmert, “ Geodasie,” vol. II, p. 169. 
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This approximate formula may be readily computed with 

a table of squares and reciprocals if convenient numbers are 

taken for a' and a, and will be sufficiently accurate except 

when the topography is very uneven near the station, in 

which case the preceding formula must be used, h is to be 

taken for each compartment as the difference in elevation, re¬ 

gardless of sign, between the station and the average surface 

of the compartment. As this will vary for different portions 

of a zone, the parts of the formula involving h must be com¬ 

puted separately for each compartment therein and the 

mean applied in the formula for the zone. When these 

zones have been carried to such a distance from a station 

that their effect becomes small, the vertical attraction for 

the remaining region may be computed by the formula 

dg = (Va? + K — a), 

where a is the outer radius of the last zone, this being the 

formula for the difference between an infinite plain of thick¬ 

ness h and a cylinder of height h and radius a. The area 

immediately about the station within the first circle may 

often be neglected as approximately level, or otherwise the 

effect of its irregularity may be computed by taking the 

difference between a cylinder and a cone, the formula be¬ 
coming 

, 3 q d ( ^ a2 ; \ 
dg 2 r d\ i/a2 + li‘) ’ 

where a is the radius and h the difference of elevation at 

distance a from the station taken for each compartment 

separately, keeping in mind always that we are computing 

only the correction to the vertical attraction of an infinite 

horizontal plain through the station and therefore only need 

take account of deviations therefrom. The total correction 

for a station will of course be the sum of the corrections for 

the separate zones. Where the station is at the summit of 

a small hill rising out of a comparatively level country, it 

will generally suffice to treat the hill as a cone, without 
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dividing the country into compartments. The formula for 
this case is 

dg = A£i y 
y 2 r A y/a2 + h? 

which represents the difference between the vertical attrac¬ 

tion of an infinite plain of thickness h and a cone of height 

h and radius a. 

The effect of topographical irregularities has been inves¬ 

tigated in the manner described for all the stations of the 

past season, using where available the contour maps of the 

Geological Survey. Although applied in all cases where 

appreciable, at only one station (Pikes Peak) was this correc¬ 

tion found to be of real importance. This is partly due to 

the favorable location of the stations, but also to the fact 

that, except on the summit of rugged mountains or very 

close to their base or in deep narrow valleys, this correction 

must necessarily be small. The effect of placing an indefi¬ 

nitely extended horizontal plain 114 feet (35 meters) in 

thickness or a sphere 338 feet (103 meters) in diameter and 

of density equal to one half the mean density of the earth 

immediately above a station would be to diminish gravity 

by only .004 dyne, or about the 2ToVoo^1 Parh which may 
at present be taken as the utmost limit of probable accuracy 

of observation. 

The question of the proper reduction of pendulum obser¬ 

vations to the level of the sea, involving as it does the vari¬ 

ous theories of the condition of the earth’s crust and affecting 

very materially the use of such observations in deducing 

the figure of the earth, is a most important one and has led 

to the expression of many different opinions. Bouguer’s 

reduction, already described, has been frequently employed. 

Professor Helmert, in the discussion of pendulum observa¬ 

tions in his “ Hohere Geodasie ” (vol. II), develops and uses 

the condensation method, assuming that all the overlying 

material is condensed onto a surface twenty one kilometers 

below the sealevel. As approximately applied by him in 

the discussion of continental stations, this reduction amounts 
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to omitting the correction for attraction (second term) in 

Bouguer’s formula, but not so in coast and oceanic island 

stations where the effect of the lesser density of sea water is 

taken into account. On the theory that the surface of the 

earth is in a state of hydrostatic equilibrium, M. Faye, in 

papers published in “ Comptes Rendus,” in 1880 and 1883, 

advocated that the continental attraction term in Bouguer’s 

formula be omitted, but that all local deviations of the ele¬ 

vation of the station from the general level of the land 

surface or sea bottom be allowed for, as, for instance, the 

attraction of a mountain on a station at its summit or of an 

isolated island. This subject has also been discussed by 

Stokes, Peirce, Ferrel, and others. In the recent reports on 

pendulum observations in the proceedings of the Interna¬ 

tional Geodetic Association, the reductions have been made 

by two methods—first, with Bouguer’s formula, and, second, 

omitting the attraction term and using the reduction for 

elevation, and the same plan is followed in the summary of 

results given in Table C (see p. 48). For use in Bouguer’s 

formula the mean density of the earth has been taken as 5.58. 

The surface densities used are from information kindly fur¬ 

nished by Mr. G. K. Gilbert, of the U. S. Geological Survey, 

and are based on a personal examination in many cases. 

These represent the -estimated averages for the entire mass 

above sea level. 

In order to be able to study the results more intelligently, 

the values at sea level have been compared with those com¬ 

puted by an assumed theoretical formula, 

g = 978.066 (1 + .005243 am2 <p\ 

which is based on Clairaut’s theorem, Clarke’s figure of the 

earth, and the assumption that gravity is normal on the 

eastern coast of the United States. Finally, this table gives 

the difference, observed minus computed gravity, for both 

methods of reduction to sea level. These differences are 

shown graphically on Plate 5 for those stations near the 

39th parallel, including also two stations, San Francisco and 

Mount Hamilton, previously determined. 

7—Bull. Phil. Soc., Wash.. Vol. 13. 
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While it is somewhat unsafe to draw general conclusions 

from a single series of observations, yet the favorable and 

systematic situation of these stations with respect to an un¬ 

usual variety of continental conditions perhaps warrants the 

pointing out of a few possible inferences. With Bouguer’s 

reduction there is apparently a considerable defect of gravity 

on the western mountains and plateaus, increasing with the 

average elevation of the country. This cannot be accounted 

for to any great extent by a supposed abnormal condition in 

the mass above sea level, as it would require that that mass 

should have a density of zero to offset this defect. The pre¬ 

sumption is, therefore, that there is a deficiency of density 

below sea level, which in general compensates the elevated 

masses. Contrary to a recent assertion, the residuals do not 

appear to have any relation to distance from the sea or to 

the elevation of the particular point of observation, as is 

shown by the fairly horizontal line under that part of the 

central plain (Cincinnati to Ellsworth) where the altitude is 

nearly the same, and the nearly equal deficiencies found at 

stations which, like Gunnison, Pikes Peak, Colorado Springs, 

and Denver, vary enormously in elevation. It is interesting 

to note that the defect is largest at Gunnison, which is nearest 

the main mass of the Rocky mountains, and not at Pikes 

Peak, the most elevated station. With the reduction for ele¬ 

vation the apparent defect of gravity largely disappears, as 

shown by the nearly horizontal line of residuals under the 

great central plains, where the altitude varies from 495 to 

6,041 feet (151 to 1,841 meters), and by the average result in 

the mountain regions. In the latter, however, the line shows 

considerable departures from the normal, both positive and 

negative, the residuals showing a striking relation to the 

elevations of the stations as compared with the elevation of 

the surrounding country. Mount Hamilton, Pikes Peak, 

Pleasant Valley, and the Yellowstone Park stations are above 

the average level and show an excess of gravity, while the 

remaining Rocky Mountain stations are below the general 

level and all show a defect of gravity. This condition is 

especially marked in the case of Green River and Grand 
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Junction, in the bottom of great eroded valleys, and Pikes 

Peak station, on the summit of an isolated mountain. The 

residuals are not proportional to the elevation of the station 

itself above sea level, as is at once seen by comparing|Mount 

Hamilton, Salt Lake, Green River, Grand Junction, and 

Denver, which are of nearly equal elevation. Finally, with 

either system of reduction the residuals point to the possi¬ 

bility that gravity is large on the sea coast as compared with 

the interior. Whether this can have any connection with 

the effects of erosion and deposition of continental matter is 

a question upon which the observations in this series are far 

too limited to throw any clear light, but for investigating 

which certain portions of the United States would furnish 

an excellent field. 

The results of this series would therefore seem to lead to 

the conclusion that general continental elevations are com¬ 

pensated by a deficiency of density in the matter below sea- 

level, but that local topographical irregularities, whether 

elevations or depressions, are not compensated for, but are 

maintained by the partial rigidity of the earth’s crust. The 

residuals with Bouguer’s reduction should then be inter¬ 

preted as a measure of the general deficiency of density, and, 

on the other hand, the residuals with the reduction for eleva¬ 

tion only should be taken as a measure of the lack of local 

compensation, after allowing for uncertainties of observation 

and the effect of local geological conditions. 

Without desiring to advocate any theory as to the condi¬ 

tions of the earth’s crust, it is of interest to note in compari¬ 

son the results for gravity that would be obtained on an ice¬ 

berg floating in the ocean and having an ideal cross-section 

such as that shown in Fig. 1. Here the excess of matter 
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above the sea level is exactly compensated by the deficiency 

in density of the mass below as compared with sea water, but 

there is a lack of local compensation, and if the berg were 

not sufficiently rigid and strong it would bend up at the 

sides or split in the middle. Let gravity be measured at A 

on the surface of the water ; at B at the same level, but over 

the ice ; at C the average level of the surface of the ice, and 

at D higher than the average surface. Neglecting the fact 

that the different surfaces of the iceberg are not indefinitely 

extended, it is evident that if we reduce to sea level by allow¬ 

ing for the attraction of the ice lying above that level we will 

obtain at the three stations B, C, and D equal values for 

gravity, but values which are less than that at A, and that 

this difference will be a measure of the deficiency of density 

in the mass below sea level. If, on the other hand, we 

neglect the attraction term and reduce for elevation only, we 

will find as compared wTith A that at B gravity is in defect, 

at C normal, and at D in excess, and the differences at B 

and D will be a measure of the lack of local compensation 

and will be equal in amount to the attraction of a horizontal 

plain whose thickness is the difference in elevation between 

the station and the average surface. B is overcompensated 

and D is undercompensated—a condition maintained by the 

rigidity of the ice. 

If we consider that these conditions apply to continental 

elevations, and that local irregularities in surface are not 

compensated by the general lack of density or other cause 

below sea level, we may then, following the idea of M. Faye, 

apply a further correction to the observed force of gravity 

at any point to reduce to the normal condition. This cor¬ 

rection may be expressed dg — 2g ~ which represents the 

attraction of an indefinitely extended horizontal plain of 

thickness h and density <5, and the correction is evidently posi¬ 

tive for stations below the average level and negative for 

those above. h = Hx — H where Hx is the average elevation 

and Hthe station elevation. This method has been tested by 

applying it to the stations most affected in the present series, 
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Hx being approximately estimated from a contour map for 

the country within an arbitrarily adopted radius of 100 

miles of each station and the surface densities taken for d. 

The resulting corrections are shown in the following Table 

D, together with the residuals,^ observed minus g computed, 

under the head of Faye’s reduction, when this compensation 

correction was applied together with the elevation and topo¬ 

graphical corrections. For comparison the residuals are 

repeated from Table C for the two methods of reduction 

there given. 

Table D. 

Station. 

Appalachian (and ad¬ 
jacent) • 

Ithaca.. 
Charlottesville. 
Deer Park... 

Sums. 

Central plains: 
Colorado Springs... 
Denver. 

Sums 

Elevation. 

I'ltf 

Meters. 
345 
341 
479 

2,258 
2,212 

Meters 
247 
166 
770 

1,841 
1,638 

> ® i 
* <*>1 
©“ o.S II 
G C rf* 
© G 

||l 

Meters. 
+ 98 
+ 175 
— 291 

+ 417 
+ 574 

eZj -4_> 

Z/G col'# 

G g cn 
O § <M 

‘-tJ O 
u. 

2o 

Dynes. 
+.010 
+.019 
—.029 

+.041 
+.056 

Residuals, 
1 observed — g computed. 

Dynes. 
—.029 
—.019 
—.005 

.053 

+.003 
+.000 

.003 

Dynes. 
—.039 
—.038 
+.024 

.101 

.038 

.056 

.094 

Dynes. 
—.063 
—.056 
—.053 

.172 

.221 

.215 

.436 

Rocky mountains: 
Pikes Peak... 
Gunnison. 
Grand Junction. 
Green River. 
Grand Canyon. 
Norris Geyser Basin...., 
Lower Geyser Basin...., 
Pleasant Valley. 
Salt Lake City.. 

2,258 
2,724 
2,251 
2,112 
2.137 
2.137 
2.137 
2,044 
1,894 

4,293 
2,340 
1,398 
1,243 
2,386 
2,276 
2,200 
2,191 
1,322 

—2,035 
+ 384 
+ 853 
+ 869 
— 249 
— 139 
— 63 
— 147 
+ 572 

—.220 
+.042 
+.085 
+.087 
—.026 
—.014 
—.007 
—.015 
+.055 

Sums. 

+.006 
+.035 
+.033 
—.0U3 
—.010 
+.016 
—.001 
—.013 
+.002 

.119 

+.226 
—.007 
—.052 
— .090 
+.016 
+ .030 
+.006 
+.002 
—.053 

.482 

—.239 
—.263 
—.192 
—.214 
—.236 
—.205 
—.221 
—.220 
—.179 

1.969 

The sums of the residuals, regardless of sign, for these 

fourteen stations are 

With reduction by Bouguer’s method. 2.577 dynes, 

“ “ for elevation. 0.677 “ 

“ “ by Faye’s method. 0175 “ 
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indicating apparently a considerable advantage for the latter. 

It is probable that no particular significance attaches to the 

individual residuals remaining after this application of 

Faye’s reduction for several reasons. Other values would 

certainly result if a different area were considered in esti¬ 

mating the average surrounding elevation or if weight were 

given according to proximity to the station in making this 

estimation or allowance made for variations in density, and 

further, the average elevations as given can be considered 

only roughly approximate, as they were calculated from a 

small scale map. An inspection of the table shows that 

the residuals with Bouguer’s reduction are very nearly pro¬ 

portional to the average elevations surrounding each station, 

though bearing no relation to the actual station elevations. 

As furnishing further evidence on this subject, a prelimi¬ 

nary study has been made of several former series of gravity 

determinations based on Washington and carried out by 

Doctor Mendenhall, Mr. Preston, and Mr. Smith in various 

parts of the world. As these include a number of oceanic 

island and coast stations, it was necessary, in applying Faye’s 

idea of reduction, to take account of the difference in density 

between sea water and land. This was done by assuming the 

water as condensed down until its density equaled that of 

land and using the upper surface of this condensed mass in 

estimating the average elevation of the surrounding region. 

This is equivalent to replacing the water by an equal weight 

of land—a proceeding which would not alter the pressure on 

the crust below. In application, the depth of sea water at 

any point multiplied by ^ 1 — j'j, where \ is density of sea 

water and 8 is density of land beneath the station, gives the 

depression below sea level of the condensed surface. By 

taking these depressions as negative altitudes the average 

elevation may be conveniently estimated for all stations 

surrounded either wholly or in part by water, the principal 

difficult}^ being the lack of sufficient data as to ocean depths 

and land elevations and the uncertainty in regard to the 

area to be considered. A similar treatment could be applied 
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to continental stations where the adjacent regions varied con¬ 

siderably in density. The approximate average elevations 

within a radius of 100 miles were estimated in this manner 

for the stations in these series, taking mean values for the 

density of land (2.56) and of sea water (1.03). The observed 

values of gravity were then reduced to sea level by both Bou¬ 

guer’s and Faye’s methods,* and the results compared with 

those computed with the same theoretical formula as before. 

The residuals were averaged for each geographical group of 

stations, including those of the past season, and they are given 

for each method of reduction plotted to scale in Fig. 2. This 

diagram shows graphically the excess of gravity on islands 

and the defect on continents when the sealevel reduction is 

Asia. Pacific Ocean. North America. Atlantic Ocean. 
Australia. 

V' 

Africa. 

Fig. 2.—Differences observed minus computed gravity (in dynes) from C. and G. S. 
observations. The figures in parenthesis show the number of stations included. 

made by Bouguer’s formula, as has been pointed out from 

other series of observations. These apparent anomalies 

very largely disappear, however, on applying the theory of 

Faye. Important light would be thrown on this subject by 

the measurement of gravity on the open sea, w7hich may 

some day be accomplished by working on large fields of ice. 

The true reduction of gravity observations to sea level 

would therefore appear to be one that would take account 

* In both of these methods as here used corrections are applied for eleva¬ 

tion, topography, and surface attraction, and they differ only in the last. 

In Bouguer’s formula the vertical attraction of the mass above sea level is 

subtracted, while in the method here called Faye’s reduction allowance 

is made for the attraction of a plain whose thickness represents the lack 

of local compensation, as already explained. This latter reduction has 

not heretofore been developed in any definite mathematical form. 

8—Bull. Phil. Soc., Wash., Vol. 13. 
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not only of the attraction of the matter above the sea level, 

but also of the general differences of density below, as well 

as of the local lack of compensation, if the latter can be 

proved to have a systematic relation to the topographical 

situation of the point of observation, as is strongly indicated 

by the results of the past season. With such a reduction it 

is quite possible that the so-called anomalies of gravity will 

largely disappear, and that the distribution of gravity on the 

earth’s surface will be found to follow Clairaut’s law suffi¬ 

ciently closely to greatly enhance the value of pendulum 

observations in relation to the problem of the earth’s figure. 

The most distinguished of living geodesists recently wrote: 

“ Pendulum measurements will become a most important 

means of help, not only to geodesy, but also to geology. The 

widest possible extension of pendulum observations is in the 

highest measure to be desired for both sciences.”* 

Mean Density of the Earth from Pikes Peak Pendulum Ob¬ 

servations.—A value for the mean density of the earth has 

been deduced from the gravity measurements made on the 

summit of the peak and at Colorado Springs, near the base. 

This method of comparing the mass of a mountain which 

may be estimated with the unknown mass of the earth has 

been used on several previous occasions, but not, it is be¬ 

lieved, under as favorable conditions as the present, for in 

this case contour maps of the peak and surrounding county 

were available, and the mountain itself was found to be com¬ 

posed of rock of an unusually uniform density. Mr. Whit¬ 

man Cross, of the U. S. Geological Survey, who has studied 

the geology of the vicinity, furnished data in regard to the 

specific gravity of the rock of which the peak is composed. 

Twelve specimens determined under the direction of Mr. 

Gilbert gave results as follows: 2.57, 2.60, 2.61, 2.61, 2.62, 

* “ Nach dem Yorstehenden wird die Pendelmessung nicht nur fur die 

Geodasie, sondern auch fiir die Geologie als ein ausserst wichtiges Hiilf- 

smittel auzusehen sein. Moglichste Ausbreitung der Pendelmessungen 

ist fiir beide Wissenschaften in hohem Maasse erwiinscht. ” “ Die Schwer- 

kraft im Hochgebirge.” Prof. F. R. Helmert, Berlin, 1890. 
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2.67,2.57, 2.58, 2.61,2.61, 2.63, 2.71. The mean value, 2.615, 

has been adopted. 

The difference in gravity at the base and summit of a 

mountain is, by Bouguer’s formula, 

3 d H 3 g 8 

considering the upper station as on an infinite horizontal 

plain, the lower station as unaffected by the attraction of the 

mountain, and neglecting the insignificant effect of change 

in centrifugal force. Here H is the difference in elevation 

of the two stations (2,452 meters), r the radius of the earth, 

d the density of the mountain (2.615), and 4 the mean density 

of the earth. The correction to observed gravity for local 

topographical irregularities (or departure from the condition 

of a horizontal plain) was computed for these two stations 

as described in discussing the reduction to the sea level and 

found to be for Pikes Peak + 439, and for Colorado 

Springs + 27 (using the meter as unit of length). The 

observed values of gravity were for Pikes Peak 978.940, and 

for Colorado Springs 979.476, to which must be applied the 

above corrections for topographical irregularities to obtain 

dg for the above formula, which then becomes : 

dg = (979.476 + 27) - (978.940 + 439) = 

^ 2452 — 2452; or A = 2.153 s = 5.63. 
r 2 r n 

The value for the mean density of the earth derived from 

the Pikes Peak observations is therefore 5.63. In this com¬ 

putation no account has been taken of the estimated differ¬ 

ence in density below the level of Colorado Springs. 

Quarter second Pendulum Apparatus.—With the idea of ob¬ 

taining instruments still more portable than those hereto¬ 

fore used for measuring relative gravity, there was con¬ 

structed about a year ago, as planned by Doctor Mendenhall, 
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P 

HLJ 

a set of quarter second pendulums, with receiver and flash 

apparatus correspondingly reduced in size. In general 

principles these are similar to the half 

second apparatus, although there was 

added an ingenious device, designed 

by Mr. Fischer, for starting and stop¬ 

ping the pendulum, and the flash apparatus 

is somewhat different. The pendulum re¬ 

ceiver is about 5 inches by 6 inches (13 cen¬ 

timeters by 15 centimeters) and 7 inches (17 

centimeters) high, and may be exhausted with the 

portable air pump to 1.5 inches (40 millimeters) in 

half a minute. The pendulums weigh about 0.7 

pound (300 grammes) each. The entire apparatus, 

with its packing cases, weighs about 106 pounds 

(48 kilograms), and is undoubtedly the smallest 

and most compact ever used for the purpose. The 

relative sizes of three types of pendulums are 

shown on Fig. 3, P being the Peirce reversible 

meter pendulum, A the half second, and C the 

quarter second, all drawn to the same scale. 

To test the efficiency of this apparatus, as well as 

the agreement of results with pendulums of differ¬ 

ent lengths, these pendulums were swung simul¬ 

taneously with the half second pendulums at three 1, of the stations of the transcontinental series, as 

well as at Washington, before and after this work. 

_L To increase the value of the test, the stations se¬ 

lected, Chicago, Denver, and Pikes Peak, were such 

as to give a maximum range of conditions as 

respects magnitude of g and difference of tempera¬ 

ture. The method adopted in using the apparatus 

was to swing each of the three pendulums, Cl, 

C2, and C3, once in each position, with an 

air pressure of 40 millimeters, initial total 

arc about 1° 20', and length of swing 4 

hours. Both sets of apparatus were always set up in the 

rs 

Fig. 3.—Pendulums, 

natural scale. 
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same room, but sufficiently distant to not affect each 

other. The temperature and pressure coefficients were de¬ 

termined at Washington by swinging under different con¬ 

ditions in the manner before described, and the flexure co¬ 

efficient was computed from the theoretical formula. The 

flexure was always measured, using the same appliances as 

with the A apparatus and a weight of 1.5 kilograms. The 

corrections to the observed periods were applied in the same 

manner as with the half second pendulums, substituting the 

following coefficients: Temperature, 0.00000235; pressure, 

0.000000066; flexure, 0.00000037. The periods were re¬ 

duced to the standard conditions—arc infinitely small; 

temperature, 15° C.; pressure, 40 millimeters at 0° C., sidereal 

time, and inflexible support. The mean period of the 

three pendulums at Washington in June, 1894, was s.2502400 

and in November s.2502392. This change may be due in 

part to the fact that the knife-edge was nearly new when 

used in June. The following are the results for gravity as 

given by each pendulum, with the mean for the three and 

the differences from the mean of each : 
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g (in dynes). Differences from mean. 

P
e
n
d
u
lu

m
 

C
 1

. 

P
e
n

d
u

lu
m

 
C
 2

. 

P
e
n

d
u

lu
m

 
C

 3
. 

M
e
a
n
 o

f 
th

re
e
 p

en
d
¬

 
u

lu
m

s.
 

C 1. C 2. C 3. 

Washington... 980.098 
Chicago. 980.246 980.254 980.247 980.249 —.003 +.005 —.002 
Pikes Peak. 978.940 978.941 978.955 978.945 — 5 — 4 + io 
Denver. 979.595 979.591 979.592 979.593 + 2 — 2 — 1 

From the agreement of the pendulums and the accord of 

the results with those obtained with the more elaborate ob¬ 

servations with the half second apparatus, it is indicated 

that quarter second pendulums may give results of nearly 

the same order of precision as larger instruments. Their 

smallness, however, renders their use inconvenient in some 

respects, and the increased labor of observing resulting from 

the necessarily shorter swings tends to offset the gain in 



60 

i 

PUTNAM. 

portability. As the weight of the pendulum apparatus itself 

is not more than half that of the entire outfit necessary for 

accurate gravity measurements, a reduction in it alone is 

not a very important gain in ordinary work. Undoubtedly 

there will be special cases, however, where this saving of 

weight will be an important consideration, and for such this 

apparatus will be most valuable. 

Comparisons of Results with Different Pendulums.—A good 

opportunity to compare relative gravity results as obtained 

with pendulums of different length and principle is afforded 

by the past season’s work from the fact that the half and 

quarter second pendulums were swung at four stations in 

common, and also because four of the stations had been 

occupied in 1893 by Commandant Defforges, who used his 

three-quarter second (one-half meter) reversible pendulum. 

Below are given the comparative results, all based on the 

same value at Washington, the stations being arranged in 

the order of magnitude of g. The results with the half 

second pendulums on both knife-edges are included, and 

also two stations of Defforges on the Pacific coast, where 

comparison is made with results obtained in 1891 with a 

different set of half second pendulums. In all cases the 

places of observation were practically identical. 
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Meters. Dynes. Dynes. Dynes. Dynes. Dynes. Dynes. 
Chicago....... 182 980.264 98C.263 980.249 980.276 +.015 —.012 
Washington..... 14 .098 .098 .098 .098 .000 .000 
San Francisco....... 114 979.951 979 947 +.004 
Salt Lake Citv... .... 1,322 .789 .747 +.042 
Mt. Hamilton...... 1,282 .646 .614 +.032 
Denver.... 1,638 .595 979.596 979.593 .615 +.002 —.020 
Pikes Peak..... 4,293 978.940 978.945 -—.005 
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1. Corrections based on the Local Geology. 

By some physicists it is thought probable that the mate¬ 

rial of the earth’s crust is highly rigid, and that by this 

rigidity the continents are upheld. By others it is thought 

more probable that the earth’s crust is somewhat plastic, and 

that the continents stand high because their material is light. 

The question of high rigidity versus isostasy affects the 

theories of geologists, and hence they are interested in the 

diagnosis of the crust by means of the pendulum. Ameri¬ 

can geologists have reason to be specially interested in the 

recent pendulum work of the Coast Survey, not only because 

the efficiency of the new apparatus enables it to multiply 

accurate measurements with unprecedented rapidity, but 

because the results are related to geologic provinces .with 

whose structure we are acquainted. Already much light 

has been thrown on the problem of crustal rigidity, and it 

is hardly rash to look forward to a satisfactory solution if 

the work is continued for a few years with equal energy 
and skill. 

Last autumn I followed in Mr. Putnam’s tracks so far as 

to visit ten of his stations, namely, Colorado Springs, Denver, 

Wallace, Ellsworth, Kansas City, St. Louis, Terre Haute, 

Chicago, Cincinnati, and Cleveland. At each station I ex¬ 

amined the local geology with reference to the density of 

(61) 
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the formations and the influence of their peculiarities of 

density on the local attraction. Special attention was given 

also to the records of deep borings, and beyond the depths 

penetrated by borings the characters of the sedimentary 

rocks were afterwards inferred from a variety of geologic 

data, gathered, chiefly by others, in localities more or less 

remote. The results may in each case be regarded as rough 

approximations, but they serve fairly well the purpose of 

this inquiry, which was to determine whether a correction 

to the observed gravity may advantageously be based on 

such information as the geologist can adduce as to the 

density of the subjacent rocks. 

In Table I column 2 gives the observed value of gravity, 

in dynes, after correction for latitude, altitude, topography, 

and the attraction of matter between the surface at the sta¬ 

tion and sealevel beneath it. The latitude correction was 

a reduction to 40°; the altitude correction, a reduction to 

sealevel. The topographic correction, in effect, substitutes 

a level plain for the diversified topography about the sta¬ 

tion.* The correction for the attraction of matter above sea¬ 

level recognizes the theory of high rigidity, and in the treat¬ 

ment of observations distinguishes that theory from the 

theory of isostasy. It gives, indeed, an imperfect recogni¬ 

tion, because under that theory the sealevel, or geoid of ref¬ 

erence, rises in continental regions above the spheroid of 

reference, thus making the apparent altitude too small, but 

it is probable that this imperfection does not affect the quali¬ 

tative results of the present inquiry. 

Column 3 gives the same values as column 2, except that 

the correction for the attraction of matter above sealevel was 

omitted. As compared with column 2, it represents the 

theory of isostasy. 

Column 4 gives the geologic correction. At each station 

the surface rocks are sedimentary and have small dip. The 
sedimentaries vary in thickness from one-half mile to three 

* The nature of the topographic correction is described by Mr. Putnam 

on pages 43^16. I employed the values computed by him. 
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miles, and the nature of the crystallines beneath them is 

not known. The crystallines were assumed to have an 

average density of 2.70. The mean density of the sedi¬ 

mentary column at each station was subtracted from 2.70 

and the remainder multiplied by the thickness of the sedi- 

mentaries. The products were used in the subsequent com¬ 

putations, yielding the quantities of the column. 

Column 5 shows values under the theory of high rigidity 

(column 2) as modified by the geologic correction (column 4). 

Column 6 shows values under the theory of isostasy (column 

3) as modified by the geologic correction. 

The formation of the remaining columns depends for its 

justification on the postulate that the ideal result of the cor¬ 

rection of pendulum observations is uniformity. If all 

local conditions were duly accounted for, the resulting values 

would be identical for all stations. Therefore, in seeking to 

ascertain whether the use of a doubtful correction is ad¬ 

visable, it is proper to ask whether its application tends 

towards uniformity of result. To that end I have brought 

out the comparative discordance of the various sets of values 

by subtracting the mean of each set from the several values 

of the set and tabulating the remainders. 

These appear (for columns 2, 3, 5, and 6) in columns 2a, 

3a, 5a, and 6a. At the foot of each of these columns is given 

the mean of its numbers, regardless of sign, and these means 

are considered to be indices of the discordance of the sets. 

The mean of numbers in column 4a, derived from the geo¬ 

logic corrections, may be regarded as an expression of the 

average quantitative effect of the geologic corrections in 

modifying the inequalities of the gravity determinations. 

Putting the results of the comparison into words: 

(1.) The discordance, .064 dyne (column 2a), of values de¬ 

rived from the theory of high rigidity is reduced to .054 dyne 

(column 5a) by the application of the geologic correction. 

It is reduced by the entire quantitative effect of that correc¬ 

tion, .010 dyne (column 4a). 

(2.) The values derived under the theory of isostasy have 
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a discordance of .009 dyne (column 3a), and this is not re¬ 

duced by the geologic correction, but remains .009 dyne 

(column 6a). 

So far as the discussion of ten stations may warrant a 

general conclusion, that conclusion would appear to he that 

corrections based upon the densities of the accessible rocks 

may be applied with advantage to observations discussed 

under the theory of high rigidity, but not to observations 

discussed under the theory of isostasy. It is well to hold 

lightly a generalization from so small a number of particu¬ 

lars, but this one is strengthened by certain theoretic con¬ 

siderations. Under the isostatic theory the mass of each 

unit column of earth matter is approximately the same, dif¬ 

ferences of mean density being compensated by differences 

of altitude, and variations from the mean in one part of the 

column being compensated by opposite variations in other 

parts. Allowance for the density peculiarities of a part 

should not therefore be made. Under the theory of high 

rigidity there is no compensatory adjustment, and correction 

may properly be made for any local peculiarity which is 

discovered. 

2. Bearing of the Observations on the Theory of Isostasy. 

In view of the prospect that the present chain of stations 

will soon be expanded into a system, a comprehensive dis¬ 

cussion of the results would be premature, but there may be 

advantage in considering their general bearing. Prelimi¬ 

nary discussion is an important part of the interaction of 

theory and observation, and if the general tendency of pres¬ 

ent results can be discovered, the selection of future stations 

may be more effective. 

Let us postulate that the greatest features of the earth’s 

relief, such as continents and great plateaus, are sustained 

isostatieally, and that the small features, such as hills and 

small mountains, are within the competence of terrestrial 

rigidity, and then let us inquire what the pendulum work 

of the Coast Survey has to tell of the status of features of 
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intermediate size, namely, the greater mountains and smaller 

plateaus. 
Between the Rocky and Appalachian mountains stretches 

a vast plain, 1,200 miles in its smallest dimension. For at 

least five of the great periods of geologic chronology it has 

been exempt from orogenic corrugation, and the topographic 

evidences of earlier corrugation have been practically oblit¬ 

erated. Here, if anywhere on the continent, isostatic equi¬ 

librium should be established. For this reason I have taken 

the average gravity of this region as normal and used it as 

a standard of comparison. Eleven stations fall within the 

district—the ten enumerated above and Ithaca, New York. 

Before taking the mean of the values at these stations, one 

more adjustment was made—the adjustment to the mean 

plain. The topographic correction adjusts the value for 

gravity to the hypothetic condition of the surface which 

would result if the neighboring hills and mountains were 

removed down to the level of the station and the neighbor¬ 

ing valleys were filled up to the same level. Ordinarily this 

implies a change in the quantity of matter and a consequent 

disturbance of isostatic equilibrium. If instead of this we 

conceive the mountains to be graded down to such a level 

that the removed material exactly fills the valleys, we hypo¬ 

thetically leave the isostatic relations undisturbed. It is 

manifest that in a discussion like the present, which postu¬ 

lates general isostasy and seeks to learn the limitations of 

isostasy, assumptions falsifying the regional load should be 

avoided if possible. To adjust the values from the hypo¬ 

thetic plain at the level of the station to the hypothetic 

mean plain it is necessary to add or subtract the attraction 

of a plate of rock as thick as the space between the two 

plains. When the station is below the mean plain the cor¬ 

rection is additive; when above, subtractive. 

The amount of the correction and sometimes its sign 

depend on the extent of the district averaged to determine 

the height of the mean plain. The diameter of the proper 

district is a function of the rigidity of the crust and requires 
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for Its determination the discussion of an elaborate system 

of stations. Probably an inner circle should be given 

greater weight than outer rings, and some attention should 

be paid to geologic provinces. The corrections here used 

were determined from circular districts having a radius 

of thirty miles and without the use of weights.* Of the 

circles about Denver and Colorado Springs only those parts 

belonging to the Great plains were used. It was assumed 

that the very different history of the mountain region at the 

west barred it from use in the determination of the standard 

value of gravity. The corrections obtained were: Ithaca 

+ .006; Ellsworth, +.002; Colorado Springs, +.009; Denver, 

+.008. 

In the second column of Table II are the altitudes of the 

stations. The third column contains the correction in dynes 

for reduction to mean plain. In the fourth column are the 

values of gravity at the stations after correction for latitude, 

altitude, local topography, and height of mean plain. The 

fifth column gives the residuals after subtracting the mean of 

the eleven from the individual values. The average residual, 

.008 dyne, is a measure of the discordance of the results for 

the several stations. The residuals may also be used to 

determine the probable error, .002 dyne, of the mean grav¬ 

ity, 980.151 dynes, regarded as a standard, under the iso¬ 

static hypothesis, for the discussion of the remaining stations 

of the chain; and they can be used to determine the prob¬ 

able error, ± .007 dyne, of the value derived from a single 

station of the interior plain. It is to be noted that the 

probable error for the single station includes not only errors 

arising from the evaluation of the various corrections and 

errors of observation, but all local departures of the plain 

* When these paragraphs were written I had not seen Mr. Putnam’s 

manuscript. My “reduction to mean plain ” is his “ Faye’s reduction’’ 

(pp. 47, 52-55). His term is preferable, but I let my lines stand unchanged, 

because there is some interest in the fact that we independently selected 

the same method of discussion. Our numerical results differ chiefly be¬ 

cause he used a radius of 100 miles and I a radius of 30 miles in com¬ 

puting the correction. 
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from isostatic adjustment. Its small amount gives confi¬ 

dence not only in the high precision of the observations, 

but in the postulate that the interior plain is approximately 

in isostatic equilibrium. 

Table II. 

Gravity at Eleven Stations of the Interior Plain. 
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Feet. Dynes. Dynes. Dynes. 
Ithaca. . 810 +.006 980.151 .000 
Cleveland. 689 .000 .158 +.007 
Cincinnati. 804 .000 .141 —.010 
Terre Haute. 495 .000 .149 —.002 
Chicago... 597 .000 .161 + .010 
St. Louis. 505 .000 .153 +.002 
Kansas City. 912 .000 .141 —.010 
Ellsworth... 1,538 +.002 .169 +.018 
Wallace.... 3,296 .000 .145 —.006 
Colorado Springs. 6,038 +.009 .155 +.004 
Denver.... 5,373 +.008 .136 —.015 

Mean. 980.151 .008 

The mean value of gravity for the interior plain, 980.151 

dynes, having been thus assumed as a standard for the dis¬ 

cussion of the results at the stations of the chain, it was sub¬ 

tracted from the values obtained at the several stations, after 

they had been corrected for latitude, altitude, and local 

topography. The residuals appear in column 4 of Table 

III. A correction for mean plain (column 5) was then ap¬ 

plied, giving a new set of residuals (column 6). In the 

computation of this correction a circular district with 30 

miles radius was used, as before, except at Pikes Peak, where 

the part falling within the interior plain was neglected, and 
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in the Yellowstone park, where topographic data were not 
adequate, and a rectangular district was substituted. In 
tabulating the results a column has been added to aid in 
the appreciation of their quantitative value. It shows in 
feet the thickness of sheets of rock (indefinitely broad) com¬ 
petent to produce the local deviations from normal gravity, 
or, coining a convenient term, it expresses the excess or de¬ 
fect of gravity in rock-feet. 

The local measurements will be discussed with reference 
to the geologic provinces in which the several stations fall. 
West of the interior plain arp the Rocky mountains of Colo¬ 
rado and Montana, the Colorado plateau province, the Wa¬ 
satch plateau, and the Desert ranges. East of it are the 
Appalachian mountains, the Piedmont plain, and the Atlan¬ 
tic coastal plain. 

Table III. 

Gravity at Stations West and East of the Interior Plain. 
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Feet. Feet. Dynes. Dynes. Dynes. Rock-feet. 
Pikes Peak. 14,084 8,640 +.259 —.181 +.078 + 2,300 
Gunnison. 7,677 9,050 +.026 +.046 +.072 + 2,200 

Grand Canyon..... 7,830 7,850 +.049 +.001 +.050 + 1,500 
Lower Geyser Basin. 7,218 7,850 +.039 +.021 +.060 + 1,800 
Norris Basin. 7,465 7,850 +.063 +.013 +.076 + 2,300 

Grand Junction. 4,586 6,560 —.019 +.066 +.047 + 1,400 
Green River. 4,078 5,340 —.057 +.042 _.015 — 400 

Pleasant Valley Junction. 7,189 7,500 +.035 +.010 +.045 + 1,300 

Salt Lake Citv (al. 4,336 4,340 —.020 .000 __.020 _ 000 
Salt Lake Citv (b). 4,336 5,840 —.020 +.050 +.030 + 900 

Deer Park. 2,525 2,080 +.057 —.015 +.042 + 1,300 

Charlottesville.... 544 830 —.001 +.009 +.008 + 200 
Princeton. 210 200 +.005 .000 +!005 + 100 
Boston. 72 117 +.028 +.001 +.029 + 900 

Washington... 46 220 +.048 + 006 +.054 + 1 600 
Philadelphia. 52 (?) +.039 [+.006] +!o45 + 1*300 
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Pikes Peak and Gunnison stations are within the Rocky 

mountains of Colorado, the first being on a high summit, 

the second in a deep valley. The district may be described 

as a plateau 150 miles broad from east to west, consisting of 

several structural ridges or crustal corrugations, each of 

which is divided into minor ridges by deep valleys of ero¬ 

sion. Though many of its peaks stand 8,000 feet above the 

adjacent parts of the interior plain, its average height above 

that datum is only 2,000 to 3,000 feet. Gravity at the two 

stations exceeds the isostatic requirement by 2,300 and 2,200 

rock-feet. The evident suggestion is that the whole Rocky 

Mountain plateau, regarded as a prominence on a broader 

plateau, is sustained by the rigidity of the lithosphere. The 

group of stations in Yellowstone park repeats the suggestion 

for the Rocky mountains of Montana. That upland is about 

80 miles broad, and its average height above Big Horn val¬ 

ley, at the east, and Snake valley, at the west, is between 

2,000 and 3,000 feet. It consists in part of mountain corru¬ 

gations and in part of volcanic accumulations. The three 

stations indicate gravitational excesses of 1,500, 1,800, and 

2,300 rock-feet. In each case the upland may be conceived 

to have originated from the horizontal compression of some 

crustal tract and the consequent upthrust of superficial por¬ 

tions—a process which would result in local excess of matter 

approximately to the full extent of the uplift. Excess would 

continue until the protuberance was removed by erosion. 

The Colorado plateau province has a width, between the 

Rocky mountains of Colorado and the Wasatch plateau, of 

175 miles. Its characteristic is bodily uplift (at various dates 

since Cretaceous time), with subsidiary corrugation. His¬ 

torically and structurally it is intermediate between the 

Rocky mountains and the Great plains, but more nearly re¬ 

lated to the plains. It is drained by the main branches of 

the Colorado river and is undergoing rapid degradation. 

The two gravity stations within it give widely divergent 

indications. At Grand Junction the apparent excess is 

1,400 rock-feet; at Green River there is an apparent defect 
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of 400 rock-feet. This discrepancy of 1,800 rock-feet is not 

accounted for by any known facts of local structure. The 

stations rest on the same geological formation and are simi¬ 

larly related to broad arches of strata. If we assume that 

the area of the mean plain of reference is much too small, 

and that the broad district behaves as a unit, the difference 

in the general degradation about the two stations accounts 

for two-thirds of the discrepancy. The mean plain of a cir¬ 

cular tract with 100 miles radius and including both sta¬ 

tions has an estimated altitude of 6,000 feet, and reference to 

this gives the Grand Junction station an excess of 800 rock- 

feet and the Green River station an excess of 200 rock-feet. 

These are not more discordant than some of the stations of 

the interior plain. 

The Wasatch plateau in the vicinity of the Pleasant Valley 

gravity station is 50 miles wide and may be called a single, 

broad, low corrugation. Its average height above adjacent 

lowlands is 1,500 to 2,000 feet. The gravity station is in ail 

eroded valley near its eastern edge, and the measurement 

indicates an excess of 1,300 rock-feet. 

From the Wasatch plateau and its northward continua¬ 

tion, the Wasatch range, westward to the Sierra Nevada 

stretches the province of the Desert ranges, 450 miles broad. 

It is a corrugated plateau, and differs from the other prov¬ 

inces in that it loses no material by degradation. The waste 

from its ridges is stored in its valley troughs. If the ridges 

rise because light and the troughs sink because heavy, then, 

as degradation unloads the ridges and loads the troughs, 

whatever lag there may be between cause and effect should 

find expression in a defect of gravity on the ridges and an 

excess of gravity in the troughs. The Salt Lake City sta¬ 

tion stands on the alluvial load of a trough near the base of 

the Wasatch range. Assuming trough and ridge to have 

the isostatic relation outlined, the proper plain of reference 

is the mean plain of the trough, and that has about the same 

altitude as the station. This assumption (a, Table III) yields 

a small defect of gravity instead of the excess theoretically 

anticipated. 

10—Bull. Phil. Soc., Wash., Vol. 13. 
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If, on the other hand, there was no initial contrast in 

density between range and trough and their relation is sus¬ 

tained by rigidity, there should be an excess of matter under 

the ridges and a defect, either relative or absolute, under the 

troughs. The looser aggregation of the detrital material in 

the troughs should make the actual contrast of attraction 

somewhat greater than would be estimated from the config¬ 

uration alone. Under this assumption the mean plain of 

reference for any station should include ridge and valley 

alike, and high stations should in general show, after reduc¬ 

tion to mean plain, a stronger attraction than low stations. 

Including in the reduction so much of the Wasatch and 

Oquirrh ranges as lie within 30 miles of Salt Lake City, we 

obtain an excess of 900 rock-feet (b, Table III). This points 

toward a general excess of gravity for the province, but 

little reliance can be placed on the indication of a single 

station. 

One station only, Deer Park, belongs to the Appalachian 

mountains. Once the scene of pronounced corrugation, the 

Appalachian belt has been base-leveled, then raised in broad, 

flat arches, and finally dissected by streams. In the lati¬ 

tude of Deer Park its average altitude above neighboring 

plains is between 1,000 and 1,500 feet, a difference accord¬ 

ant with its excess of attraction, 1,300 rock-feet. 

The Piedmont plain has been long exempt from corruga¬ 

tion, was gently lifted in connection with the arching of the 

Appalachian belt, and has been degraded almost to the same 

extent. Theoretically, an indication of equilibrium should 

be anticipated. Charlottesville and Princeton give nominal 

excesses, 200 and 100 rock-feet. Boston, which is doubtfully 

assigned to this province, gives an excess of 900 rock-feet, 

an anomaly for which no adequate explanation has been 

suggested. 

Washington, with an excess of 1,600 rock-feet, and Phila¬ 

delphia, with an excess of 1,300, stand at the “ fall-line ” 

which divides the Piedmont and coastal plains. West of 

this line there has been much degradation in Cenozoic and 
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later Mesozoic time; east of it there has been much sedi¬ 

mentation. The stations stand in a transition zone where 

degradation has been followed by moderate sedimentation. 

Here again the excess of matter is not explained. 

In view of the magnitude of the deviations from isostasy 

thus developed, the question may pertinently be raised 

whether the isostatic theory is more advantageous than the 

theory of high rigidity as a basis for the discussion of the 

observations. Though this question is practically answered 

by a comparison of the reduced values Mr. Putnam has 

tabulated and illustrated, there is some reason for adding 

in this connection the result of a partially independent com¬ 

putation. As already stated in discussing the geologic cor¬ 

rection, the theory of high rigidity is represented in the 

reduction by the correction for the attraction of material 

above sealevel. The isostatic theory is represented by the 

omission of that correction and the addition of the correc¬ 

tion for reduction to mean plain. Taking the 26 stations 

for which the mean plain correction has been computed and 

completing the reduction under the isostatic theory, I then 

subtracted the mean of the measurements from the individ¬ 

ual measurements and found an average residual of .026 

dyne. Treating the same measurements according to the 

theory of high rigidity and employing the same procedure 

in other respects, I obtained an average residual of .156 

dyne. The extreme range in the first case is .093 dyne ; in 

the second, .591 dyne. The measurements are thus seen to 

be six times as discordant from the point of view of rigidity 

as they are from the point of view of isostasy. 

Summary.—The measurements of gravity appear far more 

harmonious when the method of reduction postulates isos- 

tacy than when it postulates high rigidity. Nearly all the 

local peculiarities of gravity admit of simple and rational 

explanation on the theory that the continent as a whole is 

approximately isostatic, and that the interior plain is almost 

perfectly isostatic. Most of the deviations from the normal 

arise from excess of matter and are associated with uplift. 
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The Appalachian and Rocky mountains and the Wasatch 

plateau all appear to be of the nature of added loads, the 

whole mass above the neighboring plains being rigidly up¬ 

held. The Colorado Plateau province seems to have an ex¬ 

cess of matter, and the Desert Range province may also be 

overloaded. The fact that the six stations from Pike’s Peak 

to Salt Lake City, covering a distance of 375 miles, show an 

average excess of 1,345 rock-feet indicates greater sustaining 

power than is ordinarily ascribed to the lithosphere by the 

advocates of isostasy. 

It indicates also that the district used in this discussion 

for estimating the height of the mean plain, is far too small ; 

even the radius of 100 miles selected by Mr. Putnam may 

not be large enough. 

Future Work.—In my judgment it will be advantageous 

to give early place in future work to a group of stations so 

arranged as to yield data for the discussion of the proper 

method of computing the mean-plain or Faye correction. 

For this purpose a district of bold relief is preferable and a 

contour map is essential. The requirements are probably 

best met in the Rocky mountains of Colorado. 

It is a question of great interest whether the central part 

of the Great Basin, a broad district of ancient and modern 

corrugation, but without net gain or loss from surface action, 

is in equilibrium. Its discussion requires a chain of stations 

from Promontory, Utah, to Wadsworth, Nevada. 

The postulated isostasy of the interior plain is of such 

importance as to deserve further test. If really in equi¬ 

librium the plain not only gives a standard of reference for 

other districts, but affords a valuable field for the redetermi¬ 

nation of the latitude constant of the formula for local grav¬ 

ity. I suggest a set of stations in North Dakota and Mon¬ 

tana and another set in Texas. The Texas set might also 

be compared with a set in Louisiana for the purpose of con¬ 

trasting gravity in regions of rapid degradation and rapid 

deposition. 
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The single Appalachian measurement suggests a question 

as to the hypogene changes connected with gentle arching 

of the surface, the question whether there is horizontal trans¬ 

fer of matter or only expansion. There would be much 

interest in the results of other measurements in the same 

region. 

A study of the anomaly at the fall-line promises to 

throw light on the general question of isostatic adjustment 

between regions of progressive degradation and deposition. 

For its prosecution there should be several stations on each 

side of the fall-line. 









NEW CLOUD CLASSIFICATIONS. 

BY 

Alexander McAdie. 

[Read before the Society, March 2, 1895.] 

Our cloud names date from the beginning of the century. 

At a meeting of the Askesian Society, session of 1802-’3, a 

young chemist of Tottenham read an essay in which he 

proposed the terms stratus, or sheet, cumulus, or heap, and 

cirrus, or feather, for cloud names. These terms combined 

with one another and with nimbus, or rain, were sufficient 

to designate all ordinary types of cloud. One other attempt 

at cloud classification had been made ; but Howard’s classi¬ 

fication was so superior and the scheme so flexible and 

easy of comprehension that the Howardian system at once 

received recognition. The essay itself was reprinted, trans¬ 

lated into various languages, and in later years has been 

adopted almost without change by the different meteoro¬ 

logical services. The classification is one based entirely 

upon cloud appearance. Beginning with the lowest, the 

seven types are— 

Nimbus, or rain. 

Stratus, or layer. 

Cumulo-stratus, or combination of layer and heap. 

Cumulus, or mass. 

Cirro-cumulus, or feather and heap. 

Cirro-stratus, or feather and sheet. 

Cirrus, or feather. 

11-Bull. Phil. Soc., Wash., Vol. 13. (77) 
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Convenient symbols for representing these were also de¬ 

vised by Howard. The system is unsatisfactory, however, 

in this: that, being based purely upon appearance, no account 

is taken of the origin and manner of formation of the 

cloud. Clouds of very dissimilar origin may have a similar 

appearance. Modern meteorology demands more than a 

record of the appearance of the cloud. It seeks the mean¬ 

ing of each formation and regards the cloud as an exponent 

of the physical processes operating in the air and resulting 

in cloudy condensation. The cloud is primarily valuable not 

on account of its beauty, but because it makes manifest 

motion in the atmosphere, which is not otherwise discernible. 

It outlines to some degree the storm mechanism at different 

levels in the atmosphere. Making due allowance for the 

fact that the cloud does not always give the true motion of 

the current in which it moves, as witness the Table cloud 

at Table mountain, it is still, when rightly interpreted, a 

most significant index of air motion. There is no sound 

reason why the forecaster should not derive as much in¬ 

formation concerning the movements of the air from a 

cloud map as from a pressure or temperature map. A happy 

illustration of the practical use to which a cloud map can 

be put may be found in the storm of August 26-7-8-9, 

1893, more familiarly known as the Sea Islands storm, in 

which 1,100 lives were lost. (Wall map shown illustrating 

cloud movement over the southeastern section of the 

country.) South of Savannah, the telegraph lines being 

down, reports were missing. It was of the utmost importance 

at a time like this to locate the storm center as accurately 

as possible in order to determine its future probable course. 

No pressure readings in southern Florida or Georgia were 

available; yet, even with this rough system of cloud observa¬ 

tion and report, it is obvious that the upper clouds at Lynch¬ 

burg, Knoxville, Chattanooga, and Norfolk locate the “ low ” 

on the Georgia coast, and the chart makes plain that the 

upper clouds at Knoxville were probably moving from the 
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southeast instead of from the south, as reported, and the 

upper clouds at Knoxville given as calm were probably 

moving from the east. A stratus cloud at Cincinnati has 

been mistaken for a cirro-stratus. If this much can be done 

without a close and sharp cloud definition, how much could 

have been obtained from cloud observations taken in accord¬ 

ance with the system to be mentioned below ! 

At the International Meteorological Conference held in 

Munich in 1891 the question of improving our cloud nomen¬ 

clature was discussed, and a committee, consisting of Pro¬ 

fessor Hann, Professor Hildebrandsson, Professor Mohn, and 

Messrs. Piggenbach, Potch, and Tiesserence de Bort, was 

appointed to prepare a cloud atlas. At the International 

Conference at Upsala, in 1894, this committee recommended 

the cloud classification of Hildebrandsson, A bercromby, and 

Koppen, adding the word “ diurnal ” to one of the cumulus 

groups. The new international classification thus recognizes 

ten principal forms : 

a. Detached or rounded forms (most frequent in dry 

weather). 

b. Widespread or veil-like forms (wet weather). 

A. Highest clouds; mean height, 9,000 meters: 

a 1, cirrus. 

b 2, cirro-stratus. 

B. Clouds of mean altitude, 3,000 to 7,000 meters : 

a 3, cirro-cumulus. 

4, alto-cumulus. 

h 5, alto-stratus. 

C. Low clouds, 2,000 meters: 

a 6, strato-cumulus. 

b 7, nimbus. 

D. Clouds formed by diurnal ascending currents : 

8, cumulus; top, 1,800 meters; base, 1,400 meters. 

9, cumulo-nimbus ; top, 3,000 to 8,000 meters ; base, 

1,400 meters. 

E. Elevated fog below 1,000 meters. 

10, stratus. 
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The International Nomenclature. 

Descriptions of the Clouds (modified from those in the 

Hildebrandsson-Koppen-Neumayer Atlas). 

1. Cirrus (Ci.). Isolated feathery clouds of fine fibrous texture, 

generally of a white color; frequently arranged in bands 

which spread like the meridians on a celestial globe over a 

part of the sky and converge in perspective towards one or 

two opposite points of the horizon. (In the formation of 

such bands Ci. S. and Ci. Cu. often take part.) 

2. Cirro-Stratus (Ci. S.). Fine whitish veil, sometimes 

quite diffuse, giving a whitish appearance to the sky, and 

called by many cirrus haze, and sometimes of more or less 

distinct structure, exhibiting tangled fibers. The veil often 

produces halos around the sun and moon. 

3. Cirro-Cumulus (Ci. Cu.). Fleecy cloud. Small white 

balls and wisps without shadows, or with very faint shadows, 

which are arranged in groups and often in rows. 

4. Alto-Cumulus (A. Cu.). Dense fleecy cloud. Larger 

whitish or grayish balls with shaded portions, grouped in flocks 

or rows, frequently so close together that their edges m,eet. The 

different balls are generally larger and more compact (pass¬ 

ing into S. Cu.) towards the center of the group and more 

delicate and wispy (passing into Ci. Cu.) on its edges. They 

are very frequently arranged in lines in one or two direc¬ 

tions. 

(The term cumulo-cirrus is given up as causing confu¬ 

sion.) 

5. Alto-Stratus (A. S.). Thick veil of a gray or bluish 

color, exhibiting in the vicinity of the sun and moon a 

brighter portion, and which, without causing halos, may 

produce coronse. This form shows gradual transitions to 

cirro-stratus, but, according to the measurements made at 

Upsala, has only half the altitude. 
(The term strato-cirrus is abandoned as giving rise to 

confusion.) 



NEW CLOUD CLASSIFICATIONS. 81 

6. Strato-Cumulus (S. Cu.). Large balls or rolls of dark 

cloud which frequently cover the whole sky, especially in winter, 

and give it at times a wave-like appearance. The stratum 

of strato-cumulus is usually not very thick, and blue sky 

often appears in the breaks through it. Between this form 

and the alto-cumulus all possible gradations are found. 

It is distinguished from nimbus by the ball-like or rolled 

form and because it does not tend to bring rain. 

7. Nimbus (N.). Bain clouds. Dense masses of dark, form¬ 

less clouds with ragged edges, from which generally continuous 

rain or snow is falling. Through the breaks in these clouds 

there is almost always seen a high sheet of cirro-stratus or 

alto-stratus. If the mass of nimbus is torn up into small 

patches, or if low fragments of clouds are floating under a 

great nimbus, they may be called fracto-nimbus (“ scud ” of 

the sailors). 

8. Cumulus (Cu.). Piled clouds. Thick clouds whose 

summits are domes with protuberances, but whose bases are flat. 

These clouds appear to form in a diurnal ascensional move¬ 

ment which is almost always apparent. When the cloud is 

opposite the sun the surfaces which are usually seen by the 

observer are more brilliant than the edges of the protuber¬ 

ances. When the illumination comes from the side this 

cloud shows a strong actual shadow. On the sunny side of 

the sky, however, it appears dark with bright edges. The 

true cumulus shows a sharp border above and below. It is 

often torn by strong winds, and the detached parts (fracto- 

cumulus) present continual changes. 

9. Cumulo-Nimbus (Cu. N.). Thunder cloud; shower 

cloud. Heavy masses of clouds rising like mountains, towers, 

or anvils, generally surrounded at the top by a veil or screen of 

fibrous texture (“ false cirrus ”) and below by nimbus-like masses 

of cloud. From their base generally fall local showers of 

rain or snow and sometimes hail or sleet. The upper edges 

are either of compact cumulus-like outline and form mas¬ 

sive summits surrounded by delicate false cirrus, or the 

edges themselves are drawn out into cirrus-like filaments. 



82 MCADIE. 

This last form is most common in “spring showers.” The 

front of storm clouds of wide extent sometimes shows a 

great arch stretching across a portion of the sky which is 

uniformly lighter in color. 

10. Stratus (S.). Lifted fog in a horizontal stratum. When 

this stratum is torn by the wind or by mountain summits 

into irregular fragments they may be called fracto-stratus. 

The above description is from Mr. A. Lawrence Rotch’s 

translation of the minutes of the Conference, in the “Ameri¬ 

can Meteorological Journal,” December, 1894, the Conference 

having requested that all translations should be made under 

official supervision, 

It will be seen that this classification takes some account 

of the cloud’s altitude; and in differentiating clouds formed 

by diurnal ascending currents in calm air, generally of the 

summer cumulus type, from the clouds formed by widespread 

general uplifting of the vapor, some of the nimbus forma¬ 

tions, this classification takes some account of cloud origin. 

In both of these directions the new system is preferable to 

the old; but the criticism can be fairly made that in the 

matter of cloud origin the new classification does not go far 

enough. 

There are many different ways in which a cloud can be 

formed. The ordinary summer cumulus cloud is formed by 

a slow and somewhat limited ascensional movement. Noth¬ 

ing like this, however, takes place in the formation of the 

familiar billow clouds. Here one layer of air glides over an¬ 

other of different density, and waves result, the condensation 

marking very prettily the wave action. Again, many of the 

lowermost clouds are formed by contact cooling. The so- 

called ground fog occurs when the ground has been cooled 

by radiation, and you notice that the cloud grows from the 

ground upward. Finally, in some of the cumulo-nimbus or 

thunder clouds there can be little doubt that electricity plays 

some part in the formation and rapid enlargement of the 

cloud. This monarch of clouds is noteworthy in several 
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ways. Its monstrous size indicates a formation out of the 

common. Imagine Mont Blanc (14,134 feet high) lifted into 

the air and set down upon Mount Washington (6,279 feet), 

and you have a fair idea of the dimensions of a medium¬ 

sized cumulo-nimbus cloud. The water in this cloud may 

be cooled below the freezing point and yet not frozen. A 

snowflake or ice crystal falling into it may start sudden con¬ 

gelation, and this, in connection with the electrical condi¬ 

tions, to be alluded to later, may explain the sudden and 

puff-like elongations so characteristic of this cloud. 

In addition to the direction and relative velocity of the 

cloud (the only conditions which have been thus far recog¬ 

nized or utilized in forecasting), it is demanded of the future 

cloud classification that it take into account the level in 

which the cloud is formed and the manner of formation. 

Some such scheme as the following might be profitably used : 

Altitude. 

Formation. 

Cooling by contact. Mixture. Ascension. 
Electrical 

and 
critical. 

Up to 250 meters..) 
500 .J 

Fogs—haze, dust, 
and ground fogs. 

Nocturnal radia¬ 
tion. 

Nimbus. 

Hail clouds. 

Cumulo-nim¬ 
bus. 

Scud. 
Summer cumuli 

Cumulo-nimbus 

Cumulus. 

750 . Stratus. 

1,000 . Cu-stratus.... 

Rillows. 1,500 . 
2,000 . 
3,000 . | 

Ci-cumulus.. 
Cirro-stratus 
Cirrus. 

4,000 . }■ 
5,000 . | 

Alto-cumulus.... 

Above.j 

The altitudes have been kept down purposely, because 

half of the whole amount of vapor in the air is below us at 

a height of 1,800 meters (less than 6,000 feet), and it is but 

fair to assume that the clouds of most importance to us in 

forecasting are those formed below 2,000 meters. Above 

8,000 meters there is practically no water vapor. Most of 

our clouds are formed under the second heading (mixture), 

where condensation results from the mixing of two imper¬ 

fectly saturated currents. Where the mixing is not thorough, 
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but confined to the edges, we have billow clouds; but while 

mixture is the most common cause of cloud formation, the 

cloud thus formed is not apt to give heavy rain. Clouds 

formed under the third heading (ascension), on the contrary, 

do give heavy rains. Here the cooling is by adiabatic ex¬ 

pansion, and the ideal type of this formation is the cloud of 

the early afternoon in the tropics, with its torrential rain. 

Under the fourth heading (electrical) the cloud may keep 

adding to itself because of a very high surface electrification, 

or a cloud may be in such a critical condition that, as said 

above, the slightest jar suffices to produce great change. It 

is conceivable that a cloud burst may be a sudden change 

of condition. 

A classification by origin and level gets rid of the confus¬ 

ing “ alto,” or lower, which is still retained—unfortunately, 

we think—in the international classification. This is such 

a handy word that it is liable to be overworked. Thus in 

the first of the following classifications we have “ high alto¬ 

cumulus” and “ low alto-cumulus.” 

Classification of Clouds according to Prof. W. M. Davis ; Elementary Meteoro- 

logy, p. 179 (Blue Hill, Mass, values). 

12 Types. 

Kind of cloud. 
Summer 
height. 

Winter 
height. 

Cirrus ... 
m. 

9,923 
8,754 
6,481 
7,606 
6,406 
3,168 
2,003 
8,242 

m. 
8,051 
7,846 
2,930 
6,992 

Hio'h cirro-stratus ... 
Low cirro-stratus. 
Cirro-cumulus... 
High alto-cumulus. 
Low alto-cumulus... 2,884 
Strato-cumulus ... 
11 False cirrus ”... 
Cumulo-nimbus. 
Cumulo-nimbus (base)... 1,202 

2,181 
1,473 

712 
583 

1,552 
Cumulus (top)... 
Cumulus (base).. . . 1,381 
Nimbus. 
Stratus.„... 503 
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Classification of Clouds according to Rev. Clement Ley, “Cloudland,” pp. 26, 27. 

26 Types. 
Clouds of radiation: 

Nebula, fog. Nebula stillans, wet fog. 

Nebula pulverea, dust fog. 

Clouds of interfret: 

Nubes informis, scud. 

Stratus quietus, quiet cloud. 

Stratus lenticularis, lenticular cloud. 

Stratus maculosus, mackerel cloud. 

Stratus castellatus, turret cloud. 

Clouds of inversion: 

Cumulo-rudimentum, rudiment 

cloud. 

Cumulus, heap cloud. 

Cumulo-stratus, anvil cloud. 

Cumulo-nimbus, shower cloud. 

Nimbus, rainfall cloud. 

Clouds of inclination: 

Nubes fulgens, luminous cloud. 

Cirrus, curl cloud. 

Cirro-filum, gossamer cloud. 

Cirro-velum, veil cloud. 

Cirro-macula, speckle cloud. 

Stratus prsecipitans, plane shower. 

Cumulo-stratus-mammatus, tuber- 

culed anvil cloud. 

Cumulo-nimbus grandineus, hail 

shower. 

Cumulo-nimbus nivosus, snow 

shower. 

Cumulo-nimbus mammatus, fes¬ 

tooned shower cloud. 

Nimbus grandineus, hail-fall. 

Nimbus nivosus, snow-fall. 

Cirro-velum mammatum, draped 

veil cloud. 

Ley’s classification recognizes the principle of origin. 

The first cause of formation, called radiation, corresponds 

to the division in our scheme called cooling by contact. 

Perhaps the right term to employ would be “ contact and 

radiation,” and what we have called mixture, Ley calls 

“ interfret,” and our “ ascension ” is called “ inversion.” A 

fourth cause, which is called inclination, we find it hard to 

place. It concerns the highest clouds of all, such as the 

cirro-filum and the luminous clouds. Finally, in order to 

get at the cloud’s true meaning we must, in addition to 

equipping our observers with nephoscope and cloud atlas, 

12—Bull. Phil. Soc., Wash., Vol. 13. 
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have systematic measurements of the cloud height. This 

is now done at Blue Hill, Upsala, Storlein, and Berlin by 

means of theodolites and double observing stations. A 

more direct way and one which we think is entirely prac¬ 

ticable is to send apparatus up into cloudland by means of 

kites. This would give us the conditions prevailing at dif¬ 

ferent cloud levels, and the records would not be momentary. 

Two other ways of investigating water vapor conditions 

at some distance above the ground may be alluded to: First, 

by means of the spectroscope. No less than 928 absorption 

lines due to aqueous vapor have been mapped. Dr. L. 

Becker has given three groups; one of 678 lines, with wave¬ 

lengths 6020-5666 ten-millionths of a millimeter; the second 

containing 106 lines of wave-lengths, 5530 to 5386, and the 

third having 116 lines, with wave-lengths 5111 to 4981. 

The infra-red portion of the spectrum is probably particu¬ 

larly rich in water vapor lines, and with the determination 

of an intensity scale for these terrestrial lines, the distribu¬ 

tion of vapor in the air may become known. 

Second, by means of the electrometer. In noticing the 

formation of cumulo-nimbus clouds we alluded to the part 

played by electricity. We have measured with a sensitive 

quadrant electrometer the pull in volts experienced by the 

air between one of these clouds and the earth. We could 

tell of the approach of the cloud while yet far off, and by 

the changes in the potential could roughly map out the sky. 

This may therefore be a second way in which to determine 

the wrater vapor at a distance. The electrometer has the 

advantage of the spectroscope as a cloud detector in two 

ways : it can be used at night, and whereas the spectroscope 

ceases to be available when the cloud is at all dense, the 

electrometer does not. 
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STEEL CYLINDERS FOR GUN CONSTRUCTION- 

STRESSES DUE TO INTERIOR COOLING. 

BY 

Rogers Birnie. 

[Read before the Society May 11,1895.] 

This experiment is the first important step taken by the 

Ordnance Department of the United States Army to inves¬ 

tigate the merits of making cannon from a single steel forg¬ 

ing with initial tension produced by interior cooling. The 

experiments of similar import with reference to built-up or 

hooped steel guns which were made by this department in 

1884-6 established on a very firm basis the manufacture in 

this country of that description of gun, and it is not im¬ 

probable that the present investigation may lead to equally 

important results for the single forging construction. 

The inception of this work is due to Captain Frank Hobbs, 

of the Ordnance Department, and the experimental forging 

was furnished, through his instrumentality, by the Bethle¬ 

hem Iron Co. The subject has received attention in other 

places, particularly in the interesting work of General 

Nicholas Kalakoutsky,* of the Russian artillery, but up to 

this time guns have not been made upon the plan proposed. 

At Le Creusot, France, interior cooling has, however, been 

used to improve the condition of cylinders used in built-up 

guns. As to the treatment of the forging, it may suffice to 

say that its preparation was similar to that of a forging in¬ 

tended for a hooped gun, by the usual methods of casting, 

* Kalakoutsky (General Nicholas). Investigations into the internal 

stresses of cast iron and steel. London, George Reveirs, 1888. 

13—Bull Phil. Soc., Wash., Vol. 13. (87) 



88 BIRNIE. 

forging, annealing, oil-tempering and annealing. In the 

final annealing, while still in the annealing furnace and 

uniformly heated to redness, water was passed into and 

through the bore of the forging until it was cool enough to 

handle. 

The several circular sections shown in the drawings, each 

about 0.5 of an inch thick, were then cut from different parts 

of the forging to ascertain the strains in concentric element¬ 

ary cylinders of which the section may be conceived to be 

composed. Each section was marked to be divided into a 

number of circular rings about 0.15 of an inch in radial 

thickness. Before cutting out these rings datum points wrere 

marked on the face of each to measure two diameters at 

right angles. The rings were removed consecutively and 

measurements of the diameters made at each stage of the 

operation. The change in diameter of a ring on being re¬ 

leased from the section is taken as a measure of the circum¬ 

ferential strain or stress to which it was subjected in the 

forging. A ring which expands on being released was evi¬ 

dently under circumferential compression in the forging, and 

one which contracts was under tension. The datum points 

for the curves of initial tension shown in the figures are de¬ 

rived from the difference in the original diameters of the 

rings and their diameters after release. As seen in these 

curves, the compression is greatest at or near the surface of 

the bore, whence it gradually decreases to zero at the neutral 

point. At this point the strains of tension begin and in¬ 

crease gradually toward the exterior of the cylinder. The 

strains of compression and extension are in equilibrium. 

Duplicate sections from the breech and muzzle ends of the 

forging are illustrated, the originals being taken directly 

after the treatment by interior cooling and the duplicates 

when the parts of the forging to which they belonged had 

been subjected to partial annealing. The object of this 

treatment was to show how the strains originally produced 

could be controlled and ameliorated, if necessary, by anneal¬ 

ing a forging after interior cooling. 
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The accuracy of the results is of course dependent upon 

the measurements of diameters. Of this, however, there is 

every indication that proper care and skill were exercised. 

The measurements were made with a micrometer scale and 

read to the fractional part of tofoo °f an iuch. The sensi¬ 

tiveness of the results is such that an error of joiroo °f an 
inch in the reading of an average diameter (five inches) cor¬ 

responds to 600 pounds per square inch in the expressed 

stress of tension or compression. 

Deductions from the Application of the Formulas for Gun 

Construction.—These and other similar experiments show 

the favorable condition of strains produced in a hollow forg¬ 

ing by interior cooling. The strains are analogous to those 

produced by shrinkage in the built-up construction and serve 

the same purpose. The present experiments are particularly 

instructive in that they deal with a hollow forging of vary¬ 

ing thickness of wall, with sectional dimensions correspond¬ 

ing to the service field gun. 

The strains directly produced by the treatment are found 

to be more intense than is necessary and show the desira¬ 

bility of an amelioration of that treatment in future opera¬ 

tions ; but the strains left after annealing the treated forging 

are moderate and satisfactory. The elastic resistance of the 

sections, both before and after annealing, is shown to be 

superior to that of corresponding sections of the built-up 

field gun. This, however, is in part attributable to higher 

qualities of metal. 

The physical qualities of the forging, determined from 

tensile-test specimens taken from it after treatment, are as 

follows: 
Breech end. Muzzle end. 

Elastic limit, pounds per square inch. 68,000 75,500 
Tensile strength, “ “ “ “ . 126,500 128,400 
Ultimate extension, per cent. 9.50 11.625 
Reduction of area, “ “ ... 12.14 16.35 

For present purposes the elastic limit for extension will be 

taken at a reduced value, 0 — 60,000, and the elastic limit 

for compression will be defined in each section by the actual 
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measurements made, the highest being p = 78,280 at the 

bore of the breech middle section. It will be understood 

that the stated measured stresses correspond to the measured 

strains per inch for a modulus of elasticity, E = 30,000,000 

pounds. For example, the value of p just stated is derived 
as follows: 

0.00835 (strain) 
' 3.2 (diameter) 30,000,000 = 78,280 (stress). (i) 

The sections taken for examination are the breech, breech 

middle, muzzle middle, and muzzle before annealing, and 

the breech and muzzle after annealing. In the dimensions 

of these sections we have -nearly the counterpart of four 

principal cross sections of the 3.2-inch field gun. 

The principal objects of discussion will be— 

1. To compare the measured stresses in the forging after 

treatment with those anticipated by theory and required to 

make the resistance to interior pressure a maximum. This 

will show the degree of uniformity in the actual stresses and 

how nearly they conform to the requirements of the law for 

maximum resistance. 

‘ 2. Taking the actual stresses as measured in each section, 

to determine the elastic resistance of the section to interior 

pressure. This, while admitting every irregularity of the 

stresses or strains induced by the treatment, will give a final 

measure of its efficacy. 

The formulas* to be applied, which are fundamentally 
the same as those for the built-up construction, relate to a 

gun or cylinder made of a single piece, with initial tension 

produced by interior cooling. 

(2) 

P = 
3 (Pi R<?)P 

(4 R? -f 2 JRJ) — 3 {R? « 
(3) 

*For these formulas see Gun Making, Appendix B, Military Service 

Institution Monograph, 1888. 
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In these equations Pu is the interior pressure per square 

inch which, if applied, would produce an uniform stress, 

#u, in the whole thickness of the wall of the cylinder, de¬ 

pending only upon the dimensions of the cylinder and the 

initial compression p. 

2 Pn2 , 4 Rf P02 6 -D + 
;] 

(4) .3 (R;‘ - AV) W — B*). 

In this & is the increase of stress caused at radius r by the 

application of any interior pressure, P, within the limit of 

elasticity of the cylinder. 

__r~ ^ P02 . 4 rx P02 ~~i p i 

“ La (Px2 - P02) ^ 3r2 (P,2 - P02) J ^ ^ (5) 

In this p is the relief of stress at radius r, with given values 

of Pu and 0u, under the assumption that the pressure Pu 

has been applied and is withdrawn. 

Replacing 0n in (5) by its value as expressed in (2) and 

designating by px a stress at radius rx, the ratio of the stresses 

at two different points in the wall may be expressed by 

P = 

r i Bo2 2 Rx P02 -] 
D2 D 2 ■til   P) (AY 

i R2 2 Rx P02 

jd*-1 

1 ft*1 1 

o
f 

1 

Pi (6) 

From this the stress p at a given radius, r, may be deter¬ 

mined when px for the radius rx is given. The symbols p 

and px in this equation may express either compression or 

tension. 

The radius of the circle on which should be found the 

neutral point of every curve of stress incident to the system 

at rest is found from the equation 

r = Pj «)•- 
v (i)-(t) 

m 
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Additional formulas deduced from those given in Ap¬ 

pendix B, “ Gun Making,” can be given to determine, first, 

the changes in the stresses at given radii due to reaming 

out or enlarging the bore of a cylinder under initial ten¬ 

sion ; second, the changes due to turning off or reducing the 

exterior of the cylinder. Such formulas would be useful in 

the practical working of this method, but it will be sufficient 

to state here that any reduction of the thickness of wall 

should cause a lowering of the initial strains or stresses. 

This result has not been uniformly shown in the present 

experiments. Exceptions may be noted in the earlier stages 

of dismantling the breech and the breech middle sections. 

In these cases it would appear that the metal near the sur¬ 

face of the bore was overcompressed by the treatment, and 

local strains were produced which became manifest when a 

part of the metal was removed. 

To explain the application of the formulas we may take, 

for example, the breech section before annealing. 

Stress Curves for the State of Rest.—Taking the measured 

compression, 71,260 pounds, on the diameter, 3.81 inches, as 

a basis for constructing the “deduced” curve of stresses, we 

first find the corresponding compression at the surface of 

the bore from equation (6), in which 

= R0 = 1.8, r, #= 1.905, R1 = 4.86, Pl = 71260. r 

Then: 

_ 1.0647 — 0.15898 — 2.0695 _ 1.41228 
Po 1.0647 — 0.15898 — 1.5446 Pl 1.16378 

X 71260=86477 lbs. 

Next, applying equations (3) and (2) with />0 given, we 

find: 
3 X 20.38 

X 86477 —91870 pounds. 
07.00 

0u = a Pu = 0.70997 X 91870 = 65225 pounds. 

These latter values express the theoretical condition, 

assumed only for auxiliary purposes, that, having a com- 
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pression of 71,260 pounds at the intermediate radius, 1.905 

inches, an applied interior pressure of 91,870 pounds would 

produce throughout the whole wall of the cylinder an uni¬ 

form tension of 65,225 pounds per square inch. 

The remaining points of the deduced curve of stresses for 

the state of rest are now derived by equation (5). Having 

0u = 65,225 and I\ = 91,870, we find : 

P = 55488 — 
459970 

in which, by substituting the several values of r, there re¬ 

sults : 

D0= 3.6, R0 = 1.8 : P= 55488 — 141965 = — 86477 
d = 3.81, r = 1.905: p = 55488 — 126750 = — 71260 
d = 4.41, r = 2.205: p = 55488 — 94604 = —39116 

&c., &c., 

as given in table A and shown on the accompanying 

plate 6. 
The “ deduced ” stress curves for the state of rest in the 

remaining sections considered are derived in a similar 

manner. In each case the measured stress which is taken 

as a basis and so forms a common point on both the meas¬ 

ured and deduced curves of stress is designated (see table 

and plate 6) by figures in parentheses, as, for example 

(75,000) in the breech middle section, (59,910) in the muzzle 

middle section, and so on. 

Resistance to Interior Pressure.—The limit of elastic resist¬ 

ance of the metal under extension will be taken as before 

stated, 0 — 60,000. The value of P0 will then depend upon 

the condition that this limit shall not be exceeded at any 

point. By a comparison of the measured and deduced 

stress curves for the state of rest, or, if need be, by a pre¬ 

liminary computation, the most dangerous measured stress— 

that is to say, the one which, under the action of an interior 

pressure, would be the first to reach the limit, 0 — 60,000, 

can readily be selected. Consequently the points which 

must be taken upon which to base the value of P0 for the 

several sections are selected and designated (see table) by 
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underlining the critical measured stress; for example, 42920 

on the diameter 9.54 inches in the breech section, and so on. 

In each case it is seen from the table that the corresponding 

stress in action is 60,000 pounds, while the stresses on other 

diameters are less than this; hence the condition is fulfilled. 

Taking again the breech section (second stage) before an¬ 

nealing as an example of the method of computation, the 

elastic resistance of the section and the stresses on given 

diameters for the state of action are derived as follows: 

The measured stress which in this section will first reach 

the limit, 60,000, is 0 = 42,920 on the diameter, 9.54 inches. 

The increase of stress allowable on this diameter in passing 

from the state of rest to action is therefore: 

0 = 60000 — 42920 = 17080 pounds. 

The corresponding value of P0 is then found from (4), 

with r = 4.77. 

0 = 17080 H 0.32602 P0 . * . P0 = 52390 pounds. 

The interior pressure being thus determined, equation (4) 

is further applied to determine the increase of stress at other 

given radii. For this purpose it is convenient to reduce it 

to the form by substituting known values: 

0 = 5553 + 262300 

in which, by substituting the several values of r, we obtain 

the increase of stress for that radius, and, taking the alge¬ 

braic sum of this result and the measured stress at the same 

point (at rest), we have finally the stress pertaining to the 

applied interior pressure, P0 = 52,390 pounds. Thus: 

Increase. Measured, f) {action). 

d =- 3.81, r = 1.905: 6 = 5553 -f 72280 = 77833 — 71260 = + 6573 pounds. 
d — 4.41, r = 2.205: 6 = 5553 + 53949 = 59502 — 56800 = + 2702 “ 
******* 

d = 9.54, r — 4.77: 0 = 5553 + 11528 = 17080 + 42920 = -f 60000 ‘‘ 
(Proof.) 

as given in table A and shown on the accompanying 

plate 6. 
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The radius of the neutral circle of stress for each section 

has been computed by (7) and is noted in the table. 

Table A. 

Measured and Deduced Stresses for the State of Rest and Action. 

BEFORE ANNEALING. 

Breech section, second stage. Original diameters, 1II9'77 inches 

Diameters. 

State of rest—stresses. State of action. 

Measured. Deduced. Pressure. Stresses. 

Inches. 
Bore, 3.6 

Pounds 
per sq. inch 

Pounds 
per sq. inch 

— 86,477 
—(71,260) 
— 39,116 
— 16,658 
— 1,142 

Pounds 
per sq. inch. 

Pounds 
per sq. inch. 

+ 34 Thickness of section in 
3.81 
4.41 
5.05 
5.70 

— 71,260 
— 56,800 
— 30,000 
— 2,370 

ffi 
O 
a 
c3 

+ 6,573 
+ 2.702 
+ 1,694 
+ 35,477 

calibers, 0.85. 

6.30 
6.95 
7 57 
8.20 
8.82 
9.54 

Exterior, 9.72 

+ 14,290 
+ 23,960 
+ 32,900 
+ 35,400 
+ 36,700 
+ 42,900 

+ 9,132 
+ 17,396 
+ 23,382 
+ 28,125 
+ 31,837 
+ 35,272 

+ 36,014 

i‘| 
*° O 

Cfl 

% 

+ 46.278 
+ 51,235 
+ 56,762 
+ 56,557 
+ 55,740 
+ 60,000 Elastic limit. 

* Neutral point, d — 5.76. 

Breech middle section, second stage. Original diam¬ 
eters, 

f J90 = 2.80 inches. 
\D1 = 8.68 inches. 

Bore, 3.20 
3.38 
4.02 
4.64 

— 78,280 
— 75,000 
— 42,910 
— 10,670 

— 90,721 
—(75,000) 
— 35,169 
— 11,209 

© 
o 
p 
a 

+ 21,115 
+ 14,789 
+ 22,595 
+ 40,146 

Thickness of section in 
calibers, 0.81. 

5 26 
5.90 
6.50 
7.08 

+ 7,410 
+ 18,560 
+ 28,380 
+ 34,320 

+ 4,791 
+ 16,304 
+ 24,159 
+ 29,934 

©2 
+ 48,450 
+ 52,566 
+ 57,587 
+ 60,000 Elastic limit. 

7.65 
8.24 

Exterior, 8.38 

+ 35,490 
+ 30,760 
+ 31,330 

+ 34,378 
+ 38,041 
+ 38,799 

GS 
13 

+ 58,454 
+ 51,485 
+ 51,593 

* Neutral point, d = 5.04. 

Muzzle middle section, , second stage. Original diam¬ 
eters, 

f Dq — 2.80 inches. 
\ Dl = 6.44 inches. 

Bore, 3.20 
3.38 
4.02 

* 

4.64 
5.26 

5.90 
Exterior, 6.06 

— 65,300 
— 59,910 
— 13,430 

+ 19,070 
+ 30,500 

+ 22,630 
+ 24,510 

— 77,348 
—(59,910) 
— 15,737 

+ 10,838 
+ 28,583 

+ 41,352 
+ 43,930 

CG 
*35 

CO <D —A. 
r-1 <T) 

2*'s§ 
00^=4 

£ 

+ 670 
+ 56 
+ 31,328 

+ 54,679 
-1- 60,000 

+ 47,734 
+ 48,726 

Thickness of section in 
calibers, 0.45. 

Elastic limit. 

* Neutral point, d = 4.354. 

14-Bull. Phil. Soe., Wash., Vol. 13. 
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Table A—Continued. 

BEFORE ANNEALING. 

Muzzle section, third stage. Original diameters, j _g'gjj Indies* 

Diameters. 

State of rest—stresses. State of action. 

Measured. Deduced. Pressure. Stresses. 

Inches. . 
Bore, 3.2 

3.35 
* 

3.90 
4.46 

Exterior, 4.60 

Pounds 
per sq. inch. 

— 26,000 

— 1,925 
+ 28,600 

Pounds 
per sq. inch. 

— 36,748 
—(26,000) 

+ 3,378 
-f 22,836 

+ 26,808 

Pounds 
per sq. inch 

■ 

0) 
pH 

Pounds 
persq. inch. 

+ 14,784 
+ 21,900 

+ 36,049 
+ 60,000 

Thickness of section in 
calibers, 0.22. 

Elastic limit. 

* Neutral point, d — 3.82. 

AFTER ANNEALING. 

Breech section, third stage. Original diameters, ^ches 

Bore, 3.6 — 29,170 — 30,905 + 60,000 Elastic limit. 

3.81 — 25,20 ' —(25,200) © + 55,119 
4.41 — 31,290 — 13,164 o + 30,330 Thickness of section in 
5.05 — 18,120 — 4,752 § + 30,443 calibers, 0.75. 

5.70 — 790 + 1,058 
»0.j® 
o“ + 38,749 

6.30 + 9.048 + 4,906 of u + 42,613 
6.95 + 16,620 + 8,002 10 o + 45,378 
7.57 + 19,220 + 10,243 -g + 44,497 
8.20 + 20,600 + 12,020 C8 + 43,119 
8.82 + 21,500 + 13,410 '3 + 41,860 

Exterior, 9.00 + 18,500 + 13,761 + 38,315 

* Neutral point, d = 5 562. 

Muzzle section, third stage. Original diameters, | ^° ?'gg Aches' 

Bore, 3.2 — 20,254 + 59,710 
3.35 — 14,330 —(14,330) 

<x> 
O'.H ° 

+ 60,00u Elastic limit. 
* ..,IB,II,,III; cg -g g 

3.90 — 3,460 + 1,861 — "to + 55,467 Thickness of section in 
• 4.46 + 10,100 + 12,586 

(SI qi ..I 
._. w + 58,825 calibers, 0.22. 

Exterior, 4.60 + 14,676 0> 

* Neutral point, d — 3.82. 

The Possible Maximum Resistance of the Sections.—Suppose 

the initial tension curve to be such as is required by theory 

to give a maximum resistance, several propositions may be 

stated : 

1st. The point of critical strain may always be taken at 

the surface of the bore where the compression at rest or the 
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extension in action cannot exceed the elastic limit of the 

metal. 

2d. To make the resistance to interior pressure a maxi¬ 

mum in any cylinder, the state of initial tension should be 

such that when the pressure acts from within the whole 

thickness of metal in the wall should be, as nearly as prac¬ 

ticable, uniformly strained to the elastic limit of the metal. 

3d. If p and 0 be taken equal and the compression of bore 

carried to the limit p, there is but one thickness of cylinder 

(0.65 caliber, nearly)* for which a condition of uniform 

strain in action equal to the elastic limit of the metal can 

be attained. 

4th. For cylinders of greater thickness than 0.65 caliber 

a state of uniform strain in the wall will be reached in 

action and passed before the elastic limit of the metal is 

attained, and with increasing pressure this limit will be 

fully reached only at the surface of the bore, thus determin¬ 

ing the limit of pressure. For such cylinders the best con¬ 

ditions of resistance will be obtained by utilizing the full 

limit of compression of the metal in the initial tension. 

5th. But for cylinders of less thickness than 0.65 caliber 

a state of uniform strain in action equal to the elastic limit 

of the metal can be attained with a compression of bore less 

than the limit p. The thinner the cylinder the less should 

be the initial compression imposed. It follows that the 

possible maximum resistance of such cylinders will be ob¬ 

tained by adjusting the initial compression within limits. 

If the full limit of initial compression were given, the elastic 

limit of the metal would be reached in action at the exterior 

of the cylinder sooner than at the bore. 

6th. As a consequence, also, of the preceding, the resist¬ 

ance of cylinders of less thickness than 0.65 caliber, treated 

by interior cooling, should be directly proportional to the 

thickness. This treatment gives the means of imparting the 

' greatest resistance so far known to such cylinders. 

*See Appendix B, “Gun Making” and “ Modem Gnn Construction 

and Breech Mechanism,” Congress of Engineers, 1893. 
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7th. When one point of the initial tension curve is given 

(either an assigned or measured value of p) the curve will 

be fixed, as has been illustrated in the examples worked out. 

It is important to observe that this curve as defined and 

laid down is, barring the presence of local strains in the 

metal, that which should be naturally formed under the 

conditions of equilibrium between the positive and negative 

strains in the wall of the cylinder at rest. This equilibrium 

must exist, and the curve as defined fulfills this condition, 

since it is dependent upon it. The straight line, represent¬ 

ing the state of uniform strain in action, used in every case 

as the datum line for the initial tension curve, is dependent 

upon the condition of equilibrium between the pressure and 

the elastic strains in the metal. That line, however, is the 

initial tension curve itself in a particular position. On the 

withdrawal (supposed) of the force P the right line falls to 

the position of the initial tension curve, having lost nothing 

of its property to express the equilibrium of the forces which 

cause it to exist. This being, then, the only curve which 

can be formed under the circumstances, and since the value 

of p cannot exceed the given elastic limit, it may be seen 

why in cylinders thicker than 0.65 caliber the conditions of 

maximum pressure and uniform strain to the elastic limit 

of the metal in action cannot exist together. An initial ten¬ 

sion curve, starting with the limit p at the bore and having 

higher strains than the natural curve toward the exterior, 

might be laid down which would become a straight line with 

P increased sufficiently to stretch the bore to the elastic 

limit, but such an initial tension curve is not attainable in 

practice. 

To compute the possible maximum resistance of the pres¬ 

ent sections of cylinders we will take, as before, the con¬ 

servative limits, & = 60,000 = p. The breech (after anneal¬ 

ing) and the breech middle sections are respectively 0.75 and 

0.81 caliber in thickness. Their maximum resistance will 

therefore depend upon the assumption that the bore is ini¬ 

tially compressed to the limit p at rest and extended to the 
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limit 9 in action, and its value will be found from equation 

(1) (Appendix B, “ Gun Making ”); whence 

Breech: P- (, + *) = X 120000 = 

70000 pounds per square inch. 

44 09 
Breech middle: P— X = 71652 pounds per 

'square inch. 

The muzzle middle and muzzle sections are less than 0.65 

caliber thickness, being respectively 0.45 and 0.22 caliber. 

The desired initial compression, or that value of p, in terms 

of the limit 9, which will cause the wall to be uniformly 

strained to 60,000 pounds per square inch when the limit of 

interior pressure is reached, is found by combining equa¬ 

tions (1) and (2) of the work cited; whence 

|-4 R> + 2 jy 
L_3 ( 

From which we find: 

Muzzle middle: p — 0.6769 X 60000 = 40614 
Muzzle: P = 0.3174 X 60000 = 19046 

These reduced values of p being given, the maximum re¬ 

sistance will be found by applying equation (1) as for the 

other sections. Then 

Muzzle middle: P — (40614 -f- 60000) = 47650 pounds 

per square inch. 
ft i q 

Muzzle : P — (19046 + 60000) = 24634 pounds per 
Zv.Zo 

square inch. 

The value 24,634 for the muzzle section is less than 24,920, 

which was computed, from the most dangerous one of the 

actually measured stresses, to be the resistance after anneal¬ 

ing. This slight discrepancy is due to the irregularities of 
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the curve of measured stresses and that there is no measured 

stress for the exterior surface, where, as every indication 

points, the critical strain should actually be located. It 

will be observed that the curve of deduced stress at rest in¬ 

dicates a stress of 14,676 pounds at the exterior surface. 

Taking the latter to govern the resistance, we find, from 

equation (4), P0 = 24,167. It may be said, therefore, that 

the probable resistance, based upon an extension limit of 

60,000 pounds as taken, lies between 24,167 and 24,634 (theo¬ 

retical maximum) instead of being 24,920. 

Similar conditions are also present in the breech and 

muzzle sections before annealing, and the values given for 

them in table A and drawing should probably be reduced 

in the same proportion, or about 3 per cent. This reduction 

is made in the following table, which gives a comparison of 

the resistance of these sections and those of corresponding 

dimensions in the built-up field gun as now made. It must 

be observed, however, that in the field gun the tube is not 

hooped in the two forward'sections. 

Comparative Resistance of Initial Tension Cylinders and the 3.2-inch Built-up 

Field Gun. 

Resistance, estimated. 
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T i (On measured) Before annealing.. 
Initial tension! Btresses> j After annealing.?......... 

Pounds 
per sq. 
inch. 
50,818 
52,015 

Pounds 
per sq. 
inch. 
59,350 

Pounds 
per sq. 
inch. 
31,316 

Pounds 
per sq. 
inch. 
15,578 
24,167 
24.634 cylinder. ] T£eore& maximum.fZIZ" 70,000 71,652 47,650 

3.2-inch field gun computed resistance. 38,250 41,030 21,730 13,995 

Conclusions.—The graphic representation of the curves of 

stress, &c., on the accompanying plate 6 affords the best 

means of judging the results of the treatment of the forging. 

The close accordance of the measured and deduced curves 

of stress in the forging after treatment is not accidental, 

because, as previously stated, both curves depend upon the 
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equilibrium of the strains in the forging, and by construc¬ 

tion they have one point in common. Their further coin¬ 

cidence, therefore, is evidence of the uniformity of results 

obtained by the treatment. The somewhat marked irregu¬ 

larity of the measured stresses near the bore in the breech 

section, both before and after annealing, has led to the con¬ 

struction of two deduced curves, of which it will be seen 

that the one marked No. 2 coincides most nearly with the 

measured curve. This No. 2 is based upon the measured 

compression on the second circle from the bore. There is 

apparent evidence in this section that the contractile force 

of the outer layers of metal in cooling was sufficient to over¬ 

compress the metal near the bore. 

The strains engendered in all the sections by the interior 

cooling were apparently unnecessarily severe, and tended to 

produce too great a strain of tension toward the exterior for 

economy of resistance to interior pressure. Thus, in all of 

the sections, before annealing, it is seen that the curve of 

stress in action departs considerably from a horizontal line, 

and the limit of stress in action is reached first at or near 

the exterior surface.* Of the four, however, the breech 

middle section is exceptionally well disposed. 

It is important to note the general resemblance of the 

measured curves of stress in the four sections as showing 

the regularity of the cooling treatment throughout the length 

of the forging, and that an inspection of the end sections 

would have disclosed the condition of initial tension in the 

whole forging. This forging, as shown on the drawing, had 

marked irregularity of sectional dimensions, yet the degree 

of initial tension in the several sections is in general propor¬ 

tional to the thickness of the section, and there is no gen¬ 

eral abnormal distortion of either thin or thick sections. 

* The position of the stress curve for the state of action is necessarily 

influenced by the selection of the value 0 = 60,000. If this value had 

been taken equal to 68,000, as given in the report of physical qualities of 

the metal before quoted, the stress curves in action would be considerably 

more elevated next the bore, and the estimated values of P0 would be 

correspondingly increased. 
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This result was, however, to be expected, inasmuch as the 

theoretical curve of initial tension depends upon the thick¬ 

ness of wall in calibers, and the actual curve evidently obeys 
the same law. 

This experiment leaves no room to doubt that initial ten¬ 

sion strains of as great intensity as are desirable can be pro¬ 

duced in a hollow forging by interior cooling, and if these 

strains should be more than needed they can be reduced 

by annealing. The effect of the subsequent annealing in 

the present case was beneficial, particularly in the muzzle 

section, which now shows the peculiarly interesting case of 

a resistance to interior pressure which closely approximates 

the possible maximum. The ordinates of the stress curve 

in action are all nearly equal and differ but little from the 

limit of 60,000 pounds. 

Without disparagement to the built-up, hooped gun, which 

has proved to be excellent, it may be said that the apparent 

superiority of a gun made of a single forging, with initial 

tension produced by interior cooling, rests not only upon 

claims for reduced cost and increased longitudinal stiffness, 

but also for increased tangential strength in every section 

where the actual thickness of wall is insufficient in practice 

for the division of the built-up gun into as many as four 

layers, since this number of layers is in general required 

in that construction to enable the bore to be worked through 

the double limit of elastic movement. 

Inasmuch as the walls of built-up, hooped guns below 10 

or perhaps 8 inches caliber cannot be conveniently divided 

into four layers, and this division, moreover, can only be 

applied in the thicker portions (i. e., the reinforce), the con¬ 

clusion from the theoretical standpoint, at least, is that an 

equality of tangential strength will exist under the two 

modes of construction for the reinforce of guns of 8 or 10 

inches caliber and upwards; but for guns of smaller caliber 

and for the chase portions of all guns the greater tangential 

strength will pertain to the single forging with initial ten¬ 

sion produced by interior cooling. 



THE LATITUDE-VARIATION TIDE.* 

BY 

Alexander Smyth Christie. 

[Read before the Mathematical Section May 23, 1895. The non-mathe- 

matical part was read before the Society May 11, 1895.] 

I. 

The Derivation of the Formulx. 
Let 

H = h + 2 (cr cos ir t -j- sr sin ir t) 
r 

= h-\- Z ar COS (ir t — er) 
r 

be the height of the surface of the sea at time t above any 

datum plane, then for a series of v observations at equal time 

intervals r we have, t denoting the middle of the series, 

* General W. W. Duffield, Superintendent of the United States Coast 

and Geodetic Survey, has very courteously granted me permission to 

publish the data given below, and has also favored me with copies of 

several papers on file in his office prepared by me while engaged in the 

search for this tide. A paper containing the full discussion is reported 

to him by his subordinates as not found. 

15-Bull Phil. Soc., Wash., Vol. 13. (103) 



104 CHRISTIE. 

Summing, dividing by v, and putting 

UH0+H1+ . . . +Hv_i)=T, 

1 . sin v ft 

2 ^T = /3,, 7i^r = W'’ 

uc= C, us = S, ua = A, 

we obtain 
T— h + 2 (Or cos it t + Sr sin iT t) 

r 

= h 4- 2* ^4r cos (ir t — er) 
(2) 

h 

For every value of t employed in the numerical summa¬ 

tions the terms in (2) arising from tides other than the one 

sought may be computed and removed whenever their de¬ 

fining elements are known, but the process would be very 

laborious, and for the present purpose is unnecessary. 

Let m be a positive integer, j the speed and mvr the com¬ 

plete period assumed for the tide sought, and put 

2 (Gr cos ir t + Sr sin ir t) — 2 0r, 
r r 

where ir no longer includes j ; then (2) becomes 

h + Cj cosj t + Si sinj t G2j cos 2 jt + . . . — (T7— 2 0t) — 0. 

m — 1 m — 3 
Putting in this successively^ 

m — 1 
m m 

• + 
G 

m 
tr, where n — 180°, we have 

S 

"J _ nyt "I _ivvj 1 _ryv) 

1 + cos-7i -f sin-7t -f cos 2 ——— tt + ... — (T— 20r) 1 _m = 0 
2 2 m m m 

1 -j- cos m 
, . 3 — m , 0 3 — m , V/1N 

tt + sin ——- X +cos 2 ——— * + . . . — (T— 20r)3 _ 
m m 

1 + cos 
m- 

m 
1 . m 

— 7r -j- sm — 
m 

1 . 0m 
— tt -f cos 2 — m «+ . ..-{T-20X-x= 0; 
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of which the least square solution is 

h = h' + h" } 

3, = <V + C„/' • 
S« = SJ+Svi\ 

where 

U = — 2 TL 

(3) 

m 

(7/ = (—)P — 2 2T cosp (2k + 1) £ 
pj v ' m k k r v 1 ' m 

h" = — Sc ammv P' 
~ 'T mv sin /Sr 

0/ = — cosp - . Zc,vtsinvpT 

S„" = —sin p^ . Sstvr cos v p, 

p 2 sm mv ftr sin v rv 
*’r = C-) -T7-. /-3y.» 

m v sin /5r sin \v ft, — P ~J sin [v pr -f p -J 

the summations with respect to k being taken from k = 0 to 

k = m — 1. The probable errors are to be computed by the 

usual formulae. These forms are adapted to the treatment of 

the observations one ^‘-period at a time; the quantities 

er implied in cr and sr must be taken for the middle of the 

period, and to this epoch the resulting values of Cvj and 

relate. We then have for the same epoch the final values 



106 CHRISTIE. 

for substitution in the form 

cpj cospjt 4- Spj sinpjt 
or 

% COS (pj t — £pj) 

expressing thej-tide of pth order. 

(4) 

Resume equation (2): Then 

f / TV— 1 \ 
| + sm iT 1 

| -J- /Sr sin iT 1 

( N—l 
T0=h + Z 1 

r, = a + ^ 

^ (7r cos ir 1 

f ■ /S/10 0 

1/ 2 mi/TJ 

f iV—3 > 

(/ 2 

ft |~3 
V 2 m > V 2 

21-i=A + 2:-| Or cos ix | ft-UN-1mvrS ) -j- ST sin ij. 1 ft , ^-1 + 2 to >- ^ V + 2 

1 ^ 1 -mvTj > 

•)} 

are Nconsecutive derivative ordinates T separated by a com¬ 

plete ^'-period, and hence relating to the same phase of the 

j-tide. Summing, putting 

N (^0+^1+ • • • + - l) — Q, 

sin Nmv(3r 
N sin mv U, 

we obtain 

or, putting 

UC = r, 

Q = h -j- 2 (jx cos ir t -f- sin iv t) ; 

2 (yr cos irt-\- <rr sin it t) — 2 <pY, 

(5) 

where ir no longer includes j, we have 

h + r.j cos j t -j- flj sinj t + rvcos2jt + . . . —(Q~2 pr) = 0. 

1TT ... . ,, . . , . m — 1 m — 3 
Writing m this successively j t== —-- n. —-n. .., 

m m 
m — 1 

* ’ ‘ m 

solution is 

7T, we get m equations, of which the least square 
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where 

W+:U") 

Ypj ^pj ~b ^pj j- ’ 

afi = ffvi + ffpj” J 

(6) 

<=(—) - £ Qksmp(2£+ 1)- m m 

(A") = 
v sm N m v fiY 
^ Cl N m v sin ft 

rPj" = “ cos p — . ^ cr wr sm v ft 

<rPj" = — sm p — . ^ sr wr cos v ft 

wr = (—■)* 
2 sm Nmv pv sin v pv 

Nmv sin ft sm — P sin ^ ft + p 

the summations with respect to k being from k — 0 to 

k = m —1. The probable errors are to be computed by 

the usual formulae. These forms are adapted to the treat¬ 

ment of the observations one section of N superposed j- 

periods at a time. The quantities er implied in cr and sr must 

be taken for the middle of the section, and to this epoch the 

resulting values of rPj and ^Pj relate. We then have for the 

same epoch the final values 

/ vP(N + l) . , \P(N + 1)(?. 
cpj — ( ) rpj • ^pj 5 spj — ( ) Pj 

% = VCpj2 + spj2 , Sj = ian 1 (sPj -5- Cpj), 

for substitution in the forms (4). 
Let en e2, . . e2rj or elt £2, . . e2s + 1) according as the 

number of consecutive periods or sections from which the e’s 
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are derived is even or odd, be the values of e in thepth term 

of the 7-tide, as obtained from the several successive and 

consecutive periods or sections by the numerical process re¬ 

flected in the foregoing analysis, I the time-length of a 

period, or section, as the case may be, and dj a correction to 

the assumed value of the speed, so that the corrected or true 

speed of the tide or inequality sought is i — j + dj ; then, 

denoting by £0 the true value of e at the middle of the series, 

we have for the determination 

equations 

£o pISj or 

2 r — 1 
1 4- - 

2 h -0 

, 2 r — 3 
1 + - 2 

— e2 =0 

• 
1 

• 

1+- 2 
= 0 

1 
1 - - 

2 -£r + l =0 

„ 2 r — 3 
1 - - 

2 e2 r — 1 ~ t) 

2 r — 1 
1 - - 

2 
— e2 r =0 

of e0 and dj the conditional 

eo pldj 

1 + S — £i = 0 

1 + (8 - D-*. = 0 

1+ 1 — £g = 0 

1 zb 0 “£s+l 
= 0 

1 - 1 “ £S + 2 = 0 

1 - s ~£2s+] 1 = 0 

whence the most probable values are 

-j k = 2 r 

?0== 27 kli £k 

or 
p I. r (2 r — 1) (2 r + 1) k = i 

-j k = 2 s 4-1 1 

k = 2 r 

2 (2 r 2 k+ 1) e* 

2 6’ 4" 1 k : 

3_ 
8 (s -f 1) (2 s + 1) 

k = 2s + 1 

(8—k+ 1) 
k = 1 
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From the weighted values of dj resulting from the treat¬ 

ment of the several terms of the ^'-tide that are sensible, a 

mean correction to the assumed speed, and hence a correc¬ 

tion to the assumed period, is obtained. 

The preceding formulae, which are worked out in accord¬ 

ance with received principles, are those employed by me in 

1892 in finding the latitude-variation tide in Penobscot ba}r, 

and they differ from those submitted to the Philosophical 

Society in my paper of May 21,1892, which I had employed 

in 1891-92 in finding the same tide in San Francisco bay, 

only in the simplifications arising from assuming the middle 

instant of the observations, instead of the initial instant, as 

the secondary time zero. In my revision of the work for 

publication in the Coast Survey annual volume, I employed 

the simplified formulae at both stations. This transference 

of the secondary time zero is especially important in connec¬ 

tion with a solution which I now proceed to develop. I early 

perceived its possibility, and had it under consideration when 

I left the Coast Survey in 1893. 

When dj is null—that is to say, when the period assumed 

in the grouping of the observations is precisely that of the 

inequality sought—the amplitudes will not suffer in the 

summations, nor will the epochs be displaced ; but when dj 

differs from zero the amplitudes will be diminished and the 

epochs advanced or retarded in the process of their deriva¬ 

tion. It is my purpose now to determine, in this latter the 

general case, the corrected values of the amplitudes and 

epochs without having recourse to the tedious operation of 

redistributing the observations according to the corrected 

period. 

In the case to be considered, namely, when dj is not null, 

there is in reality noj-tide, Cpj and Svj in (3) are null, and the 

tide of speed i =j -f djt with its harmonics, is to be found 

among the terms of Cv." and Svj". We then have as the 
correct solution 

0 = Cp/+Cp" 

o = sv.; + v, 
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or, as a special case, when only the -i-tides are sought, 

2 cqi Vqi sin \>pqi — [A — 2 cT Vr sin v /?,.] = O') 
q r C 5 

2* sqi Vqi cos v/9qi — [B — 2 sr Vr cos v ft] = 0 ) ’ 
q r 

where 

^ = . 2 Tkcosp(2&-f- 1)^ 

(7) 

B = v cosec p — . 2 2! sm p (2 & -f 1) — r m k k ' m 

Vx = 
s^n v /3r sin- m v pr 

v*- 

sin ft sin (v ft — p sin (v ft + p 

sm v p . sm m v /? . 

sm /5ql sm (v /Jqt - P sin (v /Sql + p 

and ir includes neither y nor i. The summations with re¬ 

spect to k are from & = 0 to k — m — 1. Equations (7), in 

which each unknown is affected by a factor of diminution, 

take the place of the last two series of equations given by 

(3) and afford by their solution the c’s and s’s, and hence 

the a’s and e’s, for substitution in the forms (4). 

In like manner we have from (6) 

0 =F Yvy + Tv" 

0 = tfp/ + 

2 cqi Wqi sin v pqi — \E — 2 cr Wr sin v /?r] = 0 
q r 

2 sqi Wqi cos v /Sqi — [F — 2 sr TTr cos v /5r] = 0 

or 

(8) 

where 

E=Nv seep ^ . 2 Qk cosp (2 & + 1)~ 
m k 

F= Nv cosec p ^ . 2 Qk sin p (2 £ + 1) ^ 



THE LATITUDE-VARIATION TIDE. Ill 

sin v j8r sin N m v ftr 

sin ft sin (v ft — p ^ sin (v ft + P 

w_sin v ft, sin N to > ft,_( 

ft, sin (v ft, - p » (* ft, + p 

and includes neither y nor i. The summations with re¬ 

spect to k are from k = 0 to k — m — 1. Equations (8) take 

the place of the last two series of equations given by (6), and 

afford by their solution the c’s and s’s, and hence the a’s and 

s’s, for substitution in the forms (4). 

The generality and flexibility of this solution may be re¬ 

marked. The ordinary solution, when the period of the 

inequality is known in advance and the observations are 

grouped in accordance with that period, is obtained from it 

by putting i —j. The method here given applies whether 

the period of the inequality sought is known in advance 

exactly, with considerable precision, or only roughly, and I 

would suggest that it might prove useful in picking up ine¬ 

qualities when nothing is known of their periods. The 

transference of the secondary time zero to the midde instant 

of the observations preserves in both the solutions of this 

paper the inherent symmetry and simplicity of the forms • 

in the last one it effects a complete axial revolution, separat¬ 

ing the cosine from the sine coefficients, and thus notably 

diminishing the labor of solution. From a theoretical point 

of view, the most remarkable thing about the second solution 

is that the/-coefficients, to which is assigned the title role in 

the formation of the normal equations, are not the quantities 

sought, and when the solution is effected it inures to the 

benefit of other coefficients—that is to say, other coefficients 

are thereby determined. I do not recall any other instance 

in mathematics where a like distinctively vicarious action 

appears or is noted. That this vicarious solution is logically 

sound may be shown in various ways. It may be made to 

repose upon the fact that the certain and only possible value 

10—Bull. Phil. Soc., Wash., Vol. 13. 
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of the ./-coefficients derivable from the equations of condition 

is zero, and the obvious principle that certainty is probability, 

namely, the highest degree of probability, a probability that 

excludes every alternative. Thus, wherever there is a system 

of n simultaneous linear equations in n unknowns, the 

method of least squares affords a valid transformation, which 

at times may facilitate their solution. Take, for example, 

the derivation of Fourier’s integral: The problem is, first, 

to determine the unique, the only possible, values of the 

coefficients in 
P= 00 

cQ + 2 (cp cos pj x -j- sp sin pj x) 
p = o 

so that the series may be the equivalent of <p (x) for all 

values of x between — % and -f <p (x) being subject to the 
3 3 

well-known limitations. Putting j x successively equal to 
to—1 to— 3 to—1 ,, . 

7T. — —— 7T, . . . ? -f--7r. we obtain 
to to 

s. 

to 

'i °i 

1 — to . .1 — to 1 —to 
1 4- cos-tt -j- sin-7r 4- cos 2-7t -f- . . . — <p (--= 0 

* m to 1 to 1 r \ m j J 

3 — to 

3 

I I ... /3 — to tt\ 
1 + COS-7T+.. — (p\-^) = (J 1 to 1 r\m j J 

. to — 1 
1 + COS ——— tt + to 

(m — 1 7T 
^ V to j Dl». 

whence by least squares, to obtain the unique values, which 

are therefore the most probable values of the coefficients, 

1 k = m — i /2 h + 1 — m ~\ 

'- = y.-o n—|—j) 
2 k -j- 1 — m iv\ 2 & -f- 1 — to 

m 3 J 1 m 

’2 h -h 1—to tt\ . 2 & -f- 1— to 
--r ) sin p-7c • 

TO 3 J 1 TO 

Cp _ TO tJ 

Jtv — ill - J. / 

^ H 
k = 0 ' 

9 k = m — 1 

- 2 
m i, o 

P1 
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When m = an infinity of a higher order than p — oo 
these become 

+JL 

c»= ‘hfJda 9 o) 

j n J 
Cp = — | da (p (a) COS pj a 

i/ 7r 

+7 J cJ Sp = — f da cp (a) srn pj a 
7T 

and then Fourier's integral, 

+oo +oo 

(p (x) = ^do. ip (a) j*d ft COS ft (a — a;) 
— oo — 00 

follows in the usual way. Thus a known (*) special device 
of solution is referred to a general principle, and Fourier’s 
integral, with all its consequences, is derived from the cal¬ 
culus of probabilities. 

II. 

Results of the Application of the Formulse to the Tides of San 
Francisco and Penobscot Bays. 

At the close of the official day of December 18, 1891, Dr. 
T. C. Mendenhall, at that time superintendent of the United 
States Coast and Geodetic Survey, informed me that Pro¬ 
fessor Simon Newcomb had suggested to him that the Survey 
should endeavor to find the tide corresponding to the lati¬ 
tude-variation then under discussion by astronomers, and 
to which Dr. S. C. Chandler had then recently assigned a 

*See Byerly (Wm. E.) An elementary treatise on Fourier’s series, etc., 
8°, Boston, Ginn & Co., 1893, chapter ii, which I have consulted since 
obtaining my results. 
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period of 427 days. After a brief consultation as to the tidal 

observations available, the superintendent directed me, as 

chief of the tidal division, to make a rapid preliminary 

search for the tide, with the understanding that if its exist¬ 

ence were once established a more careful determination 

could be made at our convenience. I made an analysis of 

the subject that evening, the work of reduction of the obser¬ 

vations began next morning, and on February 13, 1892, I 

passed to the superintendent, in writing, the defining ele¬ 

ments of the latitude-variation tide, as derived from the 

observations made at the Coast Survey mareograph stations 

in the immediate vicinity of San Francisco, Cal., namely, 

at Fort Point, latitude 37° 48'.4, longitude 122° 28'.2, from 

February 5, 1856, to February 15, 1870, and at Sausalito 

(formerly Saucelito), latitude 37° 50'.5, longitude 122° 28'.5, 

from February 19, 1877, to March 2, 1891, in the form 

ax cos (i \5 — O + a2 cos (2 i t —■■ e2), 
with 

ft. in. mm. 

ax = 0.066 ■= 0.79 = 20, = 82°, 

ft. in. mm. 

a2 = 0.038 = 0.46 = 12, e2 = 16°, 

i — 0°.03428 per mean solar hour, 

d. 

Period = 437.6 days, 

t reckoned from 0h, February 5, 1856, San Francisco mean 

local civil time. 

I then proceeded to bring into the reduction seven more 

years at Fort Point, thus completing at the two stations, 

which are connected by a line of spirit-levels and may be 

regarded as a single station, a 35-year series extending from 

February 5, 1856, to March 2,1891, constituting 30 consecu¬ 

tive periods of 427 days each; and I revised those portions 

of the whole work where the condition of the observations 

and the inferior character of the tabulations and daily sum¬ 

mations, made many years before, were most favorable to 

the occurrence of error. The result was a modification to 
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ft. in. mm. 

^ = 0.051 = 0.61 = 15.5, 

= 98° ± 24°, 

Period = 437.6 ± 2.0; 

aud I reserved the second term for further consideration. 

Thus far the assumed period, in conformity with which the 

observations had been distributed into groups, was the then 

Chandler period of 427 days. In this distribution (see the 

formulae) r = lh, v = 1281, m = 8, N = 6. I computed and 

applied all the corrections for imperfect elimination of other 

tides (the C" and S" terms in (3) and the y" and <sn terms 

in (6)1, finding them sensible for the solar annual and semi¬ 

annual, the lunar declinational diurnal, and the lunar semi¬ 

diurnal. 

On communicating these revised results to the superin¬ 

tendent, he directed me to make two other distributions of 

the same series. I selected the periods 440 days and 456 

days. In the 440-day distribution t = lh, v = 1320, m — 8, 

N = 5, and I had to apply corrections for the solar annual 

and semiannual, the lunar declinational diurnal, and the 

larger lunar elliptic diurnal. In the 456-day distribution 

t = lh, v = 1368, m = 8, N = 4, and I had to apply correc¬ 

tions for the solar annual and semiannual and the lunar 

semidiurnal. The results for a and £ from the several inde¬ 

pendent sections of each distribution are brought together 

in the following table: 

No. of section. 

427-day distribu¬ 
tion. 

440-day distribu¬ 
tion. 

456-day distribu¬ 
tion. 

a. e. a. e. a. E. 

1. 
ft- 

0.0784 
O 

77 A 
ft- 

0.0644 
O 

187.3 
ft. 

0.0812 
528 

o 

150.8 
2. 413 134.4 668 194.1 51.2 
3. 307 274.4 

239.0 
431 180.0 458 113.1 

4. 710 752 198.2 465 10.1 
5. 0.0306 285.0 079 *[33.7] 

122.1 
628 — 11.8 

6. 0.0785 279 — 160.2 
7.. 0.1250 — 230.3 

* Rejected for indetermination. 
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From these I obtained 

427-day distri¬ 
bution. 

440-day distri¬ 
bution. 

456-day distri¬ 
bution. 

Period.. 
d. d. 

437.6 ± 2.0 
d. d. 

437.0 ± 1.0 
d. d. 

437.7 =h 1.9 

<h. 
ft- ft- 

0.051 ± 0.007 
ft- ft. 

0.056 ± 0.007 
ft- ft. 

0.063 d= 0.008 

ei. 219° ± 24° 203° dr 12° 170° d= 24° 

The date to which ^ relates is 0h, July 1,1854, civil reckon¬ 

ing. The three distributions covered the period July 1,1854, 

to March 2, 1891, 38 years and 8 months. I took the mean 

of the three and wrote for result 

ax cos (i t — ej, 
with 

ft. in. mm. 

ax Eg 0.057 = 0.68 §= 17.3 
±7 ± 9 ±2.2 

= 197° 
±20 

i = 0°.03429 
±13 

Period = 437A 
±1-7, 

t reckoned in hours from 0h, July 1, 1854, San Francisco 

mean local civil time. The superintendent communicated 

these results to the National Academy of Sciences at its ses¬ 

sion in Washington in April, 1892, and I included them in 

a paper read before the Philosophical Society on May 21, 

1892. 
Immediately upon the adjournment of the National Acad¬ 

emy I began the reduction of the tidal observations made 

at the Coast Survey mareograph station at Pulpit harbor, 

Penobscot bay, Maine, 1870-1888, and distributed them into 

three independent consecutive sections of five 440-day periods 

each, extending from 0h, January 22, 1870, to 23h, February 

16, 1888. The preliminary results, brought out without 
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correcting for imperfect elimination of other tides, orally 

reported to the superintendent May 21,1892, and communi¬ 

cated to the Philosophical Society in my paper that evening, 

are given below in the recapitulation. 

About February, 1893, I resumed work on this tide, re¬ 

vised the computations, and rewrote my official report for 

publication in the Coast Survey annual volume. It was 

practically finished when I was forced to resign, April 18, 

1893. This paper contained the development of the formulae 

of reduction, a description of the data, the record of spirit- 

levels at the mareograph stations, the derivative ordinates 

(eight to each period), like ordinates for each section, tables 

of the computed corrections, the corrected results, and sug¬ 

gestions for the further prosecution of the work in a less 

expensive manner. I have not succeeded in having this 

paper produced, nor the one of which it was a revision; the 

data which I now have are too scanty and fragmentary to 

enable me to rewrite it, even if I had the time to give to it. 

I have lately, however, at great inconvenience to myself, 

gone over everything relative to the San Francisco tides 

accessible to me. There is, in my opinion, a second term 

of the latitude-variation tide, with double speed and half 

period, and with a range about half that of the first term, 

but the use of the records of the tidal division would be 

necessary to enable me to determine its period without 

ambiguity. It may also be remarked that the ordinates of 

the 440-day distribution at San Francisco can be easily 

thrown into three consecutive twelve-year periods and super¬ 

posed, with a view to bringing out a tide corresponding to 

the twelve-year term of the latitude-variation discovered by 
Dr. Chandler. 

The revised results follow. The epochs are given for the 

corresponding date, which is the mean local civil date of 

the middle of the series treated. The Julian dates are local 

astronomical. All these dates, with the other quantities, are 

given with greater precision than the nature of the results, 

if they were to stand alone, would warrant; but they are for 

comparison with other results. The San Francisco mareo- 
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graph station is still running, and another section can be 

very soon added there. The Governors Island, Sandy Hook, 

and Fort Hamilton series can be treated as a single series 

nearly half a century long, and doubtless many more will 

be reduced both in this and in foreign countries. Since the 

non-rigidity of the earth is not known, the divergence of 

the axes of rotation and figure have been computed, on the 

supposition that the earth is rigid, for comparison with the 

results from astronomical observations. In this way we 

may come to have a measure of the non-rigidity. 

Recapitulation. 

Revised Results at San Francisco, California. 

Mean position of stations {longitude! 122“ 28''.4. 

427-day distri¬ 
bution. 

440-day distri¬ 
bution. 

456-day distri¬ 
bution. 

Date. Aug. 18, 1873 July 25, 1872 Dec. 22, 1871 

d. d. d. d. d. d. 
Period. 437.6 dr 2.3 437.0 dr 1.0 437.7 dr 2.0 

ft- ft- ft. ft. ft. ft. 

«i. 0.051 dr 0.007 0.056 dr 0.007 0.063 dr 0.008 

h. 207° dr 15° 173° db 7° 349° dr 14° 

reduced to mean date.. 120° d- 15° 125° dr 7° 124° dr 14° 

Giving these three distributions of substantially the same 

data equal weights, and taking for the probable error of the 

mean simply the mean of the probable errors, as not too 

great, we obtain 

Civil date = September 21, 1872. 

Julian date = 2405058 

Period = 437?4 ± L8 
ft. in. mm. 

ax = 0.057 = 0.68 = 17.4 = 0".17 
zb 7 zb 8 zb 2.1 zb 2 

e1 = 123° zb 12° , 
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and may write the latitude-variation tide at San Francisco 

mm. 

17.41 f 360° , / 123°\ 1 
±2.11 C0Si 437.4 ±1.8 (±12 ) }’ 

t reckoned in days from September 21, 1872. 

Minimum, 1872, July 14 zb 15. 
Maximum, 1873, February 18 zb 15. 

Preliminary Results at Pulpit Harbor, Maine. 

t) rn _+n+. _ f latitude, 44° 09'. 
Position of station j longitude) 68o 63,_ 

Civil date — February 3, 1879 

Julian date = 2407384 

d. d. 

Period = 424.9 ± 2.2 

ft. in. mm. 

a1 = 0.041 = 0.49 = 12.5 = 0".12 
zb 10 zb 12 ±3.0 zb 3 

= 41° zb 8°, 

and the tide may be written 

mm. 

12.51 _ f 360 / 41°\ ) 
± 3.0 j ‘ \ 424.9 ±2.24 _ (±8 ) }’ 

t reckoned in days from February 3, 1879. 

Minimum, 1878, August 24 ± 10. 
Maximum, 1879, March 24 zb 10. 

Combination of the Results at San Francisco and Pulpit 

Harbor. 

In combining the results I give the two stations the same 

weight. The great source of error at both stations was varia¬ 

tions in the altitude of the tide-staff zero, the amount of 

17—Bull. Phil. Soc., Wash., Vol. 13. 
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which was not determined by levelings to bench-marks; 

and the longer series was the more defective in this respect. 

There may be local peculiarities affecting the mean range 

of this tide on an earth not absolutely rigid, but it is incon¬ 

ceivable that the period should differ from station to station. 

Comparing the longitudes, dates, and epochs, a period of 

d. d. 

432.6 ± 3.2 

would make the waves identical, a very gratifying result, 

and one to which some weight might be given ; but it suffices 

to take the simple mean of the periods determined from the 

independent series, which is much the stronger value, and 

write 
d d 

Period = 431 zb 4 

where the probable error is doubtless a very fair measure of 

the precision of the determination. If we neglect any possi¬ 

ble local influence upon the range, and a here insensible 

difference due to difference of latitude, we may take the 

mean and write for both stations the half range as 

ft. in. mm. 

av = 0.049 = 0.59 = 15 = O'. 144 
± 6 ±7 ±2 ±18 

and this, considering the character of the observations, seems 

a just conclusion from the data. Hence, neglecting an im¬ 

material adjustment of the epochs, we may write for the first 

term of the latitude-variation tide, as deduced from tidal 

observations at these two stations, the following values: 

SAN FRANCISCO. 

mm. 

151 _ ( 360° , ( 123°\ 1 
±2} cos { 431^4 t~{± 12 ) } 

t reckoned in days from September 21, 1872. 

Minimum, 1872, July 15 ± 15. 
Maximum, 1873, February 15 ± 15. 
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PULPIT HARBOR. 

mm. 

t reckoned in days from February 3, 1879. 

Minimum, 1878, August 22 ± 10. 
Maximum, 1879, March 25 ± 10. 

Comparison with Other Results. 

In the United States Coast and Geodetic Survey Bulletin 

No. 32, page 112, the corresponding term in the latitude- 

variation, as derived from elaborate zenith telescope observa¬ 

tions made at San Francisco for the purpose of determining 

that variation, is 

t reckoned from January 0,1891. Comparing this with the 

result from the tidal observations at San Francisco, we 

obtain a period of 
d. 

427.8. 

The interval between dates is over 18 years; hence this 

value of the period is entitled to great weight. The diver¬ 

gence of the axes is seen to be identical with that derived 

from the tidal observations at the same station. 

In No. 3261 of the Astronomische Nachrichten, Dr. Bak- 

huyzen gives the results of his search for the latitude-varia¬ 

tion tide, using the tidal observations for the 38 years 1855 

to 1892, inclusive, from a mareograph at Helder, about 40 

English miles north-northwest of Amsterdam. The series 

covers practically the same years as that at San Francisco, 

and hence the results should be directly comparable without 

sensible error arising either from variability of the period 
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of the tide or from excess or deficiency in its computed 

value. Dr. Bakhuyzen finds for the half range 

mm. 

ax = 8.2; 

and he reduces the tide to Berlin and gives the Julian date 

of maximum latitude as derived therefrom, and also as de¬ 

rived from astronomical observations. Turning the San 

Francisco tide forward to Berlin we have: 

Julian Date of Maximum Latitude of Berlin. 

Julian date. 

Bakhuyzen, from astronomical observations.... 2405141 
“ from Helder tides... 201 

Christie, from San Francisco tides .... 153 ± 16, 

a reasonably satisfactory accord. 



ALASKA AS IT WAS AND IS: 

1865-1895. 

BY 

William Healey Dall. 

[The annual presidential address, delivered before the Philosophical 
Society of Washington, December 6, 1895.] 

In 1864 the apparent hopelessness of the attempts to 

establish a workable transatlantic telegraph cable led those 

interested in telegraphic communication with Europe to 

consider other means of attaining that end. It was thought 

that a short cable across Bering strait might be made to 

work, and no doubt was entertained of the possibility of 

maintaining the enormously extended land lines which 

should connect the ends of this cable with the systems 

already in operation in Europe and the United States. A 

company was formed for this purpose, and an expedition to 

undertake the explorations necessary to determine the route 

was organized. The cooperation of the Russian aud Ameri¬ 

can governments w’as secured and the necessary funds sub¬ 

scribed. Searching for properly qualified explorers, the 

promoters of the enterprise consulted the Smithsonian Insti¬ 

tution and were brought into communication with Robert 

Kennicott, of Chicago, a young and enthusiastic naturalist, 

who had already made some remarkable journeys in the 

Hudson Bay territories in the interest of science. His ex¬ 

plorations had taken him to the most remote of the Hudson 

Bay posts—Fort Yukon, on the river of the same name— 

regardless of every kind of hardship, privation, and isola¬ 

tion. His ardor was so contagious that before returning to 

civilization he had communicated it to almost every one of 

18—Bull. Phil. Soe., Wash., Vol. 13. (123) 
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the hard-headed fur traders in that remote and inhospitable 

region, and for years afterward bird skins, eggs, ethnological 

specimens, and collections in every branch of natural his¬ 

tory poured from the frozen north into the Smithsonian 

Museum by hundreds and thousands. 

When Ken-nicott, after traveling for months on snow- 

shoes, sledges, or bateaux, stood at last on the steep bluff at 

Fort Yukon, he saw the yellow flood of the great river surg¬ 

ing by the most remote outpost of civilization and disap¬ 

pearing to the westward in a vast and unknown region. 

An uninhabited gap of hundreds of miles lay between him 

and the nearest known native settlement to the west. Far 

in the north the midnight sun lighted up the snowy peaks 

of the Romanzoff mountains, whose further slope it was be¬ 

lieved gave on the Polar sea. No one knew where the 

Yukon met the ocean. On most maps of that day a large 

river called the Colvile, found by Simpson on the Arctic 

coast as he journeyed toward Point Barrow, was indicated 

as the outlet of the Yukon watershed. South of the Roman- 

zoff mountains for an unknown distance vast tundras, 

scantily wooded with larch and spruce, the breeding grounds 

of multitudes of water fowl, intersected by many streams, 

but level as a prairie, extended to the west. 

The native population of this region, as far as known, 

had always been scanty, and an epidemic of scarlet fever, 

introduced some years before through contact with other 

tribes trading to the coast, had swept them absolutely out of 

existence. Not an individual was left, and the nomadic 

natives who reached Fort Yukon from the east and south¬ 

east hesitated to approach the hunting grounds, where the 

mysterious pestilence might linger still. 

Obliged to terminate his explorations here, Kennicott 

returned, after months of weary travel, to the United States, 

but cherished the hope of some day penetrating the terra 

incognita on whose borders he had been obliged to pause 

and turn away. The dream of his life was thereafter the 

exploration of Russian America, the discovery of its fauna, 



ALASKA AS IT WAS AND IS. 125 

and the determination of its relations to the fauna of Siberia 

and Japan. The group of young zoologists which gathered 

about him at the Chicago Academy of Sciences, an institu¬ 

tion of which Kennicott was practically the creator, was 

frequently roused to enthusiasm by impromptu lectures on 

the problems to be solved, the specimens to be collected, and 

the adventures to be anticipated in that virgin territory. 

The need of the telegraph company for one familiar with 

life and conditions in the north brought him the long sought 

opportunity, and he undertook to lead the exploration, pro¬ 

vided he was permitted to utilize it for science to the fullest 

extent commensurate with the attainment of the objects of 

the expedition. He stipulated that he should be permitted 

to select a party of six persons who should be qualified to 

make scientific observations and collections in the intervals 

of other work, but who should hold themselves ready to do 

any work required by the promoters of the enterprise, even 

to digging post-holes for the line if called upon. 

His terms were accepted, and the scientific corps of the 

expedition organized and started for San Francisco. Here 

two of the members were detailed to join the part}' engaged 

in exploring the route through British Columbia; the others, 

of whom the speaker was one, accompanied Kennicott to the 

north. 

In July, 1865, the expedition entered the bay of Sitka and 

our acquaintance with Russian America began. 

Sitka was then a stockaded towm of about 2000 inhab¬ 

itants, with a village of more than 1500 Indians outside 

the walls. The settlement contained a Greek church, a 

Lutheran chapel, shipyards, warehouses, barracks, a club¬ 

house for the officers, a sawmill, a foundry where brass, 

copper, and iron castings of moderate size were made, beside 

numerous dwellings. All the buildings were log structures, 

their outer walls washed with yellowT ochre, the roofs chiefly 

of metal painted red. High above the rest, on an elevated 

rock, rose a large building, in wThich the governor of the 

Russian colonies had his residence. This, known to visitors 
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as the “ castle,” was built of squared logs, with two stories and 

a cupola and was defended by a battery. The warm colors 

of the buildings, above which rose the pale green spire and 

bulbous domes of the Greek church, seen against steep, snow- 

tipped mountains densely clothed with sombre forests of 

spruce, produced a picturesque effect unique among Ameri¬ 

can settlements. 

Outside the walls, along the beach, was a long row of large 

Indian houses, low and wide, without windows, built of im¬ 

mense planks painfully hewn out of single logs with stone 

adzes, whose marks could still be distinctly seen. They were 

entered by small, low doors, rounded above, so that he wTho 

came in must bend to an attitude ill suited to defense. The 

front of each house was painted with totemic emblems in red 

ochre. Their dimensions were sometimes as much as 40 by 

60 feet, and the area within formed one large room* with the 

rafters visible overhead, the middle portion floored only with 

bare earth, on which the fire was built, the smoke escaping 

through a large square hole in the roof. On either side were 

raised platforms with small partitioned retreats like state¬ 

rooms, each sheltering a single family. As many as one 

hundred people sometimes dwelt in one of these houses. The 

only ornaments were totemic carvings, generally against the 

wall opposite the entrance; overhead hung nets, lines, and 

other personal property drying in the smoke along with strips 

of meat or fish and fir branches covered with the spawn of 

herring. 

On the bank, which rose behind the houses, densely cov¬ 

ered with herbage of a vivid green, were seen curious box¬ 

like tombs, often painted in gay colors or ornamented with 

totemic carvings or wooden effigies. These tombs sheltered 

the ashes of their cremated dead. On the beach in front of 

the houses lay numerous canoes whose graceful shape and 

admirable workmanship extorted praises from the earliest 

as well as the later explorers of the coast. When not in 

use these were always sheltered from the sun by branches of 

spruce and hemlock or tarpaulins of refuse skins. Among 
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the canoes innumerable wolfish dogs snarled, fought, or 

played the scavenger. 

The natives still retained to some extent their original 

style of dress, modified now and then by a Russian kerchief 

or a woolen shirt. As a rule, they were barefooted, stolid, 

sturdy, uncompromising savages, who looked upon the white 

man with a defiance but slightly tempered by fear and a 

desire to trade. The mission church of that day was built 

into the stockade, with doors entering it both from the In¬ 

dian and the Russian town. When services were held the 

outer door was opened, the town door closed and stoutly 

barred. Once these fierce clansmen had endeavored to rush 

into and take the settlement when the door leading inward 

had been left unfastened. From the time when the first 

white men to touch these shores, Chirikoff’s boat’s crew in 

1741, were without provocation massacred, these natives 

had not failed to maintain their reputation for courage, 

greed, treachery, and intelligence. 

These conditions outside the settlement necessitated a 

military discipline within it. Sentries regularly paced the 

walks by day and night, the sullen Indians were systematic¬ 

ally watched, and the little batteries kept in readiness for use. 

The needs of the business of the company made Sitka a 

lively manufacturing town, in spite of the multitudinous 

Russian holidays. Society there was like a bit of old Russia, 

with the manners, vices, and sturdy qualities of sailor, peas¬ 

ant, and courtier fully exemplified within its narrow limits. 

A fishery at Deep lake, a few miles away, furnished fresh 

salmon in abundance, which was freely distributed to all 

comers twice or thrice a week during the season. The com¬ 

pany furnished each employe with certain stated rations of 

flour, sugar, tea, etc., at fixed prices; the harbor, within a 

few yards of the stockade, contained abundance of seafish, 

and the Indians’ price for a deer, skinned and dressed, was a 

silver dollar or a glass of vodka. The primeval forest came 

close to the town ; the demand for firewood and timber had 

made little impression upon it. White settlements in the 
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Alexander archipelago were confined to a few small fortified 

trading posts. Fort Wrangell and Fort Tongass alone could 

be regarded as approximately permanent. The parties sent 

out to trade or hunt worked from a temporary camp or an 

armed vessel as a base, and, owing to the ill-feeling which 

existed between the natives and Russians, smuggling and 

illicit trading were rife. Missionary effort did not exist out¬ 

side of Sitka, and even there amounted to little more than 

the bribery of some greedy savage to perform for a consid¬ 

eration some rites which he did not understand. 

The law of Russia which prevented a permanent severance 

of a subject from his native soil (except for crime) operated 

to encourage temporary unions of the company’s servants 

with native women. Marriages were not allowed between 

full-blooded Russians and natives, as at the expiration of his 

term of service the Russian must return to his own parish 

in Russia, and the native could not be carried away from the 

place of her nativity. After the transfer of Alaska to the 

United States many of these Russians elected to remain in 

the country and were married to the mothers of their chil¬ 

dren ; but at the time of our first visit the most surprising 

social fact to us was the perfect equality which appeared to 

subsist between these irregular partners and the married 

women who had come from Russia. So far as we could per¬ 

ceive, both classes behaved with equal propriety and were 

treated with equal respect by the community, and the only 

restriction which the authorities insisted upon was that no 

Russian should take to himself a partner who had not been 

duly baptized. The issue of these unions, being of Alaskan 

birth, were free to marry in the country, and writh their de¬ 

scendants constituted the class to which the Russians gave 

the name of “Creoles.” Some of them rose to eminence in 

the service, and one at least became governor of the colonies. 

At the time of our visit the business of the colony was ex¬ 

clusively the development of the fur trade. Agriculture was 

confined to a trifling amount of gardening very imperfectly 

performed. The fisheries were utilized only to supply food 



ALASKA AS IT WAS AND IS. 129 

for the people in the compam^’s employ, or to insure sub¬ 

sistence for the natives whose time was devoted to hunting 

the sea otter or preparing skins for the authorities. The fur 

trade of southeastern Alaska was not very productive. The 

natives were disposed to trade with the Hudson Bay Com¬ 

pany or illicit traders rather than with the Russians, partly 

because they obtained better prices for their skins and partly 

because the Russians refused to trade intoxicating liquors, 

while the outsiders were not troubled with any scruples in 

such matters. The furs were divided by the Russians into 

two classes—the precious furs, such as the fox, sea otter, and 

sable, which were strictly reserved for the company, a certain 

proportion being imperial perquisites of the Russian court, 

and the cheaper sorts, which might be used by the com¬ 

pany’s employes for winter clothing, and were sold at a fixed 

price to them for this purpose. This included the muskrat, 

mink, Parry’s marmot or ivrashka, the fur seal, and some 

others. Dry skins of the fur seal were sold at the company’s 

warehouse for 12J cents apiece, the modern plucking and 

dyeing of the fur, invented by an American, Raymond, of 

Albany, not having reached a perfection sufficient to attract 

the fashionable world. 

The European trading goods and supplies were mainly 

brought by ship from Hamburg, the same vessel taking the 

annual load of skins to China, where an exchange was made 

for tea and silk, which were carried back to Europe. Flour 

was imported latterly from California and some goods were 

brought from Aian and other ports on the Okhotsk sea in 

the early days of the business, but in 1865 this trade had 

come to a standstill or nearly so. In mineral resources al¬ 

most nothing was done ; a little coal was taken out at Cook’s 

inlet for local uses, and the exportation of ice from Kadiak 

to California was carried on under a lease by an American 

company. The presence of gold, iron, and graphite was 

known to the authorities, but prospecting was not encour¬ 

aged, as it was supposed the development of mineral re¬ 

sources might react unfavorably on the fur trade. 



130 DALL. 

The first codfisherman visited the Shumagin islands in 

1865. The whale fishery was wholly in the hands of Ameri¬ 

cans and other foreigners, uncontrolled by the Russians, and 

the timber was used only for local purposes. 

The main business of the company was done at its conti¬ 

nental trading posts in the northern part of the territory 

and in the Aleutian chain; its authority in the territory 

was as absolute as the presence of the uncivilized tribes would 

admit. Under the guns of the trading posts the company 

was master; out of their range every man was a law unto 

himself. 

After transacting its business at Sitka the expedition 

touched at the island of Unga to examine a coal mine, at 

Unalashka, the Pribiloff islands, and at Saint Michael’s, Nor¬ 

ton sound, where Kennicott and the explorers for the Yukon 

were landed. The speaker was put in charge of the scien¬ 

tific work of the expedition and remained with the fleet, 

visiting Bering strait, where landing places for the cable 

were searched for; and Petropavlovsk, the capital of Kam¬ 

chatka, where the Siberian parties were provided for; and 

then the vessels returned to San Francisco. 

The following year, on returning to Saint Michael’s, we 

were met by the news of Kennicott’s death from heart disease, 

brought on by over-exertion and anxiety. The Yukon ex¬ 

ploration was still incomplete, though information received 

made it certain that the Kwikhpak of the Russians and the 

Yukon and Pelly of the English were one and the same 

river. It remained to emphasize this information by a con¬ 

tinuous exploration which should cover the unmapped por¬ 

tion of this mighty stream. The scientific work in zoology 

projected by Kennicott had been left by his premature death 

unrealized. The speaker determined to carry out these plans 

and was authorized to remain in the country for that pur¬ 

pose. 

As soon as sufficient snow had fallen to render sledging 

practicable a portage from Norton sound to the Yukon river 

was traversed, a small boat transported on a sledge for use 



ALASKA AS IT WAS AND IS. 131 

during the following summer, and the Yukon ascended on 

the ice to the trading post at Nulato, a distance of some three 

hundred miles. Here the party of five wintered and in 

March divided into two parts—one, under Frank Ketchum, 

taking sledges with the intention of traversing the unknown 

region on the ice and after reaching Fort Yukon to ascend 

further in canoes; the other to await the break-up of the ice 

in May and follow in the skin canoe, so as to rescue the first 

party should they have failed to carry out their plans. Both 

projects were successfully carried out and the two parties re¬ 

united at Fort Yukon on the 29th of June, 1867. They 

returned by the whole length of the river and reached Saint 

Michael’s on the 25th of July. Here astonishing news 

awaited us: The Atlantic cable was a triumphant success, 

the United States were in negotiation for the purchase of 

Russian America, our costly enterprise was abandoned, and 

all hands were to take ship for California. 

The collections and' observations had been but half com¬ 

pleted. The natural history of the Upper Yukon and the 

borders of Norton sound had been pretty well examined, 

but the vast delta of the Yukon, with its wonderful fauna 

of fishes and water birds, its almost unknown native tribes 

and geographic features, remained practically untouched. 

I immediately determined to remain and devote the follow¬ 

ing year to the unfinished work. An arrangement with 

the Russians was made and this plan carried out. In the 

autumn of 1868 I left Norton sound for California on a 

trading vessel and returned to civilization. 

At the time our explorations of the Yukon began this 

immense region was occupied by two or three thousand In¬ 

dians, many of whom had never seen a white man. The 

Russian establishments on the Yukon were only three in 

number, hundreds of miles apart, and chiefly manned by 

Creole servants of the company, not over a dozen at each 

post. An inefficient priest, with a few alleged converts, con¬ 

ducted as a mission of the Greek church the only religious 

establishment in the whole Yukon valley. The industries of 
19-Bull. Phil. Soc., Wash., Vol. 13. 
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the region comprised trapping, hunting, and fishing; the first 

for revenue, the others for subsistence. The means of navi¬ 

gation were birch-bark canoes and small skin-boats. Once 

a year the clumsy barkass of the Russians, loaded with tea, 

flour, and trading goods, was laboriously forced upstream 

to the Nulato post, returning with a load of furs. The tribes 

of Eskimo extraction occupied the lower river banks from 

the sea to the Shageluk slough, above which they were re¬ 

placed by Indians of the Tinneh stock. These were to be 

found in scattered villages at various points on the river or 

its tributaries, where the abundance of fish offered means of 

subsistence. The extreme limit of population was to be 

found at the junction with the Yukon of the large river 

Tanana, where the island of Nuklukayet was recognized as 

neutral ground, where delegations from all the tribes met in 

the spring for their annual market of furs. Here our party 

had the interesting experience of meeting the delegation of 

Tanana Indians in full native costume of pointed shirts and 

trousers of dressed deerskin adorned with black and white 

beads, the nasal septum pierced to carry an ornament of 

dentalium shell, their long ham formed into a bundle of 

locks, stiff with tallow, wound with beads, dusted wfith pow¬ 

dered hematite and the chopped down of swans. The ranks 

of frail birch canoes were accurately aligned, and their pad¬ 

dles rose and fell with military precision. When they 

rounded the point of the island and approached the beach, 

where stood the first white men they had ever seen, they 

were met by a complimentary salvo from the guns of the 

Indians already on shore, and responded by wild yells and 

graceful waving of their paddles. 

The waters of the Tanana had never known an explorer 

and its geography was wholly unknown. Never again will 

it be possible for an ethnologist to see upon the Yukon such 

a body of absolutely primitive Indians untarnished by the 

least breath of civilization. 
Above Nuklukayet the Yukon enters a canon, known as the 

Lower Ramparts, above which the depopulated area already 
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alluded to extends to the site of Fort Yukon, near the British 

boundary on the Arctic circle. 

The noble stream I have described extends, including 

windings, about 1,600 miles from Fort Yukon to the sea. 

The valley' is sometimes wide' and low, sometimes narrow 

and contracted by low, wooded mountains. Everywhere 

until the delta is approached the banks are wooded. There 

are many tributaries, none of which were then explored, and 

on either side of the main artery the land stretched unex¬ 

plored for hundreds of miles. Not another person speaking 

, any European tongue except the Russian was resident in all 

this territory during the second year of my sojourn. Outside 

of the three trading posts, not a native had ever bought a 

pound of flour or an ounce of tea. The use of woolen cloth¬ 

ing had hardly begun,and soap was a rare and costly luxury. 

I made the first candles ever molded on the Yukon, and 

but for the lack of hardwood ashes to furnish alkali would 

have tried my hand at soap. People lived on game and 

fish. The caribou was plentiful in the absence of rifles; the 

moose was not yet exterminated; the warm days of spring 

brought incalculable multitudes of ducks and geese, to say 

nothing of other water fowl; the Arctic rabbit and the ptar¬ 

migan were a constant resource, and the rivers and lakes in 

many places teemed with fish. Clothing was made of deer¬ 

skin and sewed with sinew; the ornaments were fringes from 

the gray wolf or wolverine. Undergarments were occasion¬ 

ally made of cotton bought from the traders, but more 

usually from the skins of fawns. At one village during the 

season for taking them I saw 4300 fawn skins hanging up 

to dry. Such reckless destruction has since borne its natural 

fruit. It was only at certain localities even then that deer 

were plentiful. The main staple of subsistence was fish. 

During the summer the river was studded with traps for 

salmon; in winter the traps were set in the ice, and under 

favorable conditions furnished a steady supply of white-fish, 

burbot, pike, grayling, and the great red sucker. The salmon 

were cleaned, split into three parts connected at the tail, 
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and dried in the open air by millions; they furnished food 

for man and dog, and when well cured were not unpalatable. 

Vegetable food was almost unknown, except in the form of 

berries. The green flower stalks of Rumex and Archangelica 

were occasionally eaten, and the dwellers by the sea some¬ 

times gathered dulse, but for practical purposes the diet was 

meat and fish. 

It was known that gold existed in the sands of the river, 

but the inexperienced fur traders looked for it in the bars 

of the main river and not in the side canons of small streams, 

where it has since been found in such abundance. The real 

riches of the Yukon valley then lay in its furs. In a 

garret at Fort Yukon the post trader showed me with par. 

donable pride 300 silver fox skins of the first quality. Beau¬ 

tiful in themselves and for what they represented—gold, 

praises, and promotion in the service—one might almost 

forget that some of the company’s servants at this post had 

not tasted bread or butter, sugar or tea for seven long years. 

The region of the delta was and is still remarkable as 

being the breeding place of myriads of water fowl, some of 

which are peculiar to the Alaskan region. Nearly one hun¬ 

dred species gather there, and one of them comes all the 

way from north Australia, by the coasts of China and Japan, 

to lay its eggs and rear its young in the Yukon delta. It 

is also remarkable for the abundance of the great king 

salmon, sometimes reaching a weight of 130 pounds, a fish 

less plentiful further up and which does not ascend to the 

headwaters of the river. 

All this immense territory has since been penetrated by 

traders and prospectors. Stern-wheel steamers have defied 

the current, and ply regularly on the river during the sea¬ 

son of open water. Mission schools are numerous and rein¬ 

deer scarce. The fur trade wanes, while many thousands of 

dollars in gold dust have been laboriously extracted from 

the gravels. The natives buy tea and flour and dress in 

woolen clothing. With the miners whisky has reached the 

wilderness, and the sound of the American language is 
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heard in the land. Tame reindeer have been imported from 

Siberia with a view to their domestication by the Eskimo 

of the Arctic coast, who are on the verge of starvation at 

frequent intervals, owing to the destruction of their food 

supply by the whalers and walrus-hunters and the intro¬ 

duction of Winchester rifles for killing the wild deer. With 

the alternative of starvation as a stimulus, the chances of 

success ought to be good. 

In carrying out the plans which Kennicott had medi¬ 

tated, but which death had stayed, I had succeeded in gath¬ 

ering rather abundant material for my friends, the orni¬ 

thologists, botanists, ethnologists, and so on, but to do it I had 

to put aside the work in the department in which I person¬ 

ally was most interested. The shores of Norton sound and 

the tundra of the Yukon valley offered little in the way of 

mollusks or other invertebrates. The desire to extend our 

knowledge of the geographical distribution of the sea fauna 

led me to propose a further exploration of the coasts of the 

territory, especially of the Aleutian chain, under the aus¬ 

pices of the United States Coast Survey. A geographical 

reconnaissance was undertaken and carried on during five 

years, investigating magnetism and hydrology, making 

charts, tidal observations, meteorological and hypsometric 

notes. In all this I was ably seconded by my companions, 

Mark W. Harrington and Marcus Baker, who need no in¬ 

troduction to this audience. At the same time and without 

interfering with the regular work the dredge was kept con¬ 

stantly busy, and on my return from field-work the material 

for the studies I had so long looked forward to was actually 

gathered. 

The region which includes the Aleutian chain and other 

islands west of Kadiak presents a striking contrast to the 

densely wooded mountains and shining glaciers of the Sit- 

kan region to the east and the rolling tundra cut by myriad 

rivers in the north. Approached by sea, the Aleutian islands 

seem gloomy and inhospitable. Omnipresent fog wreaths 

hang about steep cliffs of dark volcanic rock. An angry 
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surf vibrates to and fro amid outstanding pinnacles, where 

innumerable sea birds wheel and cry. The angular hills 

and long slopes of talus are not softened by any arborescent 

veil. The infrequent villages nestle behind sheltering bluffs, 

and are rarely visible from without the harbors. In winter 

all the heights are wrapped in snow, and storms of terrific 

violence drive commerce from the sea about them. 

Once pass within the harbors during summer and the repel¬ 

lent features of the landscape seem to vanish. The moun¬ 

tain sides are clothed with soft yet vivid green and brilliant 

with man}7 flowers. The perfume of the spring blossoms is 

often heavy on the air. The lowlands are shoulder high with 

herbage, and the total absence of trees gives to the land¬ 

scape an individuality all its own. No more fascinating 

prospect do I know than a view of the harbor of Unalashka 

from a hilltop on a sunny day, with the curiously irregular, 

verdant islands set in a sea of celestial blue, the shorelines 

marked by creamy surf, the ravines by brooks and water¬ 

falls, the occasional depressions by small lakes shining in 

the sun. 

The sea abounds with fish; the offshore rocks are the re¬ 

sort of sea-lions and formerly of sea-otters; the streams afford 

the trout-fisher abundant sport, and about their mouths the 

red salmon leap and play. In October the hillsides offer 

store of berries, and in all this land there is not a poisonous 

reptile or dangerous wild animal of any sort. 

The inhabitants of these islands are an interesting and 

peculiar race. Their characteristics have been well de¬ 

scribed by Veniaminoff, who knew and loved them. By the 

testimony of their language, physique, and culture they are 

shown to be a branch of the Eskimo stock, driven from the 

continent, as the shell-heaps reveal, at a very ancient date 

and isolated since from contact with any other native race, 

specialized and developed by their peculiar environment to 

a remarkable degree. Conquered by the Russian hunters of 

the eighteenth century, practically enslaved for a century, 

their ancient religion frankly abandoned for the rites of the 
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Greek church, an apathetic reticence replaced the rollicking 

good nature characteristic of the Eskimo people. In 1865 

they were supported by the company; the men shipped off 

in hunting parties in search of the sea-otter were separated 

from their families sometimes for many months and re¬ 

warded according to their success; but, while the company 

provided food for all who needed it, the time of the Aleut 

was not his own. I have already mentioned that the fur- 

seal at that time had very little commercial value. The 

fishery on the Pribiloff islands was conducted by Aleuts 

under supervision, and the skins were mostly shipped to 

China or Europe. It has been noted as surprising that the 

value of the fur-seal fishery is so little referred to in the argu¬ 

ments urging the acquisition of the territory in 1867. This 

was not an oversight; the seal fisheries at that time were 

not especially lucrative, and the millions which the industry 

has since produced could not have been predicted in 1867. 

At the time of my first visit and until very recently the 

sole productive industry of the Aleut people consisted in the 

sea-otter hunting and the fur-seal fishery. Much of their 

subsistence was and is obtained from the natural products 

of the region—fish, wild fowl, and the flesh of marine mam¬ 

mals. The custom of preparing clothing from the skins of 

birds and animals has long been abandoned. The Aleut and 

his family now dress in clothing of wool or cotton, burn 

kerosene in an American lamp, and cook their food on an 

iron stove. The barabora or native hut, built of sod and 

stones, has been generally replaced by a frame cottage, and 

the means for supplying these artificial wants has been ob¬ 

tained from the income derived from the seal and sea-otter. 

Now that these animals are approaching extinction, at least 

from a commercial standpoint, the question of how to pro¬ 

vide even the modest income needed for these people is a 

serious one. While it is not yet settled that the half-starved 

Eskimo of the northern coast will adopt the new mode of 

life necessitated by the care and maintenance of large herds 

of tame reindeer, and the success of that experiment is still 
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questionable, there is no doubt in my mind that the intro¬ 

duction of the deer into the Aleutian chain is not only per¬ 

fectly practicable, but that it offers the only solution of the 

problem of providing for the Aleuts which seems to possess 

the elements necessary for success. There are no predacious 

animals to molest the deer, like the wolves of the mainland; 

there is an abundant supply of forage, and the climate and 

conditions are those that the animal is known to thrive in. 

A herd introduced a few years ago into Bering island, on 

the Russian coast, and simply let alone and protected from 

dogs, has increased very much in number and will soon 

afford skins and tallow for export. There is no obvious rea¬ 

son why on most of the Aleutian islands equally good re¬ 

sults should not be obtained. Some few deer were intro¬ 

duced upon the island of Amaknak, in the bay of Unalashka, 

a few years since, but they were the property of whites, not 

natives, were not protected from the numerous dogs of an 

adjacent settlement, and have not thriven. 

When the time comes, and it seems not far away, when 

the natives realize that they must depend on the deer to re¬ 

place the vanishing fur animals as a source of income, and 

when they can acquire property in deer, I believe the result 

will be all that could be wished. 

In closing this summary of early conditions in the Terri¬ 

tory and of the events which enabled them to be observed, 

it may not be out of place to summarize also th*e results of 

the scientific work of those years. Of course, only the more 

important points can be alluded to. As the Western Union 

Telegraph Expedition ended by a withdrawal from the 

country, and was the occasion of a large expenditure of 

money with no return to its promoters, no general report 

was ever officially prepared, and the work of the scientific 

corps was made known piecemeal in various technical jour¬ 

nals. The published results were associated in the minds of 

students with the individual authors rather than with the 

expedition as a whole. The subsequent work under the 

auspices of the Coast Survey, which in fact grew out of the 
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work done or attempted in the earlier exploration, has been, 

so far as it was geographical, regarded very naturally as in¬ 

cidental to the usual work of that bureau, and so far as it 

has been of other sorts has not been connected in the public 

mind with any organization in particular. The fact that 

the Revenue Marine, the Army and Navy, the Signal Serv¬ 

ice, and several unofficial organizations or individuals have 

carried out praiseworthy explorations with most excellent 

results has led to the further obscuration of the earlier work 

as a connected whole. I believe no one of those engaged in 

it has yet attempted to enumerate the results, either general 

or scientific, directly or indirectly consequent upon the expe¬ 

dition. The present summary may therefore serve a useful 

purpose. 

The most important result which indirectly came about 

from the explorations by our parties was the acquisition of 

Alaska by the United {States. While the transfer might have 

been proposed and the question discussed if there never had 

been any Telegraph expedition, yet I believe, in view of the 

opposition which existed in Congress and the cheap ridicule 

of part of the daily press, that if it had not been for the in¬ 

terest excited by the expedition and the information which 

its members were able to furnish to the friends of the pur¬ 

chase the proposition would have failed to win approval. 

But, leaving such questions apart and considering merely 

the scientific results, the expedition made weighty additions 

to geographical knowledge. To it we owe the first mapping 

of the Yukon from actual exploration, adding to the list of 

American rivers one of the largest known. Old maps of 

North America made the Rocky mountains extend in nearly 

a straight line northward to the Polar sea. Our explora¬ 

tions showed that the mountains curved to the westward, 

leaving a gap to the northward through which the Canadian 

fauna reached to the shores of the Pacific and Bering sea. 

The general faunal distribution of life at this end of the con¬ 

tinent in its broader sense was settled then and there. A 

general knowledge of the country, till then practically un- 

20—Bull. Phil. Soc., Wash., Vol. 13. 
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known except to a few fur traders, was obtained and made 

public. To the Coast Survey work of 1871-74 we owe some 

forty charts, a large proportion of which are of harbors or 

passages,;never previously surveyed. In preparing a Coast 

Pilot of southeastern Alaska, wThile that part of it useful to 

navigators was in the nature of things rapidly superseded, 

yet the work, being conscientious and thorough in the 

matter of names, practically settled the geographic nomen¬ 

clature of that region for all time. The myth of a branch of 

the Kuro Si wo or Japanese warm current running north 

through Bering sea and strait and producing open water in 

the Polar sea still lingers in some dark corners of geographic 

literature; but our researches, covering actual observation, 

the whole literature, and scores of old manuscript logbooks, 

conclusively show that there is no such current as that 

referred to, and that the currents which do exist have no 

connection whatever with the Japanese stream. Meteoro¬ 

logical observations were kept up in all those years, and 

afterward a complete synopsis of all the recorded meteoro¬ 

logical data for that region was prepared and issued by the 

Coast Survey with abundant illustrations. One of the re¬ 

sults of the magnetic observations made by our party, in the 

endeavor to correct the discrepancies between the variation 

of the compass needle as shown on the charts of Bering sea 

and strait and those observed by present navigators, was the 

discovery that the needle had reached its easternmost elon¬ 

gation and had for some time been receding in the amount 

of its variation. In gathering confirmatory data during 

1874 and 1880 more than forty stations in all parts of the 

territory were occupied. As in the case of the meteorology, 

the literature and all practicable sources were ransacked 

for magnetic records,* and these, with our own observations, 

were utilized in the excellent discussions of Alaskan mag¬ 

netism by Dr. C. A. Schott. 

In geology we were tutored before sailing in 1865 by Pro¬ 

fessor Agassiz and carried with us a written schedule of ob- 

* This work was almost entirely done by Mr. Marcus Baker. 
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servations to be made on the glaciers. Our explorations 

showed that north of the Alaskan mountains, as in some 

parts of Siberia, there are no glaciers, and there has been no 

glaciation in the ordinary sense, but that in its stead we 

have the singular phenomenon of the Ground-ice formation, 

a state of affairs in which ice plays the part of a more or less 

regularly interstratified rock, above which are the clays con¬ 

taining remains of the mammoth and other animals, show¬ 

ing that they became extinct not because of the refrigeration 

of the region, but coincidently with the coming of a warmer 

climate. 

In anthropology, in addition to large collections obtained 

from the living tribes, vocabularies, etc., the names and 

boundaries of all the tribes were obtained for the first time, 

the Eskimo were shown to exist on the Asiatic coast as im¬ 

migrants driven by war from America, and a very ancient 

confusion of these people with the Asiatic Chukchi was defi¬ 

nitely cleared up. The data obtained in regard to the various 

branches of the Eskimo stock brought welcome confirmation 

to the theory of Rink on the origin of this people—a theory 

which would probably have been by this time more widely 

known if it had been more sensational and less scientific. 

The patient examination of many village sitefe, shell-heaps, 

and middens throughout the Aleutian chain resulted in the 

discovery that the successive strata, judged by the imple¬ 

ments found in them, showed a gradual progress in culture 

from that of the lowest, a crude Eskimo type, to that of the 

uppermost stratum, which contained the evidences of Aleut 

culture of the type immediately before their subjugation by 

the Russians. This was, I believe, at that time the first in¬ 

stance in which the paleontologic method, if I may call it so, 

had been applied to the study of American shell-heaps. 

In biology, the first object of the work planned by Ken- 

nicott had been the determination of what constituted the 

fauna and flora, and from that knowledge the determination 

of the relations between the Asiatic and American assem¬ 

blies. This was accomplished in essentials, though it need 
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not be said that the details will still supply an opportunity 

for study for many a year to come. The enumeration of the 

greater part of the population of mammals, birds, and fishes 

has been accomplished and the plants have been fairty well 

collected, so that we know that the fauna and flora, deduc¬ 

tion being made of circumboreal species, is essentially Ameri¬ 

can and not tinctured to any marked extent with Asiatic in¬ 

gredients. Among the lower animals the brachiopods> 

hydroid zoophytes and corallines; part of the sponges; the 

limpets, chitons, and nudibranchs among the mollusks; have 

been monographically studied. The Crustacea, insects, and 

a large part of the mollusks yet remain to be worked up 

in a similar manner. 

To close the record of achievement, I may mention the 

bibliography of Alaskan literature prepared by Mr. Baker 

and myself, wdiich, up to May, 1879, when it went to press, 

comprised 3,832 titles in eleven languages. Since it was 

published by the Coast Survey nearly as many more have 

been accumulated, and the list probably will continue to 

increase from year to year. 

Since my field-work closed, in 1880, Alaskans have not 

been idle. The prospector has invaded the recesses of the 

land, and surveys, explorations, and mountaineering have 

been almost constantly carried on. The tourist has discov¬ 

ered the country and written books which, although they 

have the resemblance of one pea to another, have neverthe¬ 

less carried tidings of Alaska to most corners of the Union. 

Alaska in one sense is no longer unknown, and she is even 

beginning to be somewhat understood and appreciated. The 

missionary has been up and down in the land, and has done 

much good in many ways, not without occasional mistakes. 

It was, therefore, with curiosity as well as interest that I 

returned to the territory last May, after an absence of fifteen 

years. In looking back on the summer’s experiences, a com¬ 

parison between the Alaska of 1865 and that of 1895 natur¬ 

ally suggests itself. I was rash enough twenty-five years 

ago to indulge in prophecy as to the future of the territory. 
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I did not count on the inertia of Congress or the stupidity 

of officials, as I might now. Nevertheless progress has been 

made, and a summary of present conditions, perhaps even 

a peep into the future, is not inappropriate at this time. 

Since 1865 the fur-seal fishery has risen, produced its mil¬ 

lions, and declined to a point where its close in a commercial 

sense may almost be predicted. The first fisherman sought 

the cod in that year, and a modest fleet has kept the busi¬ 

ness going ever since, with more or less fluctuation in the 

catch. The salmon canner was then unknown, but has since 

invaded nearly every important fishing site. The placer 

miner has developed and exhausted the gold of the Stikine 

region, and pushed on to the headwaters of the Yukon and 

its affluents. The clink of the drill and the monotonous 

beat of the stamp-mill are familiar sounds on the quartz 

ledges, which in 1865 lay peacefully under their blankets of 

moss. The whaling fleet has laid its bones on the sandy 

bars of the Arctic coast, while the innovating steam whaler 

has pushed its way past Point Barrow into the very fastness 

of the ice at Herschel island, to find, in its turn, its occupa¬ 

tion gradually passing away. The imperial sea-otter is on 

the way to becoming a memory, and the Aleuts, his perse¬ 

cutors, are not unlikely to follow him. 

As regards the inhabitants of the territory, a complete 

change is conspicuous. Some thousands of white fishermen, 

hunters, miners, and prospectors are now scattered along the 

coast and rivers, on the whole a hard-working, orderly set, 

with here and there a rascally whisky smuggler or a stranded 

gentleman. Apart from a few mining camps, the parasites 

who live by the vices of others are few. A country where 

he who would live must work is not attractive to them. Cut 

off from direct contact with the rest of the United States, 

Alaska is really a colony and not a frontier territory in the 

sense usually understood. As such, its needs should have 

been the subject of study and appropriate legislation, the 

neglect of which by Congress so far is bitterly and justly 

resented by the entire population. Into political matters I 
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shall not enter, but must observe that among the numerous 

ill-paid officials few are well prepared to handle all the diffi¬ 

cult questions presented in such a community, and the ex¬ 

ecutive, such as it is, is without the legal authority or the 

proper facilities for governing or even visiting the greater 

part of the region it is supposed to control. The state of the 

law is uncertain, the seat of authority obscure, divided ille¬ 

gitimately between naval officers, the revenue-cutter service, 

and a powerless governor, who, whatever his wishes and 

intentions, is not permitted by the law to control anything. 

If it were not for the orderly character and good sense of 

the white population, the territory might easily become a 

pandemonium. This condition of things is disgraceful, and 

reform is urgently needed. 

The change in the native population of southeastern 

Alaska is very rqarked. In a general way a similar change 

has taken place all over the territory. The primitive con¬ 

dition of the natives has almost wholly disappeared. The 

turf-covered hut has given way to frame shanties; log houses 

are rarely built; the native dress has disappeared, replaced 

by cheap ready-made clothing; native manufactures, uten¬ 

sils, weapons, curios, all are gone, or made only in coarse 

facsimile for sale to tourists; the native buys flour and tea, 

cooks his salmon in a frying-pan, and catches his cod or 

halibut with a Birmingham hook and a Gloucester line. In 

the whole of southern Alaska, thanks to the schools, the 

children and many young people speak fairly good English. 

If the present influences continue, another generation will 

see the use of English universal and the native languages 

chiefly obsolete. The day of the ethnological collector is 

past. Southeastern Alaska is swept clean of relics; hardly 

a shaman’s grave remains inviolate. 

In other parts of the territory the same is more or less 

true. The native population is focusing about the commer¬ 

cial centers. The people gather where work and trade afford 

opportunities, and I have seen more than one pretentious 

church standing empty among the abandoned houses of a 
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formerly prosperous village. There is some admixture of 

blood in marriages between the often attractive “ Creole ” 

women and the incoming settlers. These marriages are 

often very fruitful, but the pure-blooded natives seem to be 

diminishing. The Aleuts, whose census is accurately made 

annually by the Greek church, are distinctly losing ground, 

and will doubtless pass away in a few generations. The 

same is probably true of the Tlinkit people. As we ap¬ 

proach the Arctic region, changes of all sorts are less marked 

and civilization has had less effect. Here the subsistence 

of the natives presents serious and increasing difficulties. 

Their natural food supply has been practically destroyed 

by the whites and by repeating firearms, of which the 

natives have many. The whales are almost extinct, and 

the whaling fleet itself is nearly so. The walrus preceded 

the whale, and the hair seal has never been sufficiently 

abundant in this region for a sole resource. The chief 

salmon streams are or soon will be monopolized by the 

whites near the sea, and the natives of the upper Yukon 

will go hungry. The present law allows unrestricted fish¬ 

ing to the natives and a close time of one day a week for 

the whites. The latter hire the natives to fish during the 

prohibited day, and so the salmon have no close time. 

Where a salmon stream is monopolized by one firm, they 

do not usually cut their own throats by taking all the 

salmon, but where there are several competing firms there 

is little respite for the fish. 

The cod fishery was for some years carried on by two 

competing firms, who have now composed their differences. 

They had salting stations on shore, and bought fish at so 

much a thousand from fishermen, who used small sailing 

vessels or dories and fished near shore. Now it is found 

cheaper and, for other reasons, preferable to return to the 

older system of fishing in the open sea from a sea-going 

vessel, as on the banks at the east. The preparation of the 

Alaska fish has often been hasty, careless, and inferior to 

that done in the east; so Alaska codfish, originally of equal 
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quality, are less esteemed commercially than the eastern 

cod. For some reason I do not understand the Pacific 

ocean at best offers but a small market for fish under pres¬ 

ent conditions, and so I look to see the codfishing industry 

develop slowly and perhaps be the last as it is, in my opin¬ 

ion, the most substantial and important of the resources of 

the territory. At present the salmon are commercially 

more important, but unless more effectively supervised and 

regulated they will meet with the same fate as the fisheries 

of California and the Columbia river. There should be a 

resident inspector at every important fishery, and as the 

business is carried on for at most two or three months in 

the year, a vigilant inspection by a cutter or fisheries vessel 

told off for this especial work would counteract any tendency 

to bribe the resident inspector. I have seen 3,500,000 

pounds of canned salmon taken in one season from one 

small stream, representing at least 5,000,000 pounds of eat¬ 

able fish, and it seems that an annual supply of the best fish 

food like that is worth preserving; but if the work is to be 

put into the hands of the lowest class of political appointees 

instead of intelligent experts, making the offices will not 

save the fish. 

In the matter of furs we may regard the fur-seal fishery 

as doomed. It is probable that few of the pelagic sealers 

will pay expenses after this season, and two or three years 

are likely to see the end of the business. It is costing us 

much more than the catch is worth now, and the most 

sensible way of ending the matter is generally felt to be the 

destruction at one fell swoop of all the seals remaining on 

the islands and the abandonment of the business. 

The continental furs, owing to competition between traders, 

are now selling for nearly their full market value, and little 

profit can be expected from them. They are also growing 

more and more scarce, as the high prices stimulate trapping. 

The natural and satisfactory offset to this would be the estab¬ 

lishment of preserves, such as the afox farms,” of which men¬ 

tion has been frequently made in the daily press. Many of 
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these have been started, and the multitudinous islands offer 

opportunities for many more; but the business is hazardous, 

since there is no protection against poachers, and a very ill- 

judged attempt has been made by the Treasury, I am in¬ 

formed, to impose, in addition to the annual sum for which 

the island is leased, a “ tax ” of $5 on each fox killed over 

twenty from each “ farm.” It is doubtful if the Treasury is 

entitled to tax anybody without the explicit authority of 

Congress, and a tax of 50 per cent, on the gross value of the 

product not only is oppressive and exorbitant, but will put 

a stop to a business which should be encouraged. 

The timber of Alaska, though by no means,insignificant, 

is not likely to be much sought for, except for local purposes, 

for many years. I may point out, however, that there are 

millions of acres here densely covered with the spruce best 

suited for wood pulp, and plenty of water power for pulp- 

mills, so that this resource is not without a future. 

A forthcoming report of the United States Geological 

Survey will treat of the existing and prospective mining 

industries. 

To sum up, it may be said that the whaling and sealing 

industries of Alaska are practically exhausted, the fur trade 

is in its decadence, the salmon canning in the full tide of 

prosperity, but conducted in a wasteful and destructive man¬ 

ner which cannot long be continued with impunity. The 

cod and herring fisheries are imperfectly developed, but 

have a substantial future with proper treatment. Mineral 

resources and timber have hardly been touched. No busi¬ 

ness-like experiment with sheep or cattle on the islands has 

been tried by competent hands, while the introduction of 

reindeer, though promising well, is still in the experimental 

stage. Socially, the territory is in a transition state, the 

industries of the unexploited wilderness are passing away, 

while the time of steady, business-like development of the 

more latent resources has not yet arrived. The magnificent 

scenery, glaciers, and volcanoes make it certain that Alaska 

will in the future be to the rest of the United States what Nor- 

21 -Bull. Phil. Soc. Wash., Vol. 13. 
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way is to western Europe—the goal of tourists, hunters, and 

fishermen. Agriculture will be restricted to gardening and 

the culture of quick-growing and hardy vegetables for local 

use. The prosecution of most Alaskan industries being in 

untrained hands, failures and disappointment will no doubt 

be frequent, but when the pressure of population enforces 

more sensible methods the territory will support in rea¬ 

sonable comfort a fair number of hardy and industrious 

inhabitants. 

List of Scientific Publications based on the work of the Scien¬ 

tific Corps of the Western Union Telegraph Expedition to 

Alaska (1865-68), and on the United States Coast Survey ex¬ 

plorations (1871-80), under the direction of W. H. Dali, in 

the same region. 

The following list is intended to comprise the titles, in 

brief, of the more important publications which have arisen 

directly from the work of the Scientific Corps of the Western 

Union Telegraph Expedition, and of the supplemental ex¬ 

plorations by parties under my direction, in connection with 

the work of the United States Coast and Geodetic Survey, in 

the endeavor to complete the interrupted plans of the earlier 

expedition. For a more complete Alaskan bibliography, to 

1879, reference may be had to the publication on that topic 

hereunder cited. The present list is brought to date, but 

publications relating only to Siberia are not included ; it 

does comprise, in addition to articles printed by members of 

the expedition, others by specialists in various departments 

based on collections brought back for study. Considerations 

of space forbid an attempt to make this list complete, but, 

such as it is, it is hoped that it may give a better idea of the 

additions to knowledge which resulted from the labors of 

Kennicott and his associates and serve to illustrate a not un¬ 

interesting chapter in the exploration of Northwest America. 

It should, however, be clearly understood that a considerable 

amount of exploration, growing out of subsequent events not 
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connected with the Telegraph expedition, has produced a re¬ 

spectable body of literature which finds no place in the pres¬ 

ent list as above limited. 

The members of the Scientific corps in 1865 were Robert 

Kennicott, H. M. Bannister, F. Bischoff, W. H. Dali, H. W. 

Elliott, Charles Pease, and J. T. Rothrock. In the scientific 

work done under the auspices of the Coast Survey (1871-’85) 

I was joined by Mark W. Harrington and Marcus Baker, of 

the Survey, and in 1880 by T. H. Bean, of the United States 

National Museum. 

Publications by Bush, Dali, Elliott, Kennan, and others 

on material not connected with the explorations previously 

enumerated or relating wholly to Siberia are not included in 

the list. 

GEOGRAPHY AND EXPLORATION. 

(See also under Meteorology and Geology.) 

Baker (Marcus). Boundary line between Alaska and Siberia. 

Bull. Phil. Soc. of Wash., iv, pp. 123-133,1881, with maps. 

Dali (William Healey). Report on the operations of the Scientific Corps of 

the Western Union Telegraph Expedition during the season 

of 1865. 

Proc. Chicago Academy of Sciences, i, pp. 31, 32. 1866. 

- Explorations in Russian America. 

American Journal of Science, xlv, pp. 96-99. Jan., 1868. 

- Exploration of the interior of Russian America. 

Mining and Scientific Press, San Francisco, Oct. 3 and 10,1868. 

- Remarks on Alaska. 

Proc. Cal. Acad. Sci., iv, pp. 30-37, 268, 293, 294. 1868. 

- Die telegraphen expedition auf dem Jukon in Alaska. 

Petermann’s Geogr. Mittheil., xv, pp. 361-365, with map. 

Oct., 1869. 

- Alaska and its resources. 

Lee & Shepard, Boston, 8°, xii, 628 pp., 15 pi., 1 map. 1870. 

- Survey of Alaska. 

House Reps. Exec. Doc. No. 255, 41st Congr., 2d sess., 8°, 

Washington, Gov’t Printing Office, May 11, 1870. 
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Dali (William Healey). On exploration in Russian America. 

Proc. Am. Acad. Arts and Sci., viii, pp. 297, 298. 1870. 

■-— Die aufnahme der Aleuten und die untersuchung der Behring 

See. 

In Hydrogr. Mitth. Berlin, 1873, pp. 316, 317. Dec., 1873. 

- Forschungen in den Aleutischen Inseln, 1873. 

Petermann’s Mitth., xx, pp. 151, 152. March, 1874. 

- Explorations in the Aleutian islands and their vicinity. 

Journ. Am. Geogr. Soc., v, pp. 243-245. 1874. 

-Harbors of Alaska and the tides and currents in their vicinity. 

U. S. Coast Survey report for 1872, App. 10, pp. 177-212. 1875. 

- Arbeiten der Kustenaufnahme von Alaska in jahre 1874. 

Petermann’s Mitth., xxi, pp. 155, 156. May, 1875. 

- Report of explorations on the coast of Alaska. 

U. S. Coast Survey report for 1873, App. 11, pp. 111-122. 1875. 

- Report on Mount St. Elias, with map and view. 

In same for 1875, App. 10, pp. 157-188; extras, Nov., 1875. 

- Scientific results of the exploration of Alaska by the parties under 

the charge of W. H. Dali, during the years 1865-1874. 

Washington, W. H. Dali, 1876-1880, 8°, pp. 1-276, with 36 

plates. ' 

[A uniformly paged reprint of papers by Dali and others on 

various topics. The papers will be referred to separately 

here. ] 

- Neuere Forschungen auf den Aleuten. 

Deutsche Geogr. Blatt., Bremen, ii, pp. 38-43 and 84-101, 

with map, Jan. to April, 1878. 

- Alaska forschungen im Sommer 1880. 

Petermann’s Geogr. Mitth. 1881, pp. 46, 47. Feb., 1881. 

- U. S. Coast Survey operations in the vicinity of Bering strait. 

Proc. Royal Geogr. Soc., London, Jan., 1881, pp. 47-49. 

- Pacific Coast Pilot. Coast and islands of Alaska. Dixon entrance 

to Yakutat bay with the Inland passage. Washington, U. S. 

Coast Survey, 1883. 

Royal 8°, pp. x, 333, 16 maps and 13 plates. 

The appendices include: 

List of charts useful for navigation in the region. 

Isogonic chart of Alaska and adjacent region. 
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List of astronomical positions and magnetic declinations. 

Table of distances. Table of routes. 

Note on pronunciation of native and Russian names. 

Meteorological tables. Index to the work. 

Indices to geographical authorities used in compiling the 

work and not indexed in the original, comprising Beechey, 

Billings, Cook and King, Dixon, Langsdorff, La Perouse, 

Lisianski, Liitke, Meares, Portlock, Vancouver, and the 

voyage of the Sutil and Mexicana (Alcala Galiano). 

Dali (William Healey). Alaska. 

American Cyclopedia, New York, Appleton, 1883, with map. 

- On the position of Mt. St. Elias and the Schwatka expedition to 

Alaska. 

Proc. Royal Geogr. Soc., x, No. 7, pp. 444, 445. July, 1887. 

- Alaska revisited. I-VI. 

The Nation, New York, 1895, vol. 61, No. 1566, pp. 6, 7, July 4 ; 

No. 1567, p. 24, July 11; No. 1572, p. 113, Aug. 15; No. 1573, 

pp. 131, 132, Aug. 22; No. 1576, p. 183, Sept. 12; No. 1578, 

p. 220, Sept. 26. Also in the New York Evening Post of 

July 4, 11, Aug. 19, 22, and Sept. 21, 28, 1895. 

Rothrock (Joseph Trimble). Northwestern North America; its resources 

and inhabitants. 

Journ. Am. Geogr. Soc., iv, pp. 393-415. New York, 1874. 

Whymper (Frederick). A journey from Norton sound, Bering sea, to 

Fort Youkon. 

Journ. Roy. Geogr. Soc., London, xxxviii, pp. 219-237. 1868. 

METEOROLOGY AND HYDROLOGY. 

Bannister (Plenry Martyn). Meteorological correspondence. 

Smithsonian Report for 1866, pp. 411, 412. 1867. 

Dali (W. H.) Coast Pilot of Alaska. Appendix I, Meteorology and Bib¬ 

liography. 

376 pp., 13 pi., 28 maps, 4°, U. S. Coast Survey, 1879.' 

- Ueber das Klima von Alaska. 

Zeitschr. der Oesterreichischen Ges. fur Meteorologie, xvii, 

pp. 443, 444. Nov., 1882. 8°. 

- Hydrologie des Bering-Meeres und der benachbarten gewasser. 

Petermann’s Mitth., pp. 361-380, with map and sections, and 

pp. 443-448. Oct. to Nov., 1881. 
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Dali (W. H.) The currents and temperatures of Bering sea and the ad¬ 

jacent waters. 

U. S. Coast Survey Report for 1880, App. No. 16, separately 

printed, 4°, pp. 46, maps and section. March, 1882. 

MAGNETISM. 

Schott (Charles A.) U. S. Coast and Geodetic Survey. Methods and re¬ 

sults. Terrestrial magnetism. Collection of results for declina¬ 

tion, dip, and intensity (etc.). 

U. S. Coast Survey Report for 1881, App. No. 9 (separately 

issued), 67 pp., 4°, 1882; cf. pp. 5-7, 37-39. 

- On the secular variation of the magnetic declination in the United 

States (etc.). 

In the same, Report for 1882, Appendices 12, 13, pp. 211-328; 

also separately; cf. pp. 243, 246-249, 285, and isogonic 

chart of Alaska. 

- The magnetic observations made on Bering’s first voyage (etc.). 

U. S. Coast and Geodetic Survey Bull. No. 20, vol. i, pp. 

211-214. 1891. 

HISTORY, BIBLIOGRAPHY, AND ECONOMICS. 

Dali (W. H.) Robert Kennicott. 

Trans. Chicago Acad. Sci., i, part 2, pp. 133-226, with por¬ 

trait. 1869. 

A biographical sketch prepared by a committee of the 

Academy appointed at the meeting of Nov. 13,1866. Dali’s 

contribution occupies pp. 216-224. 

- Is Alaska a paying investment ? 

Harper’s Monthly Magazine, xliv, Jan., 1872, pp. 252-257. 

- Abstract of the population of the native tribes of Alaska. 

U. S. Comm’r Indian Affairs, Rep. for 1874, pp. 198-201. 1875. 

- Documents relating to the Alaskan boundary question. 

Senate Ex. Doc. No. 146, 50th Congr., 2d sess. Washington, 

Govt. Printing Office, 1889, 8°, pp. 1-40, charts 10-17. 

- A critical review of Bering’s first expedition, 1725-1730, together 

with a translation of his original report upon it, with a map. 

Nat. Geogr. Mag., ii, No. 2, June, 1890, pp. 1-57. 

- Geographical explorations. Early expeditions to the region of 

Bering sea and strait. From the reports and journals of Vitus 
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Ivanovich Bering, translated by William Healey Dali. Wash¬ 

ington, Government Printing Office, 1891. 

U. S. Coast Survey, Report for 1890, Appendix 19, pp. 759- 

774, 4°, with two maps. March, 1891. 

This paper, separately printed as above with title page and 

cover, appears in the annual volume with the following 

heading: 

‘‘Notes on an original manuscript chart of Bering’s expedi¬ 

tion of 1725-1730, and on an original manuscript chart of his 

second expedition, together with a summary of a journal 

of the first expedition kept by Peter Chaplin and now first 

rendered into English from Bergh’s Russian version.” 

Dali (W. H.) and Baker (Marcus). Partial list of charts, maps, and pub¬ 

lications relating to Alaska and the adjacent region. 

U. S. Coast and Geodetic Survey, Pacific Coast Pilot, Alaska, 

second series, Appendix 1, pp. 163-375, 4°, Washington, 

1879; also separately. 

GEOLOGY AND PALEONTOLOGY. 

(See also Botany.) 

Dali (W. H.) Observations on the geology of Alaska. 

U. S. Coast Survey, Coast Pilot of Alaska, part 1, pp. 193-202. 

1869. 

- Notes on Alaska and the vicinity of Bering strait. 

Am. Journ. Science, third series, xxi, pp. 104-111, with maps. 

Feb., 1881. 

- Note on Alaska Tertiary deposits. 

Am. Journ. Science, third series, xxiv, pp. 67, 68, July, 1882. 

- Glaciation in Alaska. 

Proc. Phil. Soc. of Washington, 1883, vol. vi, pp. 33-36. 

- A new volcanic island in Alaska. 

Science, iii, No. 51, Jan. 25, 1884, pp. 89-93. 

- Further notes on Bogosloff island. 

Science, v, No. 101, Jan. 9, 1885, pp. 32, 33. 

- Bulletin of the U. S. Geological Survey, No. 84. Correlation Papers. 

Neocene, by William Healey Dali and Gilbert Dennison Harris ; 

Washington, Government Printing Office, 1892, 8°, 349 pp., 

with many illustrations and 3 maps. 

Geology of Alaska, pp. 232-268, with map. 
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White (Charles A,) On a small collection of Mesozoic fossils obtained in 

Alaska by Mr. W. H. Dali (etc.). 

U. S. Geol. Survey, Bulletin No. 4, Washington, the Survey, 

1884, pp. 10-15, pi. vi. 

FAUNAL DISTRIBUTION. 

Dali (W. H.) On the trend of the Rocky Mountain range north of lati¬ 

tude 60°, and its influence on faunal distribution. 

Proc. Am. Assoc. Adv. Sci., xviii, p. 247. Aug., 1869. 

-On the marine faunal regions of the North Pacific (etc.). 

Proc. Acad. Nat. Sci., Phila., 1876, pp. 205-208; Sci. Results, 

pp. 1-4. Dec., 1876. 

- Faunal regions. Distribution of plants and animals. Charts 

xxvii and xxviii. 

In Coast Pilot of Alaska, App. I, Meteorology. Washington, 

U. S. Coast Survey, 1879. 

ANTHROPOLOGY. 

Dali (W. H.) On the distribution of the native tribes of Alaska. 

Proc. Am. Assoc. Adv. Sci., 18th (Salem) meeting, 1869, xviii, 

pp. 263-273, 1870. Synopsis in Am. Nat. Oct., 1869. 

- On prehistoric remains in the Aleutian islands. 

Proc. Cal. Acad. Sci., iv, pp. 283-287. Nov., 1872. 

- On further examinations of the Amaknak cave. 

Proc. Cal. Acad. Sci., v, pp. 196-200. 1873. 

- Notes on some Aleut mummies. 

Proc. Cal. Acad. Sci., v, pp. 399, 400. Oct., 1874. 

- Alaskan mummies. 

Am. Naturalist, ix, pp. 433-440. Aug., 1875. 

-— Tribes of the extreme Northwest. 

Art. I. On the distribution and nomenclature of the native 

tribes of Alaska and the adjacent territory, with a map, 

pp. 7-40. 

Art. II. On succession in the shell heaps of the Aleutian 

islands, pp. 41-91. 

Art. III. Remarks on the origin of the Innuit, pp. 93-106. 

Terms of relationship used by the Innuit, pp. 117-119. 

Table showing relationship of tribes of Puget sound, etc., 

p. 241. 

In Contr. to Am. Ethnology, i, 4°, Washington, Gov’t Print¬ 

ing Office, July, 1877; extras, May, 1877. 
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Dali (W. Ii.) Social life among our aborigines. 

Am. Naturalist, xii, pp. 1-10. Jan., 1878. 

- On the remains of later prehistoric man obtained from caves in 

the Catharina archipelago, Alaska Territory (etc.). 

Smithsonian Contr. to Knowledge, 318,4°, pp. 40, 10 pi. 1878. 

- The Chukches and their neighbors in the northeastern extremity 

of Siberia. 

Proc. Roy. Geogr. Soc., London, Sept., 1881, pp. 568-570. 

- On the so-called Chukchi and Namollo people of Eastern Siberia. 

Am. Naturalist, xv, 857-868. Nov., 1881. 

- On masks, labrets, and certain aboriginal customs, with an 

enquiry into the bearing of their geographical distribution. 

U. S. Bureau of Ethn., Annual Rep. for 1882, Washington, 

1884, 8°, pp. 67-200, pi. v-xxix; also separately. 

- The native tribes of Alaska: An address before the Section of 

Anthropology of the American Association for the Advance¬ 

ment of Science, at Ann Arbor, August, 1885, by William H. 

Dali, vice-president. 

Proc. A. A. A. S., xxxiv, 1885, pp. (1-19) 363-379. 

Otis (George A.) List of the specimens of the anatomical section of the 

U. S. Army Medical Museum. 

Washington, Army Med. Museum, 1880, 8°, pp. viii, 194; 

cf. pp. 35-39, 54-56, 166, 167, for description and measure¬ 

ments of crania. 

Wyman (Jeffries). Observations on crania. 

Proc. Boston Soc. Nat. Hist., xi, pp. 440-462, 1868, 8°, cuts; 

also separately. 

ZOOLOGY. 

Mammals. 

Bannister (Henry Martyn). The Esquimaux dog. 

Am. Naturalist, iii, No. 10, Dec., 1869, pp. 522-530. 

Coues (Elliott) On the Muridse. 

Philadelphia, Collins, 1874 [N. W. Boundary Survey], 8°, 

pp, 28. Based partly on Alaskan material. 

Dali (W. H.) List of the mammalia of Alaska. 

Alaska and its Resources, pp. 576-578. 1870. 

22—Bull. Phil. Soc., Wash., Vol.13. 
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Dali (W. H.) Catalogue of the Cetacea of the north Pacific ocean, with 

osteological notes, etc. 

In Scammon’s Marine Mammalia of the Northwest Coast of 

North America, 4°, San Francisco, 1874; Appendix, pp. 

278-307. Separately printed, 1873. 

True (Frederick W.) On the skeleton of Phoca (Histriophoca) fasciata, 

Zimmerman. 

Proc. U. S. Nat. Mus., vi, 1883, pp. 417-426, pi. xi-xiv. 1884. 

- On a new species of porpoise, Phocsena Dalli, from Alaska. 

The same, viii, 1885, pp. 95-98, pi. ii-v. 

Birds. 

Baird (Spencer F.) On additions to the bird fauna of North America 

made by the Scientific Corps of the Russo-American Telegraph 

Expedition. 

Trans. Chicago Acad. Sci., i, pp. 311-325, pi. 27-34. 1869. 

Bean (Tarleton H.) Our unique spoon-billed sandpiper. 

Forest and Stream, xvi, No. 12, p. 225. April 21, 1881. 

- Notes on birds collected during the summer of 1880 in Alaska. 

Proc. U. S. Nat. Mus., 1882, pp. 144-173. 1882. 

Cabanis (J.) Ueber Pyrrhula cassini und P. cineracea aus Siberien. 

Jour, fur Ornith., 1881, p. 318 ; 1872, pp. 315, 316 ; 1873, pp. 

314, 315. 

Dali (W. H.) and Bannister (H. M.) List of the birds of Alaska, with 

biographical notes. 

Trans. Chicago Acad. Sci., i, pp. 267-310, pi. xxvii-xxxiv. 

1869. 

Dali (W. H.) Birds of Alaska. 

Alaska and its resources, pp. 580-586. 1870. 

- Notes on the avifauna of the Aleutian islands from Unalashka 

eastward. 

Proc. Cal. Acad. Sci., v, pp. 25-35. Feb., 1873. 

- Notes on the avifauna of the Aleutian islands, especially those 

west of Unalashka. 

Proc. Cal. Acad. Sci., v, pp. 270-281. March, 1874. 

Newton (Alfred). Notes on the birds of the Yukon region. 

The Ibis, 2d series, vi, p. 521. 1870. 

Tristram (H. B.) Notes on some passerine birds, chiefly palearctic. 

The Ibis, 3d series, i, No. 2, pp. 231-234. 1871. 
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Fish and Fisheries. 

Bean (Tarleton H.) Description of a new fish from Alaska (etc.). 

Proc. U. S. Nat. Mus., ii, pp. 212-218. 1879. 

- Descriptions of some new genera and species of Alaskan fishes. 

The same, pp. 353-359. 1880. 

- Descriptions of new fishes from Alaska and Siberia. 

The same, iv, pp. 144-159. 1881. 

- A preliminary catalogue of the fishes of Alaskan and adjacent 

waters. 

The same, v, pp. 239-272. 1881. 

- Description of a new species of Alepidosaurus from Alaska. 

The same, vi, pp. 661-663. 1883. 

- A partial bibliography of the fishes of the Pacific coast of the 

United States and of Alaska (etc.). 

The same, iv, pp. 312-317. 1882. 

-List of fishes known to occur in the Arctic ocean north of Bering 

strait. 

Report on the cruise of the Corwin. Washington, Govern¬ 

ment Printing Office, 1883, pp. 118-120, 4°. 

- The fishery resources and fishing grounds of Alaska. 

Fishing industries of the U. S., i, sect. 3, pp. 81-113. 1887. 

- The codfishery of Alaska. 

Fishing industries of the U. S., i, sect. 5, p. 198. 1887. 

- The Burbot, Lota maculosa. 

Fishing industries of the U. S., i, sect. 7. 1887. 

Dali (W. H.) The food-fishes of Alaska. 

U. S. Com’r Agriculture, Report for 1870, pp. 375-392. 1871. 

Milner (James W.) Notes on the grayling of North America (etc.). 

U. S. Com’r Fisheries, Report for 1872-73, pp. 729-742. 1874. 

Mollusca and Brachiopoda. 

Bergh (Rudolph). On the nudibranchiate gastropod mollusca of the 

north Pacific ocean, with special reference to those of Alaska. 

Part I. 

Proc. Acad. Nat. Sci., Phila., for 1879, pp. 71-132,1. pi-viii. 

May, 1879. 

- Part II. 

In the same, pp. 40-127, pi. i-viii. 1880. 

The two papers above cited appear in Sci. Res. Expl. of Alaska, 

pp. 127-276, pi. i-xvi. 
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Dali (W. H.) Materials for a monograph of the family Lepetidae. 

Am. Journ. Conch., v, pp. 140-150. 1869. 

- On the Limpets, with special reference to the species of the west 

coast of America and to a more natural classification of the 

group. 

In same, vi, pp. 228-282, pi. xiy-xvii. April, 1871. 

- Diagnoses of sixty new forms of mollusks from the west coast of 

America and the North Pacific ocean. 

In same, vii, pp. 93-160, pi. xiii-xvi. Oct., 1871. 

- Preliminary descriptions of new species of mollusks from the 

northwest coast of America. 

Proc. Gala. Acad. Sci., iv, pp. 270, 271. Oct., 1872. 

- Preliminary descriptions of new species of mollusks from the 

northwest coast of America. 

In same, iv, pp. 302, 303. Dec., 1872. 

- Descriptions of new species of mollusca from the coast of Alaska, 

with notes on some rare forms. 

In same, v, pp. 57-62. April, 1873. 

- Catalogue of shells from Bering strait (etc.). 

In same, v, pp. 246-253. 1874. 

- Preliminary descriptions of new species of mollusks from the 

northwest coast of America. 

In same, p. 6; extras, March 19, 1877. 

- Aleutian cephalopods. 

Am. Nat., vii, No. 8, Aug., 1873, pp. 484, 485. 

- Report on the brachiopoda of Alaska (etc.). 

Proc. Acad. Nat. Sci., Phila. 1877, pp. 155-170; Sci. Results, 

art. iii, pp. 45-62. July, 1877. 

- Descriptions of new forms of mollusks from Alaska (etc.). 

Proc. U. S. Nat. Mus., 1878, pp. 1-3. Feb., 1878. 

- Report on the Limpets and Chitons of the Alaskan and Arctic 

regions. 

Proc. U. S. Nat. Mus., 1879, pp. 281-344, pi. i-v. 1879. Sci. 

Results Expl. Alaska, pp. 63-126, pi. i-v. 

- Report on the mollusca of the Commander islands, Bering sea, 

collected by Leonard Stejneger in 1882 and 1883. 

Proc. U. S. Nat. Mus., 1884, pp. 340-349, pi. ii. 1884. 
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Dali (W. H.) New or specially interesting shells of the Point Barrow 

expedition. 

Proc. U. S. Nat. Mus. 1884, pp. 523-526, pi. ii. 1884. 

- Report on Bering island mollusca. 

Proc. U. S. Nat. Mus. 1886, pp. 209-219. 1886. 

- Supplementary notes on some species of mollusks of the Bering 

sea and vicinity. 

Proc. U. S. Nat. Mus. 1886, pp. 297-309, pi. iii, iv. Oct., 1886. 

- Report on the mollusks. 

In Report of the International Polar Expedition to Point 

Barrow, Washington, Gov’t, 1885, 4°, pp. 177-184, with 

plate. 

-On the genus Corolla (Dali). 

The Nautilus, iii, No. 3, July, 1889, pp. 30, 31. 

- Notes on some recent brachiopods. 

Proc. Acad. Nat. Sci., Phila. for 1891, pp. 172-175, pi. iv. 

- On some new or interesting west American shells (etc.). 

Proc. U. S. Nat. Mus., xiv, pp. 173-191. 1891. See also the 

same, xvii, pp. 706-733, pi. xxv-xxxii. 1895. 

Lea (Isaac). Description of five new species of Unionidse (etc.). 

Proc. Acad. Nat. Sci., Phila., xix, p. 81. 1867. 

Crustacea. 

Benedict (James E.) Preliminary descriptions of thirty-seven new species 

of hermit crabs of the genus Eupagurus. 
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GRAPHIC REDUCTION OF STAR PLACES.* 

BY 

Erasmus Darwin Preston. 

[Read before the Society January 4, 1896.] 

Introduction.—The reduction of stars from their mean 
places at the beginning of the }^ear, as given in the Catalogue, 
to their apparent places at any given time as found by ob¬ 
servation, forms a very considerable part of the astronomical 
calculations made in the Coast and Geodetic Survey Office. 
This work is especially heavy in the latitude computations, 
and the labor has been accentuated in recent years by the 
attention given to the subject of latitude variation. 

There are several ways of abridging the numerical calcu¬ 
lations, depending on the relation between the number of 
stars observed and the number of nights on which obser¬ 
vations are made. For example, if many stars are observed 
on two or three consecutive nights, differential formulae may 
be applied by means of which the position having been 
obtained on any one date, that on succeeding dates may be 
found in about one-third the time required to get the first 
one. This method is given in Appendix No. 13, Coast and 
Geodetic Survey Report for 1888. When, however, obser¬ 
vations are continued for a long time on the same stars, a 
condition that necessarily follows in researches on the varia¬ 
tions of latitude, the reductions can be very much facilitated 
by a method employed in Appendix No. 2, Report of Coast 
and Geodetic Survey for 1892. This method, which con- 

* Published by permission of the Superintendent of the United States 
Coast and Geodetic Survey. 

23—Bull. Phil. Soc., Wash., Vol. 13. (163) 
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sists in applying Bessel’s numbers by differences, enables 

the computer to obtain the places for succeeding dates in 

about one-fourth the time required by the usual way. There 

are many cases, however, that do not fall strictly within the 

two foregoing categories, and to meet these the present 

graphic method has been devised. Its advantages are rapid¬ 

ity and ease of application. No numerical work being neces¬ 

sary, the fatigue attending such operations is entirely avoided. 

The accuracy of the method can be increased to any desir¬ 

able extent by enlarging the scale. That adopted in the 

following description will, however, meet all the require¬ 

ments of our present instruments and methods of observation. 

This method was originally devised to shorten the work in 

the latitude computations, and has therefore been used for 

declinations only, but following the same principles its ap¬ 

plication to right ascensions is easily made. 

Description arid Explanation.—Three general diagrams are 

given. The first (plate 7) shows the lines necessary for all 

the stars and is a reduced copy of the regular working sheet. 

The second and third (plates 8 and 9) are intended to show 

the construction for star No. 1381.* In plate 7 we have a 

graphic representation of the day numbers, A, B, C, D. The 

dimensions given refer only to the scale used in actual work 

and not to the illustrations, which have necessarily been 

reduced for convenience of publication. 

On a quadrant drawn with a radius of 20 inches (plate 7) 

spaces are laid off equal to half degrees, corresponding to 

two minutes of right ascension. By this scale declinations 

to the nearest tenth of a degree and right ascensions to the 

nearest half minute may be indicated with the greatest 

facility. With the exercise of a little care, on a slightly 

increased scale the error in plotting the former need not be 

more than a minute or two of arc, and the latter may be 

plotted with a corresponding accuracy in time. Roughly 

speaking, the uncertainty of plotting the two functions may 

* Catalogue of Stars for Observations of Latitude, Appendix No. 7, C. 

and G. S. Report for 1876. 
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be stated as about 6 seconds for the right ascensions and 1J 

minutes for the declinations. With the above stated di¬ 

mensions the trigonometrical functions may be read off to 

three places, and the multiplication, by the graphical method, 

of these functions by the day numbers can be accomplished 

so that the greatest error will be only a few hundredths of a 

second of arc, which is abundantly sufficient for the reduc¬ 

tion of star places for the ordinary latitude observations with 

the zenith telescope. 

Concentric with the quadrant having a radius of 20 inches, 

another is drawn with a radius of 20.05 inches. This is for 

the purpose of finding 20.05 cos a. The two radii bounding 

the quadrants are subdivided into spaces of tenths of an inch. 

Each radius is therefore divided into 200 parts. Thus by 

estimating tenths of these divisions readings may be made 

to the two thousandth part of the radius. Through these 

points of division lines are drawn parallel to the radii, the 

result being that the entire surface is divided into small 

squares. 

The divisions of the quadrant are numbered for declina¬ 

tion in the center and for right ascension on either side. 

The degrees of declination are not indicated again on plates 

8 and 9, as these are only intended to illustrate the method 

by application to a special case. The trigonometrical func¬ 

tions for the declination are used, however, on these sheets 

as they would appear on plate 7. The hours for the last 

argument are so chosen that the lines representing the star 

numbers a, b, c, d will fall horizontally. This facilitates 

their multiplication by the day numbers A, B, G, D, which 

are all plotted vertically. On the margin is indicated the 

space in which the right ascensions must be sought for the 

different star numbers a, b, c, d. A negative sign before the 

hours indicates that the trigonometrical function is to be 

taken in this sense. 
The quantities A, B, C, D are plotted on the largest scale 

possible with the accompanying quadrant. This necessitates 

a slight change in the values of A, and they are laid down 
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on a scale ten times their real value; for example, the value 

on June 9 is 0.507, but is plotted as 5.07. 

B may range from about + 9" to — 9", so the marginal 

numbers are used, and the correct value of this quantity 

multiplied by any of the trigonometrical functions will be 

given by reading the result from the scale at the left. 

C and D range from about + 20" to — 20". They are 

plotted so that the radial value would be 20. Since both 

are symmetrical with reference to the horizontal line pass¬ 

ing through the center, all values are plotted above the 

horizontal radius, and negative values in all day numbers 

are made apparent by using a curve in which dots are made 

for each individual day. The scale of dates is laid off in the 

middle of the sheet, and the value of any of the day numbers 

at a specified time may be found at the intersection of the 

corresponding curve, with the vertical line through the 

given date. By means of the horizontal lines the values of 

A, By Gy D may be transferred visually to the margin. For 

example, on June 9 we have the values 

A = + 5.07, B = — 8.35, O = — 3.57, D = - 20.07. 

Referring now to plate 8, we shall show the construction, 

i. en the graphic computation of the quantities 

a? A = 20.05 cos a x A. 
V B = — sin o. x B. 
c' C = (tan oj cos d — sin a sin 5) X O. 
d! D— cos a sin d X D. 

It should be borne in mind, however, that in actual prac- 

, tice the method is very much shorter than would appear 

from the lines drawn in plate 8. For example, in finding 

the value of a' A, when.we have once located the position 

of the right ascension, 16h 33m.5 on the quadrant, it is seen 

by mere inspection that the quantity 20.05 cos a is equal 

to — 7.38. In fact it is not necessary to know the numeri¬ 

cal value of this quantity, since it is to be multiplied by A, 

and it is only the final product that we care to determine. 
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We need only know that the value of a' is the line F G. 

This factor enters the computation as a line without reference 

to its numerical value. A fine thread being attached at the 

center 0, and the other end being held by the hand at J, 

the intersection of this thread with the vertical line through 

the point of right ascension, G, gives at once the value of 

a' A, or — 3.74. No lines are actually drawn, but the final 

products are found by projecting selected points, with the 

eye, either horizontally or vertically until they meet the 

line of the thread. This visual projection is rendered easy 

and accurate by the small spaces into which the sheet is 

divided. Moreover, on the regular working sheet both the 

quadrants indicating right ascensions and declinations and 

the curves for the day numbers are drawn. The diagrams 

are separated for illustration and to avoid confusion in the 

construction lines, which in the regular work are never 

drawn. For comparison, the logarithmic computation, em¬ 

ploying Bessel’s numbers, is given on the following page for 

the apparent declination of star No. 1381. 

GRAPHIC DETERMINATIONS. 

Reductions in Declination.—Proceeding now to determine 

the quantities a' A, b' B, c' C, d' D for star No. 1381, we shall 

indicate data and final results by full lines. Construction 

lines are dot'ted. Partial results, which are intermediate be¬ 

tween the data and final results, such as the values of tan oj 

cos sin « sin <5, etc., are shown in broken lines. The reduc¬ 

tion is made from the mean place on January 0, 1895, to its 

apparent place on June 9, 1895. 

The position of the star is (taking the nearest half minute 
in «): 

Right ascension — a = 16h 33m.5. 
Declination = S = 53° 7'. 

First term.—To get a' A = 20T05 cos a x A (see plate 8). 

We seek the value of a in the quadrant marked (a and d) and 

read at once the value of 20.05 cos « or F G on the outer one 
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of the arcs. The negative sign before 16 indicates that the 

cosine of the right ascension is minus. This quantity, which 

is — 7.38, is to be multiplied by the value of A on June 9. 

On this date we see, by inspection of plate 7, that A equals 

+ 0.507 X 10 or the line HI. In order to multiply the two 

lines F G and H I, I is projected to J. The point J is the 

intersection of a horizontal line through I and a vertical line 

at a distance of 10 units from the origin 0. The point of 

intersection of the vertical through G and the line J 0 de¬ 

termines the length of the line KL, which is equal to F G 

multiplied by HI, or 20.05 cos a X i; therefore a' A = 

Star No. 1381.—Catalogue of Stars for Observations of Latitude. 

(Report of U. S. Coast and Geodetic Survey for 1876, Appendix No. 7.) 

Reduction from mean to apparent declination. 

Log. No. 
a= 16h 33m 41s = 248° 25' sin a = 9.9684n — 0.930 
d = 53° V cos a = 9.5657n — 0.368 

sin d = 9.9030 +0.800 
cos d — 9.7783 +0.600 

Terms 

a/ 

20,052 cos a 

b' 

— sin a 

c' 

tan uj cos d 

— sin a sin d 

d' 

cos a sin d 

Logs Logs Logs Logs Logs 

Computation. 
1.3022 
9.5657n 

9.6373 9.9684n 
9.7783 9.9030 

9.5657n 
9.9030 

Log a/ V c/ d/. 0.8679n 9.9684 

9.4156 9.8714n 
0.2604 0.7437 

+ 1.004 
0.0017 9.4687n 

“ A B C D. 9.7055 0.9215n 0.5521n 1.3026n 

0.5734n 0.8899n 0.5538n 0.7713 

Nos ..a'A,b'B, c'C,d'L>. — 3.74 — 7.76 — 3.58 + 5.91 

For June 9: 

Nos. a' b' c' d' .... — 7.38 + 0.930 + 1.004 — 0.294 
“ ABC D. + 0.508 — 8.35 — 3.57 —20.07 



GRAPHIC REDUCTION OF STAR PLACES. 169 

— 3.74, agreeing with the logarithmic computation previ¬ 

ously given. This follows from the proportion 

or 
Hence 

h J: h 0 :: L K: L 0 
HI: 10 :: L K: F G. 

L K = HIX FG 
10 

which gives L K in correct units, since the value of A, or 

0.507, was plotted on a scale 10 times its true value. 

When a number of stars are to be reduced for the same 

date, the point J applies to all, and the values of a'A for the 

separate stars are the vertical lines included between the 

axis of abscissas and the line J O. The lines are, of course, 

vertically under the points on the arc corresponding to the 

right ascensions. 

For the sake of uniformity in the process of multiplication, 

the day numbers A, B, C, D are always projected to the ver¬ 

tical scale at the right when finding the products a' A, b' B, 

c' C, d' D. It is evident that the same result would ensue 

by projecting the star numbers a', b', c', d' to the horizontal 

scale at the top, drawing the radial line and measuring the 

intercept obtained by projecting the day numbers to the left. 

For example, if G is projected to m" and m" O is drawn it 

will intersect the line //prolonged, in K", giving L" K" = 

— 3.74, as before. The algebraic proportions may be written 

out similarly to those above. If G is projected to m' and 

the line m' O is drawn it will intersect the line Jf I' pro¬ 

longed, in K' giving L' K' = — 3.74, as before. To avoid 

confusion with lines already given in the figure G m' and 

m' O are not drawn. 

Without writing out the proportions it is quite evident 

that in the triangle 

so that it is equal to 

L’ K' O the line U K' is ^ of L’ 0, 

of (2 X 5.05). Likewise in the tri- 

angle L” K” O the line L" K" is O,and is there. 
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7 38 
fore HP of 5.05; both of these being equivalent to the first 

construction, viz., 7.38 X 0.505. 

In cases where the value of 20.05 cos a is represented by 

a line longer than ten units, extrapolation is avoided by 

plotting on a scale twice as large as that just used, which 

would make the point I fall at I'. I' is then to be projected 

to J', and the value of a' A is, as before, —3.74. If A is 

plotted on this scale nearly every value of 20.05 cos « will be 

shorter than the horizontal distance between 0 and the point 

to which I' is projected, or J', and the values of a' A will be 

vertical lines lying between J' and the center, so that the 

only extrapolation resorted to is that for values of a' between 

20.00 and 20.05; but no sensible error would be introduced 

by following the first construction. 

The scale at the left or right gives the result in correct 

units. This follows from the proportion 

H’JH' O: : L K: LO 

or HI' : H' O :: L K: F G, as previously given. 

Hence 

r V_HI'XFG= (0.505 X 20) (— 7.38) = - 0.505 X 7.38. 
H' O 20 

Second term.—To get V B = — sin ax B (see plate 8). 

In this case we make use of the inner quadrant or the one 
described with a radius 20. 

Find the right ascension in the quadrant marked {b and c). 

The sine for radius 20 is equal to M N or — 0.930 X 20. 

The value of B on June 9 is HP or — 8.35. Project P to Q. 

The intersection of the vertical line through IVwith the line 

O Q gives the point P, and the distance R S, read from the 
scale, gives 7.76, which is the value of sin ax B. 

In actual work the thread being held at Q and the point N 

being selected by inspection, the position of P and its value 

on the scale are read off at sight without either drawing 
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lines or writing figures. This advantage, of course, applies 

to all determinations by this method. 

We have the proportion 

or 

H' Q : H' 0 : : S R : S 0 

HP: H 0 : : SR: M N. 

Hence 

qj?_HPX MN _ (— 8.35) (—0.930 X 20) _ , 7 
WO 20 + Mb- 

The value of b' B is then — 7.76. 

As in the case of a' A, all reductions for stars on June 9 

have one point in common (here Q)> and the values of 

sin a X B will appear as vertical lines included between the 

line Q 0 and the axis of X. 

In giving the values of the trigonometrical functions the 

factor 20 is always written, as that is the number of units 

in the radius. The natural value of the function is, of 

course, the first factor. 

Third term.—To find c C= (tan o> cos d — sin a sin S') O, (see 
plate 8). 

Here oj = 23° 27'== obliquity of ecliptic 

and tan a> = 0.434 

We first find the second term of the parenthesis. By the 

same construction as was used for bf B the sine of « is 

— 0.930 X 20 = MN. The sine of 9 is T For +0.800 X 20. 

These quantities must be multiplied in such a way that the 

product is a horizontal line, viz., by projecting N to U and 

noting the point where the line U O intersects the horizon¬ 

tal line through V. The line X Y is equal to —14.88 or 

— 0.744X20. We therefore have for the second term of the 

parenthesis on the actual scale 

sin a sin d — —0.744 X 20= —14.88. 

24—Bull. Phil. Soc., Wash., Vol. 13. 
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This follows from the proportion 

q U:q 0::XY :XO 

or MN:q 0 :: X Y: T V. 

Hence 

y y _M N X T V __ sin a sin d (— 0.930 X 20) (0.800 X 20) 
qO ~ qO | 20 

= — 0.744 X 20 = —14.88. 

We now find the first term of c' =■ tan w cos d. The co¬ 

sine of * is X For + 0.600 X 20 = 12.00. Project V to W; 

draw O W. Where this intersects the horizontal line through 

Z determines the distance Z E, which is 

tan o) cos d or + 0.260 X 20 = + 5.20. 

The sum of the two terms of c' is therefore (5.20 + 14.88) or 

1.004 X 20 = 20.08. The distance Z O is 20 times the natural 

tangent of the obliquity of the ecliptic, and the line through 

Z is drawn once for all, as it is common to all the stars. In 

order to have the two terms of c' on the same scale, Z is 

taken at a distance from the axis of X of 20 X 0.434 = 8.68. 

So that we have the proportion 

q W : q O : : ZE : ZO 

or X V: q O : : Z E : tan w X 20. 

Hence 

Z E = X Vtan - - — = (Q,60Q x 20-> (tanco X 20) 
q O 20 

= 0.600 X 0.434 X 20 == 0.260 X 20. 

The value of Z E is laid off on the prolongation of X Yy 

giving the point A, where 

XA = X F+ YA = (0.260 + 0.744) X 20 = +1.004 X 20; 

the first term of the value c'C being positive and the second 
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term negative, their difference is + 20.08. This is to be 

multiplied by the value of C on June 9, which is —-3.57 ; 

project B to C; draw C 0. Where the vertical line through 

A meets C 0 prolonged gives the point D and the line D D' 

is the product c' C or (tan <o cosd — sin « sin <?) X C or —3.59. 

This follows from the proportion 

Hf Q : H’ 0 : : D' D : U 0 

or HE : H' 0 : : D' D : XA. 

Hence 

ry n HB X X A —3.57 (1.004 X 20) Q KQ 

D D ~ H’ 0 ~~ 20 “ 

If sin a sin $ is positive, the value of Z E is laid off to the 

left of Y, the construction being otherwise the same. 

Fourth term.—To find d! D = cos a sin d X D (see plate 8). 

Seeking the right ascension in the quadrant marked (a and 

d) we find cos a for radius 20 to be f g or — 0.368 X 20. This 

must not be confounded with — 0.369 X 20, which is on the 

same scale the value of 20.05 cos a and which is measured on 

the outer circle. The sine of d is TV or 0.800 X 20. Project 

g to m. Where the line m O intersects the line X Valready 

drawn, determines the point n. X n is then the value of 

cos a sin o or — 0.294 X 20 = — 5.88. 

We have 
qm : q 0 :: Xn: X 0 

or / g : q O :: X n : T V 

Hence 

jr _fgXTV_(- 0.368 X 20) (+ 0.800 X 20) _ 
qO 20 

-0.368 X 16.00= —5.88. 

The line Xn is now to be multiplied by — 20.07, the value 

of D on June 9, which we find equal to the line Hp. 
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Project p to a; draw a 0. The intersection of a 0 with a 

vertical line through n gives the point t, and we have r t 

equal to cos « sin d X D or to + 5.91. 

We have 
H' a: Hf 0 :: r t : r 0 

or H p : H' 0 :: rt : Xn. 

Hence 

r f Hp X Xn (— 20.07) (— 0.294 X 20)  , K Q1 
rt-WO 20--+ b-yl- 

Reductions in Right Ascension (see plate 9). In the reduc¬ 

tions for right ascension the curves for the day numbers 

A B CD are used as already plotted, and the star numbers 

are so constructed that the lines representing a, b, c, d, fall 

horizontally. 
This may be readily effected, since they all depend on at 

least three quantities, and these may be multiplied in such 

a way as to give the resulting line either desired direction. 

The inner quadrant already drawn holds good for the 

right ascensions, as already used for declinations. In seek¬ 

ing the trigonometrical functions of d, however, the degrees 

count in the opposite direction ; to facilitate this, each de¬ 

gree has its complement written opposite. 

In finding the values of a and b, it is necessary to use the 

value of tan d. This is obtained, where the declination is 

less than 45°, from the horizontal line at a distance of 10 

units from the origin. A line drawn from the given degree 

to the point O intersects it at a vertical distance from the 

origin equal to ten times the natural tangent of the angle. 

This construction gives us three units in the value. We 

may now proceed to the final result by using this value, or 

two units may be employed and the construction carried 

forward on the scale used for arcs beyond 45°. Both these 

methods will be indicated later. 
For comparison, the usual logarithmic computation is 

here given. 
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Star No. 1381.—Catalogue of Stars for Observations of Latitude. 

(Report of U. S. Coast and Geodetic Survey for 1876, Appendix No. 7.) 

Reduction from mean to apparent right ascension. 

Log. N 
a = 16h 33m 41s = 248° 25/ sin a — 9.9684n = — 0.930 
d = 53° 7/ cos a - 9.5657n = — 0.368 

tan $ = 0.1247 = + 1.33 
» sec £ = 0.2217 = + 1.67 

Terms 

a 

38.073 + 1.337 
X sin a tan d 

b 

cos a tan d 

c 

cos a sec d 

d 

sin a sec 8 

15 15 15 

Log 1.337. 0.1261 
“ sin a..... 9.9684n 
“ tan d. 0.1247 

Sum logs. 0.2192n 
No. —1.656 
No . 3.073 8.8239 8.8239 8.8239 
sum. 1.417 9.5657n 9.5657n 9.9684n 

0.1247 0.2217 0.2217 
Logs a b c d.. 0.1514 8.5143n 8.6113n 9.0140n 

“ A,B,C,D. 9.7055 0.9215n 0.5521n 1.3026n 
“ a A, b B, c C, d D.. 9.8569 9.4358n 9.1634 0.3166 

Nos. “ “ “ “ .. + 0.719 + 0.273 f 0.146 + 2.073 

A B C D. + 0.507 — 8.35 — 3.57 —20.07 

Construction of Auxiliary Lines.—In order to find the tan¬ 

gents from 0° to 45° the lineup is used. These values may 

be reduced either graphically or mentally. For values of 

the declination between 45° and 87° the tangents are read 

from the lines t, t', t", t"', and tiv of plate 7. The method 

of construction enables us to find the values for every min¬ 

ute of arc. The curve t applies to declinations from 45° to 

50° ; t' extends from 50° to 60°, etc. The units in the degrees 

are given by the vertical scale, and each small square repre¬ 

sents vertically 6 minutes of arc. The tangents are the hori¬ 

zontal lines included between the axis of ordinates and the 



176 PRESTON. 

respective' curve—e. g., the tan of 68° is 2.48, the tan of 85° 

is 11.43, etc. 

The secants which are necessary in finding the values of 

c and d are obtained from the curves S', S", S'", etc. To 

facilitate their multiplication by sin « and cos «, the curves 

are drawn so that the secants are vertical lines and count 

from the axis of abscissas. From 45° on they are found in 

a similar manner to the tangents, but below 45° the curve 

S is used, which gives three places with sufficient accuracy. 

Referring to the case before cited, where the tangent of an 

angle less than 45° is to be employed, let us suppose the case 

where d = 25°. The tangent by the construction already 

indicated would be found (plate 9) on the line j p at p', 

where j p' — 0.466. 

If we only desire two places, instead of reading the value 

from the lineup it may be read from the horizontal line at 

a distance of one unit from the axis of abscissas and we get 

0.47. This being on the same scale as the tangents beyond 

45°, the subsequent proceeding is in every way similar. 

Should three places be desirable, project p' to p". Then 

p" p'" = 10 X sin a tan 8 = 4.33, and the true value of 1.337 

sin a tan 8 required in the construction of a A will be found by 

projecting^" to the axis of ordinates, and thus determining 

the line piypy — 0.58, j ¥ being made=j o X 0.134. 

The same result by an analogous construction follows by 

taking both tan 8 and the factor 1.337 in their true propor¬ 

tion. This is not shown in the figure, to avoid a multiplicity 

of lines and letters. It may be added, however, that inas¬ 

much as the trigonometrical function by which tan 8 is multi¬ 

plied can never exceed unity, two places are sufficient for 

small values of 8, and especially in view of the fact that in 

the quantity ad we have the factor A, wliich is small, and 

in b B the quantity 15 appears in the denominator, both 

tending to reduce the number of necessary places. 
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First term.—To find a A = (3S.073 + Is. 337 sin a tan 3) X A (see 
plate 9). 

The tangent of 53° 7' is the line cd — 1.33. In order to 

verify this value reference must be had to plate 7; but in 

the regular work the determinations are made on the same 

sheet on which the curves are drawn. The sine of 16h 33m.5 

is a b = — 0.930 X 20. Project b to f and draw / o. The 

vertical line g h, at a distance from the axis of ordinates 

equal to c d and included between the line / o and the axis 

of abscissas, is the product of sin a tan 3, or 1.24. 

This follows from the proposition 

Hence 

or 

gh = 

e f: e o :: g h : g o 
ab : eo ::gh :cd 

ab x cd — 0.930 x 20 x 1.33 
= 20 

= — 1.24. 

Draw k o so that j k = 1.337 times / o. The horizontal line 

l m, passing through the point h and included between the 

axis of ordinates and the line k o, is therefore equal to the 

quantity 1.337 sin a tan 3, or —1.66. This follows from the 

fact that in the triangle / o k each abscissa is 1.337 times the 

corresponding ordinate. The total value of the quantity 

within the parenthesis, or a, is therefore 3.07 — 1.66, or 
d- 1.41. 

This quantity is to be multiplied by the value of A on 

June 9, or 0.507. The necessary lines for the multiplication 

of this quantity by any factor have already been drawn in 

the case of the declinations, and in actual work their appli¬ 

cation to the right ascensions is directly made without new 

construction. The method is as follows: The value of A 

projected to the line p n gives the point q, and a vertical line, 

r s, included between q o and the axis of abscissas, and at a 

distance from the origin equal to 1.44, gives the value of a A, 

or + 0.71. 

We therefore have 

a A = (3S.073 + ls.337 sin a tan 3) x A = + 0S.71. 
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Second term. -To find b B = -—cos a tan 8 X B (see plate 9). 
lo 

The cosine of a is the line u v = — 0.368 x 20. The 

tangent of 8 is cd=og== 1.33. Project v to v' and draw 

v' o. The intersection of this line with the vertical through 

d gives the point s'. We then have g s' — cos « tan 8 = 

— 0.49. Draw ox so that j x — x j o. The intersec¬ 

tion of a horizontal line through s' with the line x o gives 

0.33. The value the point s" and s" y =-^9 cos a tan 8 = 

of B on June 9 is — 8.35. This distance laid off on the 

line p n, or, which is the same thing, the ordinate for June 9 

being projected to the vertical at a distance of 10 units from 

the origin, gives the point Z. The intersection of a vertical 

line through s" with the line Zo gives the point Z' and the 

distance 

Z' Z" =~K cos cl tan 8 x B = -f- 0.27. 
10 

The object in laying off j x — j o is to secure one 
JLo 

more decimal place in the value of b. The correct value in 

the final result is obtained in the multiplication by B, since 

the construction gives us of cos a tan 8. 
JLUUO do 

The line x o is used in the construction of c G and d D as 

well as b B. 

Introducing the factor ^ serves the double purpose of 
To 

giving one more decimal place, thus increasing the accuracy, 

and also of restoring the final result to the correct scale after 

multiplying by B. 

Third term.—-To find c C — — cos a sec 8 X C (see plate 9). 

The secant of the declination is the line A B = sec 53° 7' 

= + 1.67. For verification see plate 7. The intersection of 
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a horizontal line through B with the line x o already drawn 

gives A' B', which is 

10 i in —~sec o = 1.11 
15 

cos a = — 0.368, as before. 

Project B' to B". 

The intersection of a horizontal line through v with the 

line B" o gives the distance A" 

= cos 0* sec $ — — 0.408. 
15 

The value of C on June 9 is — 3.57. 
The intersection of a vertical line through the extremity 

of A" with the line V"o determines the line p, which is 

equal to 4- 0.15. 

Hence P = ^?cosa sec d X C — + 0.15. 

As in the case of b B, the true value of the last result is 

given by multiplying finally by 0.357 instead of 3.57; this 

corrects for the artifice employed of magnifying the first 

partial result, viz., ~ sec S, in order to secure one more deci¬ 

mal place. In the case of c C, since both cos a and sec d are 

vertical lines, the latter is multiplied by in order to 

change its direction and thus facilitate its multiplication by 

cos «. 

Fourth term.—To find d D = sin a sec 8 X D (see plate 9). 
15 

As in the previous case, we have ^ sec d = A' B' = 1.11, 

and by previous construction sin a~ a b~ — 0.930 X 20. 

25—Bull. Phil. Soc., Wash., Vol. 13. 



180 PRESTON. 

The intersection of a horizontal line through b with the 

line B"o gives the line M N, by which we have 

M N = J? sin a sec $ = — 1.03. 
15 

The value of D on June 9 is — 20.07. 

This value is projected to a vertical line at a distance of 

10 units from the axis of ordinates, thus correcting for the 

factor 10 introduced in the value M N. 

A vertical line through N intersects the line N'o at a 

distance M' pf = 2.07 from the axis of abscissas, and we 
have finally 

M' P' — ~ sin « sec $ X D = -f 2.07. 

Attention may be called, in conclusion, to the striking 

manner in which the principal characteristics of the values 

A, B, C, and D are brought out in the graphic representa¬ 

tions. By reference to plate 7 it will be noticed that both 

A and B have two large maxima and minima during the 

year. In addition to this, each curve is marked by a number 

of smaller maxima and minima. C and D, being dependent 

on the cosine and sine of the sun’s longitude, present but one 

maximum and one minimum. 

The general increase of A is the result of the term depend¬ 

ing on the sine of the longitude of the moon’s ascending 

node, combined with the value of t, which increases much 

more rapidly than the sine term decreases. The term de¬ 

pending on twice this function being of the opposite sign 

would tend to diminish this effect, but as it is only about one 

per cent of the first term its influence is barely perceptible. 

The general decline of B, negatively, is caused by the cosine 

of the function mentioned, and is seen to be about three- 

fourths of one second, as the formula requires. As in the 

case of A, the function depending on the double angle modi¬ 

fies this to some extent. 

The two major maxima and minima in both A and B are 

produced by the terms depending on twice the sun’s true 
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longitude, the double angle accounting for the four appear¬ 

ances of the extreme values. It will be noticed that the 

range in A is about 0.05 and in B about 1", as demanded 

by the formula. In this connection it should be remem¬ 

bered that A is plotted on a scale 10 times its true value. 

The minor maxima and minima in A and B show the 

effect of the term depending on the moon’s mean longitude. 

The range for A is about one-half as much as that for B. 

There are twenty-seven maxima and minima during the 

year in each curve, which corresponds to twice the moon’s 

motion. 
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CHEMISTRY IN THE UNITED STATES. 

BY 

F. W. Clarke. 

THE ANNUAL PRESIDENTIAL ADDRESS, 

DELIVERED 

December 12, 1896. 

In the history of science, from whatever point of view we 
may consider it, the several branches develop according to a 
natural order. The more obvious things attract attention 
first, the less obvious are recognized later. Plants, animals, 
stones, and stars are studied even by savages, but the hidden 
forces of nature, governed by laws which can be utilized for 
man’s benefit, escape discovery until civilization is far ad¬ 
vanced, and even then are revealed but slowly. At first 
each department of knowledge is purely empirical, a mass of 
facts without philosophical connection; but sooner or later 
speculation begins, the scattered evidence is generalized, and 
an organized science is born. The study of concrete facts, 
the recognition of our surroundings, precedes the study of 
relations. 

Among the sciences chemistry is one of the youngest. As 
an organized branch of systematic knowledge it has little' 
more than completed its first century. Before the time of 
Robert Boyle it was hardly better than empiricism. At first 
a few scattered facts were recognized, involving transforma¬ 
tions of matter. Some of these were applied in the arts, as 
in metallurgy and in medicine, and their generalization led 
simply and naturally into alchemy, with its search for the 

26-Bull. Phil. Soe., Wash., Vol. 13. (183) 
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philosopher’s stone, the universal solvent, and the elixir of 

life. There was no chemistry in the modern sense of the 

term, but only a group of visionary speculations which fore¬ 

doomed their devotees to failure. In these failures, however, 

Truth revealed herself, discoveries were made other than 

those which were expected, and the foundations of a new 

science were laid. It was more than forty years after the 

landing of the Pilgrims at Plymouth when Boyle announced 

the true definition of a chemical element, and the discovery 

of oxygen was not made until over a century later. The 

history of modern chemistry and the history of the United 

States begin at nearly the same time. 

In America, as in the world at large, the development of 

science followed along the natural lines. A new country had 

no time for abstractions, such as chemical studies were in the 

early days, and only the more obvious branches of investiga¬ 

tion received much notice. Botany and zoology flourished to 

some extent, and even mineralogy had able students; for the 

resources of an unexplored continent could not be ignored. 

Astronomy, too, was somewhat cultivated, but because of its 

usefulness in the measurement of time and in navigation, 

rather than for its interest as an intellectual pursuit. The 

practical side of science was necessarily and properly fore¬ 

most, and this fact is nowhere more apparent than in the 

physical researches of men like Franklin and Rumford. The 

obvious and the useful came first; philosophy, theory, might 

wait until men had more leisure. So, while chemical dis¬ 

coveries were rapidly multiplied in Europe, little advance¬ 

ment could be recognized here. Even that little wTas utili¬ 

tarian, and chemistry in this country was first brought into 

general notice through its relations to medicine and phar¬ 

macy and through the agency of medical schools. 

Prior to the year 1769 chemistry had no independent ex¬ 

istence in the work of American colleges. It was taught, if 

indeed it was taught at all, only as a subordinate branch of 

natural philosophy. But in the year just named Dr. Benja¬ 

min Rush was appointed to a chair of chemistry in the medi- 
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cal department of the University of Pennsylvania, an event 

which marks the first recognition of the science in the United 

States by any institution of learning. Other medical schools 

soon followed .the example thus set, and chemistry took its 

place as a regular subject for study. Rush, however, wms not 

specifically a chemist; he had indeed been a pupil of Black 

in Edinburgh; but he carried out no chemical investiga¬ 

tions, and added nothing to the sum of chemical knowledge. 

His high reputation was won in other fields, but as the first 

professor of chemistry in America he occupies a historical 

position. 

In 1795 the trustees of Nassau Hall, now Princeton Univer¬ 

sity, elected Dr. John Maclean professor of chemistry. Other 

colleges soon followed the lead of Princeton, and within a 

very few years chemical science was well established as a dis¬ 

tinct branch of study in many American institutions. The 

teaching, however, was wholly by textbooks and lectures, the 

laboratory method wTas unknown, and the teacher commonly 

divided his attention between chemistry and other themes. 

There were professors of chemistry and natural philosophy, 

of chemistry and natural history, but rarely, if ever, professors 

of chemistry alone. Moreover, little time was given to the 

subject; the classics and mathematics overshadowed all other 

studies, and the pupil learned hardly more than a few scat¬ 

tered facts and the barest outline of chemical theory. When 

we note that today Harvard University employs twenty-two 

persons—professors, assistant professors, instructors and as¬ 

sistants—in chemistry alone, we begin to realize the great 

advance which has been made in the teaching of science since 

the days of Maclean, Hare, and the elder Silliman. 

In 1794 Joseph Priestley, the famous discoverer of oxygen, 

driven from his English home by religious persecution, sought 

refuge in America. He took up his abode at Northumber¬ 

land, in Pennsylvania, where he died in 1804, and where his 

remains lie buried. His coming greatly stimulated the grow¬ 

ing interest in chemistry upon this side of the Atlantic, for 

Priestley entered at once into close relations with many 
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American scholars, and took an active part in the work of 

the American Philosophical Society at Philadelphia. At 

Northumberland he completed his discovery of carbon mo¬ 

noxide, and made some of the earliest experiments upon gas¬ 

eous diffusion; but unfortunately much of his time was de¬ 

voted to theory, and to defending, against the attacks of 

Lavoisier’s followers, the moribund doctrine of phlogiston. 

Priestley’s discovery of oxygen was the corner-stone of chemi¬ 

cal science; but the discoverer, great as an experimentalist, 

was not successful as a philosopher, and he never realized 

the logical consequences of his achievement. To the day 

of his death he opposed the new chemical philosophy, and 

clung to the obsolete ideas of an earlier generation. 

During the first quarter of the present century the prog¬ 

ress of chemistry in the United States was slow. It is not 

my purpose to discuss in this address the details of its ad¬ 

vancement, for that work has already been exhaustively done 

by another; * still, several events happened which deserve 

notice here. First, Robert Hare, in 1802, invented the oxy- 

hydrogen blow-pipe. With that instrument, in following 

years, he succeeded in fusing platinum, silica, and about 

thirty other refractory substances, which had hitherto re¬ 

sisted all attempts at liquefaction. But few men have given 

a greater extension to our experimental resources. The cal¬ 

cium light and the metallurgy of platinum are among the 

direct consequences of Dr. Hare’s invention. Secondly, in 

1808, Professors Silliman and Kingsley, of Yale College, 

published their account of the meteorite which fell at Weston, 

Connecticut, the year previous. This paper attracted wide¬ 

spread attention, and drew from Thomas Jefferson the oft- 

quoted remark, “ That it was easier to believe that two Yan¬ 

kee professors could lie than to admit that stones could fall 

from heaven.” The analysis of the meteorite was the work 

of Silliman, and was among the earliest of its kind. It was 

* Benjamin Silliman, Jr. “American Contributions to Chemistry.” 

American Chemist, August, September, and December, 1874. An ad¬ 

dress at the “ Centennial of Chemistry. 
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done with appliances such as a modern high school would 

despise, and without the aid of any manual of analytical 

chemistry ; and its merit is due partly to the fact that it was 

well done, and partly to the w§y in which great difficulties 

were overcome. In weighing the work of the early investi¬ 

gators we must remember that they lacked the resources 

which are so easily commanded nowadays, and that the 

methods of research had not been reduced to system. Their 

success was in spite of disadvantages which would baffle most 

men, there was less encouragement than now in the way of 

popular applause, and their efforts are therefore all the more 

praiseworthy. Today scientific investigation is an estab¬ 

lished art, its ways are well worn and well trodden, and 

although the highest achievements are as difficult of attain¬ 

ment as ever, even a beginner may hope to accomplish some¬ 

thing. 

During these early years much attention was paid by 

American chemists to the study of minerals, for rich new 

fields were open; and in 1810 Archibald Bruce began the pub¬ 

lication of “ The American Mineralogical Journal,” of which 

four numbers were issued. This was probably the first at¬ 

tempt to publish in this country a magazine devoted entirely 

to science and supported wholly by native contributions. 

As early as 1811 there was a Columbian Chemical Society in 

Philadelphia, and in 1813 a volume of its “ Memoirs ” ap¬ 

peared. In 1817 the “ Journal of the Academy of Natural 

Sciences of Philadelphia ” was started, and the next year saw 

the birth of Silliman’s “American Journal of Science.” The 

last-named periodical, a classic among scientific serials, was 

for sixty years the chief organ of American chemistry, and 

even yet, despite the rivalry of more specialized journals, it 

contains a fair proportion of chemical contributions. The 

first American to publish a systematic treatise on chemistry 

was Professor John Gorham, of Harvard College, whose “ Ele¬ 

ments of Chemical Science,” in two octavo volumes, appeared 

in 1819. The work was well received, and was an excellent 

one for its day. 
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The period from. 1820 to the outbreak of the civil war was 

one of steady progress in America, both as regards scientific 

research and in the development of institutions. Colleges 

were founded, societies were organized, there were better facili¬ 

ties for work, and the general appreciation of science became 

greater; but, for the reasons which were stated at the begin¬ 

ning of this address, the so-called natural sciences rather took 

the lead, and there was more activity among geologists and 

zoologists than in the field of chemistry. Many States or¬ 

ganized surveys, the General Government sent out exploring 

expeditions, and so geology and natural history received a 

patronage in which chemistry had little or no share. The 

chemists were mainly dependent upon their own resources 

and got along as best they could. Still, their number in¬ 

creased, their published investigations became more numer¬ 

ous, and their services were in greater demand both commer¬ 

cially and in the work of instruction. 

At first the would-be chemist had to make his own path¬ 

way. Chemistry was taught in the colleges, not as a profes¬ 

sion to be followed, but as a minor item in that ill-defined 

agglomeration of knowledge which in those days was called 

“ a liberal education.” In 1824, however, the Rensselaer 

Polytechnic Institute, at Troy, was founded, and a new era 

in scientific education began. In 1836 Dr. James C. Booth 

opened a laboratory in Philadelphia for instruction in prac¬ 

tical and analytical chemistry, and in 1838 Professor Charles 

T. Jackson did the same thing in Boston. Chemistry could 

now be studied in something like a systematic manner, but 

the students who were able to do so went abroad, at first to 

London, Edinburgh, and Paris, and later to the famous labo¬ 

ratory of Liebig, in Germany. The impulse toward foreign 

study continues to our own day, even though American 

facilities have increased enormously and a good chemical 

training can now be obtained at home. 

The decade from 1840 to 1850 was a period of great ad¬ 

vancement in American science, and several events of the 

utmost importance occurred. In 1829 James Smithson, an 
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Englishman, bequeathed his property to the United States 

to found in Washington “ an institution for the increase and 

diffusion of knowledge among men,” and in 1846 his project 

was realized. The Smithsonian Institution was established; 

and under the direction of Joseph Henry it became at once 

a center of scientific influence and activity. Smithson, it will 

be remembered, was a chemist and mineralogist, and it was 

therefore eminently proper that the institution which bore 

his name should from the very beginning maintain a chem¬ 

ical laboratory. Furthermore, in the earlier years of its 

history the institution provided several courses of popular 

lectures upon chemistry; it has subsidized some chemical in¬ 

vestigations, has published original researches, and it has 

issued a number of useful works in the way of special re¬ 

ports, volumes of physical constants, and bibliographies. 

Although its energies have been more conspicuously exerted 

in the fields of zoology, anthropology, and meteorology, it has 

done much for chemical science. The subjects which inter¬ 

ested its founder have never been neglected. In the history 

of American chemistry the Smithsonian Institution plays an 

honorable part. 

In 1847 and 1848 the Sheffield and Lawrence scientific 

schools were founded, the one at New Haven, the other under 

the protecting shelter of Harvard College. In the one, chem¬ 

istry was taught by J. P. Norton and the younger Silliman, 

while Horsford conducted the laboratory at Cambridge. The 

much older Polytechnic Institute at Troy had developed 

mainly as a school of engineering, so that the two new insti¬ 

tutions practically stood by themselves as the only higher 

schools of chemistry—schools in which professional chemists 

could receive a thorough training—within the limits of the 

United States. Their influence soon began to be felt, their 

graduates went forth to take important positions, the stimulus 

to scientific studies spread to the colleges, and the chemist 

became recognized as the representative of a new learned 

profession. Law, medicine, and divinity no longer formed a 

class by themselves; other branches of scholarship were- to 
take rank with them. 
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In 1846 Agassiz came to America, bringing with him the 

research method as a method of education. Himself a zoolo¬ 

gist, his influence as a teacher was evident in all directions, 

and chemistry shared in the new impulse. There were many 

pupils of Liebig and Wohler in the United States—men well 

imbued with the spirit of the new education—and to them 

the coming of Agassiz was a reinforcement and an inspira¬ 

tion. The old college curriculum was compelled to expand, 

and the true conception of a university began to be recog¬ 

nized on this side of the Atlantic. In 1848 the American 

Association for the Advancement of Science was organized, 

and science received a national standing which the local 

academies and societies could never have given it. The in¬ 

fluence of the Association upon chemistry will be considered 

later. 

In 1850 Josiah P. Cooke was elected professor of chemistry 

in Harvard College. He had received his bachelor’s degree 

only two years earlier, and during his student days no chem¬ 

istry had been taught to Harvard undergraduates. Practi¬ 

cally self-taught, and largely through the medium of experi¬ 

ments, he realized the value of the laboratory method of 

instruction, and in spite of conservative opposition he set to 

work to bring about its adoption. He was allowed at first 

the use of one basement room for his purposes, but was com¬ 

pelled to pay all or nearly all of the laboratory expenses out 

of his own pocket; for the college funds could not be wasted 

on strange innovations, and the recitation method still 

reigned supreme. Professor Cooke, however, understood how 

to be patient and persistent at the same time. Year by year 

his courses of study were extended, by slow degrees his re¬ 

sources increased, and in 1858 Boylston Hall, the present 

laboratory building, was completed. At first, part of the 

building only was assigned to chemistry, now all of it is de¬ 

voted to the teaching of that science. It is truly a monument 

to Professor Cooke, whose energy and persistence caused it 

to be erected, and to whom more than to any other one man 

the full recognition of the laboratory method in American 
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colleges is due. The initiative was taken by the scientific 

schools, but the colleges were compelled to follow, and today 

even the high schools, the feeders of the colleges, have their 

chemical laboratories, in which elementary practice and 

qualitative analysis are taught. Chemistry is now seen to 

be one of the best disciplinary studies, and it fails in educa¬ 

tional value only when the teaching of it is entrusted to im¬ 

properly trained pedagogues of the obsolete text-book school. 

The teacher who is a slave of text-books is as bad as no teacher 

at all. To teach chemistry one must think chemistry; a 

mere memory of facts is not a sufficient qualification. 

Leaving out of consideration the names of many American 

chemists who published important researches during this 

period of our history, for personal details would not be in 

place here, we come down to the date of the civil war, which 

marks an epoch in more senses than one. In science as 

well as in politics, the war divides American history into two 

periods—the one a period of preparation and slow growth, 

the other a period of swift advances and fruition. Through 

the war the nation had received a sharp stimulus, and the 

reestablishment of peace was followed by wonderful progress 

in many directions. Population and wealth increased with 

great rapidity, and in due time that wealth began to flow 

into educational channels. The nation itself embarked in 

many new enterprises; these demanded the aid of science, 

and so the latter received encouragements which its students 

had hardly dreamed of before. Even during the war the 

land-grant college bill was passed by Congress, and soon 

every State was provided with new facilities for scientific in¬ 

struction, and the demand for trained teachers was greatly 

increased. The foundation of Cornell University, which 

opened its doors to students in 1868, was one of the conse¬ 

quences of this bill. In 1864 the School of Mines of Colum¬ 

bia College began its work; in 1865 the Massachusetts In¬ 

stitute of Technology was started; and these were followed 

by the Polytechnic School at Worcester in 1868, and the 

Stevens Institute at Hoboken in 1870. Even the older 

27 -Bull. Phil. Soc. Wash., Vol. 13. 
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schools of science developed more rapidly, and in the Law¬ 

rence Scientific School particularly the research method of 

instruction was pushed into great prominence by Wolcott 

Gibbs. Hitherto our professors of chemistry had been com¬ 

monly content with teaching what was already known, but 

under Gibbs the student was taught to think and to discover. 

Training in the art of solving unsolved problems became a 

part of the school curriculum. This phase of chemical edu¬ 

cation was brought into still greater prominence some years 

later in the laboratory of the Johns Hopkins University, and 

now it is well-nigh universal. Original research, once an 

occasional feature of American college work, is now empha¬ 

sized in all of our better universities, and the student’s thesis 

outweighs his examination in importance. At first, as was 

but natural, our educational system was modeled after that 

of England, with Oxford and Cambridge as the shining ex¬ 

amples to follow. Here, as there, the passing of examina¬ 

tions was the one supreme test of scholarship; but the growth 

of science in Germany attracted our better students thither, 

and they returned full of the modern doctrines. The Ger¬ 

man graft upon our English stock has made our universities 

what they are today; and now the man who can increase 

knowledge is more highly esteemed than him who merely 

knows. The knowledge which is fruitful outranks the sterile 

culture whose end is in itself. In all departments of learn¬ 

ing, education has become more vital, more of a living force; 

and in this great movement forward the chemist has been a 

leader and a pioneer. 

For many, many years the chemists of America were un¬ 

organized, a thousand scattered units, each doing what he 

could as an individual, but with no bond of union other than 

that of a common interest. Here and there chemical societies 

were founded, to last for a year or two and then perish for 

lack of proper support. They were local experiments, noth¬ 

ing more, and no list of them could be made. In the more 

general societies, like the American Academy in Boston and 

the Academy of Natural Sciences in Philadelphia, the chem- 
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ists had a part, but it was one of minor importance, an item 

among many. 
In the American Association for the Advancement of 

Science there were some chemists who attended the meetings 

from time to time and occasionally presented papers. They 

were overshadowed, however, by the more active representa¬ 

tives of other sciences, and their share in the proceedings was 

rarely conspicuous. The Association was divided at the time 

of which I speak into two sections, A and B, and in the first 

of these chemistry, physics, mathematics, and astronomy were 

crowded together, with chemistry the least prominent of all. 

In 1873 the Association met at Portland, and a handful of 

chemists, most of them young and unknown, but enthusiastic, 

were present. The time was ripe for a step forward, and that 

step, a very short one, was taken. The Association was re¬ 

quested to allow the formation of a subsection of chemistry; 

a year later, at Hartford, the request was granted, and the 

subsection began its career. 

Some two weeks before the meeting at Hartford, on August 

1,1874, about seventy-five chemists met at Northumberland, 

in Pennsylvania, to celebrate at the grave of Priestley the 

centennial of the discovery of oxygen. It was now proposed 

to organize an American Chemical Society, modeled after the 

already flourishing societies of London, Paris, and Berlin, but 

action was deferred in order that the new experiment in the 

American Association might have a fair trial, and that the 

danger of undue competition, with its attendant division of 

forces, might be avoided. The new subsection received 

general support; it grew and flourished, and when, in 1881, 

the American Association was reorganized it became the full 

Section C of the present body. Today the chemical section 

is one of the strongest and most vigorous in the Association; 

with a large and faithful membership, which has been built 

up in great measure by the efforts of the men who started it 

twenty-three years ago. 

In 1876 the project for an American Chemical Society was 

revived, and an organization bearing that name was estab- 
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lished in New York. It obtained a fair membership and 

published a journal, but as all the meetings were held in one 

city, it did not command the support of the country at large, 

and it became essentially a local body in spite of its claims 

to national scope. It was national in theory, and also in pur¬ 

pose, but it failed to receive general recognition, and it exerted 

no widespread influence until after sixteen years of existence 

it became a potent factor in the development of a larger en¬ 

terprise. 

In 1884 the Chemical Society of Washington was formed. 

This was professedly local in its character, and so too were 

several other bodies of chemists which were organized within 

a year or two of this time. There was no concentration of 

effort among the chemists of America except in the American 

Association, and that unfortunately met but once a year. 

There were nuclei enough, however, for crystallization to 

begin, and in 1888 another step was taken. The Chemical 

Section of the American Association appointed a committee 

to confer with like committees from other societies and to 

report upon the question of a national organization. Con¬ 

ference after conference was held, report after report was 

presented; there was opposition, of course, from various 

quarters and indifference to be overcome; there were con¬ 

flicts of interest and the inevitable rivalries. But the move¬ 

ment was started; it was finally indorsed in due form by the 

old Chemical Section, and in time success was won. In 1891 

and 1892 a plan was agreed upon and the present American 

Chemical Society was established. 

The two principal factors in the problem, apart from the 

American Association, were the Anferican Chemical Society 

in New York and the Chemical Society of Washington. The 

former had the name and a charter, and, with some reason, 

claimed to occupy the field. The other made no claims, but 

would not concede primacy to the first. Professional interests 

and good feeling, however, carried the day; there were con¬ 

cessions from all sides, and the following plan was adopted: 

The existing name and charter were accepted. The New 
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York body became a local section of the reorganized society, 

and the Washington organization did the same. The old 

journal of the society was consolidated with the flourishing 

“Journal of Analytical and Applied Chemistry,” with the 

editor of the latter, Professor Hart, in charge. Other local 

sections were provided for, and it was agreed that the society 

should hold two general meetings a year—one in winter, the 

other in cooperation with the American Association. Thus 

all interests were reconciled, and the scattered forces of the 

chemists began to converge toward a single point. A strong 

society was created with a good monthly journal, and today 

it numbers over a thousand members, with nine local sec¬ 

tions in various parts of the country carrying on continuous 

work. Hereafter the summer meeting will be held jointly 

with that of Section C in the American Association, making 

both bodies stronger and more efficient; all opposition has 

been overcome, the membership of the society is rapidly 

growing, and the future seems bright. The example which 

has been set by the chemists may be a good one for others 

to follow. “In union there is strength.” In New York 

there is also a section of the British “ Society for Chemical 

Industry; ” and in addition to the journal already mentioned 

there is the well established “American Chemical Journal,” 

managed by Professor Remsen at Baltimore, and a new peri¬ 

odical devoted to physical chemistry, which has just been 

started by Professors Trevor and Bancroft at Cornell Uni¬ 

versity. Our chemists are now well provided with means 

for publication, and there seems to be no dearth of material 

with which to fill the pages of the three separate journals. 

The “American Journal of Science,” the “ proceedings ” of 

some local academies, and the foreign chemical periodicals 

also receive a share of our output. The facilities for publi¬ 

cation seem to increase no faster than the activity of the 

American chemists. 

On the purely scientific side the Government of the United 

States has as yet done little for the advancement of chemical 

research; but indirectly, for economic reasons, it has done 
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much, especially since 1876; so, too, have the governments 

of various States and cities, especially with regard to the 

analysis of fertilizers and in the direction of sanitary chem¬ 

istry. Some investigations concerning the water supply of 

cities have been carried out by local boards of health, and 

among these the researches instituted by the Massachusetts 

board have been of the highest scientific quality. No better 

work of its kind has been done anywhere, and its results, in¬ 

tended for local benefit, are of far more than local value. On 

the part of the General Government the patronage of chem¬ 

istry has covered a wide range, and many bureaus have been 

provided with laboratories.. In the Department of Agricul¬ 

ture a considerable force of chemists has long been employed, 

dealing with questions of the most varied character. The 

United States Geological Survey maintains another impor¬ 

tant laboratory, and still others are connected with the Bu¬ 

reau of Internal Revenue, the Mint, the Army, and the 

Navy. In the torpedo station at Newport investigations are 

carried out relative to explosives, and at the custom-house 

in New York a number of chemists are engaged in the valu¬ 

ation of imported articles with reference to the assessment of 

duties. In short, the Government calls upon the chemist for 

aid in many directions, and the appreciation of his useful¬ 

ness increases year by year. In all this work, however, chem¬ 

istry is rated as a convenience only and valued for what it 

can give. Its advancement as a science is not considered, 

and such growth as it gains through governmental encour¬ 

agement is purely incidental. Good researches of a strictly 

scientific character, real enlargements of scientific knowledge, 

have come from laboratories maintained by the Government; 

but they represent the rare leisure of the investigator and 

not the essential object of his work. He is sometimes per¬ 

mitted to investigate for the sake of chemistry alone, but 

such labor is extraofficial and forms no part of his regular 

duties. The chemist is compelled to serve other interests— 

other sciences, it may be—and only the time which they fail 

to demand is his own. Considering the enormous impor- 
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tance of chemical research to all the greater industries of the 

world, it should receive fuller recognition by the National 

Government and be encouraged most liberally.* 

I have already referred to the land-grant college act of 1862, 

under which so many agricultural and technical schools came 

into existence. In 1887 Congress passed another act, inti¬ 

mately related to the former, by which the States and Ter¬ 

ritories were each granted the annual sum of fifteen thousand 

dollars for the maintenance of agricultural experiment sta¬ 

tions. These stations, some of which have other resources 

also, are actively at work, and they receive some coordina¬ 

tion under a bureau of the Federal Department of Agricult¬ 

ure. Chemistry receives a part of their attention, and in 

1894 one hundred and twenty-four chemists were employed 

in them. These chemists and those connected with the 

Washington laboratory are'bound together in the Associa¬ 

tion of Official Agricultural Chemists, which meets annually. 

A prime object of that association is the improvement, defi¬ 

nition, and standardizing of analytical methods, and along 

this line it has done admirable work. The data obtained in 

the different experiment stations are thus rendered strictly 

comparable, and a higher degree of accuracy is reached than 

would have been attained under conditions of absolute indi¬ 

vidualism. The association fills a distinct place of its own, 

and is in no sense a rival of the American Chemical Society. 

Indeed, the members of the official body are nearly all mem¬ 

bers of the other. 

In the industrial field, as well as in the domain of pure 

science, the chemists of the United States have made rapid 

advances during the past thirty years. In manufacturing 

chemistry the growth has been only moderate—at least in 

comparison with the growth of other industries—but still it 

* For a fuller discussion of this part of the field I may refer to my own 

address upon “The relations of the Government to Chemistry,” published 

in the Bulletin of the Chemical Society of Washington, No. 1, 1886. In 

that paper the chemical work of the Government is described with con¬ 

siderable detail. 
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is evident. We still import heavily, and depend upon Europe 

for many chemical products which ought to be manufactured 

here. In some special lines our goods are among the best; 

in others we are wofully backward. To some extent our 

tariff and revenue legislation has had a bad effect upon our 

chemical manufactures (as, for example, in increasing the 

cost of alcohol), and certain defects in our methods of scien¬ 

tific teaching have also been to blame. To this subject I 

shall recur presently. In metallurgical processes the United 

States can hold its own, however, and especially in those 

which involve the application of electricity. The electrical 

furnace, for instance, as it is used in the manufacture of 

aluminum, is distinctly an American invention, and the 

electrolytic refining of copper is carried out in this country 

on a scale unknown elsewhere. 

If we consider the subject of applied chemistry at all 

broadly, we shall at once see that it has several distinct 

aims—such as the discovery of new products, the improve¬ 

ment of processes, and the utilization of waste materials. It 

seeks also to increase the accuracy of methods, to make in¬ 

dustrial enterprises more precise, and therefore more certainly 

fruitful; in short, to replace empiricism by science. It is, 

perhaps, in this direction that applied chemistry has made its 

most notable advances in America, and that within compara¬ 

tively recent years. Three decades ago even our greatest 

manufacturing establishments employed chemists only in a 

sporadic fashion, sending occasional jobs to private laborator¬ 

ies, and then only after counting the cost most parsimoniously. 

Except in a few dye-houses and calico printeries, the chemist 

was not fully appreciated; great losses were often sustained 

for lack of the services which he could have rendered, and 

the cost of goods was therefore higher than was necessary. 

By degrees, however, a change was brought about. One 

effect of industrial competition was to narrow margins and 

to render greater accuracy of manipulation imperative, and 

so the chemist was brought upon the scene. Today it is 

almost the universal custom among manufacturers to main- 
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tain chemical laboratories in connection with their works, 

and this is especially true with regard to metallurgical estab¬ 

lishments, oil refineries, soap, candle, and glass works, in the 

making of paints, varnishes, and chemicals, and so on in 

many directions. Even the great firms whose industries are 

connected with the Chicago stock-yards, with their artificial 

refrigeration and their manufacture of lard, lard and butter 

substitutes, meat extracts, pepsin, and fertilizers, all employ 

skilled chemists and provide well-equipped laboratories. In 

the making of steel and iron the processes are followed by 

analyses from start to finish, from ore, fuel, and flux to the 

completed billets; and the chemists who are thus occupied 

have gained marvelous dexterity. The analytical methods 

have been reduced to great precision, and are extraordinary 

as regards speed, work which once required a day to perform 

being now executed in less than twenty minutes. Exact 

measurement has replaced rule of thumb, certainty has sup¬ 

planted probability, industry has become less wasteful and 

surer of a fair return, and to all this the chemist has been a 

chief contributor. Without his aid the manufactures of the 

world could never have been developed to their present mag¬ 

nitude and efficiency. His influence reaches even beyond 

the furnace or the factory and touches the greatest economic 

questions. Take, for example, the financial agitation through 

which our country has so recently passed, with its discussion 

of monetary ratios. Chemical processes have profoundly 

modified the metallurgy of gold and silver, cheapening the 

production of both metals and changing the commercial 

ratio of their values. Can the bimetallic question be intelli¬ 

gently investigated with the chemical factor left out ? Fur¬ 

thermore, chemistry has created new industries in which both 

gold and silver are employed, and so, affecting both supply 

and demand, touches their ratios still more deeply. When 

politics becomes true to its definition, when it is really “ the 

science and art of government,” then we may expect politi¬ 

cians to consider questions like these and to study the evi¬ 

dence which chemistry has to offer. 

28-Bull. Phil. Soc., Wash., Vol. 13. 
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One other phase of applied chemistry, chiefly developed in 

this country, remains to be mentioned. In 1875 the Penn¬ 

sylvania railroad opened a laboratory at Altoona, in charge 

of Dr. C. B. Dudley; and eight or nine other great railroads 

have since followed its lead. In these railroad laboratories, 

which employ many men, all sorts of supplies are tested, 

and large contracts for purchases depend upon the results of 

analysis. Among the articles regularly examined, prelimi¬ 

nary to buying, are iron, steel, various alloys, paints, var¬ 

nishes, soaps, wood preservatives, disinfectants, etc. On the 

Pennsylvania system alone the purchases controlled by these 

tests amount to from two to three millions of dollars annually, 

and the saving to the company is undoubtedly very great. 

In many cases other purchasers adopt the specifications of 

the railroad, and base their contracts upon the same stand¬ 

ards, the analyses to be made in the same way. Adulteration 

is thus discouraged and prevented, and the moral effect upon 

the seller, who must be honest, is most salutary. When de¬ 

tection is certain, the temptation to commit fraud vanishes. 

To the improvement of analytical methods the railroad labo¬ 

ratories have contributed materially, so that their work has 

true scientific significance as well as practical value. 

Now, although we may properly take pleasure in the ad¬ 

vances which American chemists have made, we have no 

right as yet to be fully satisfied. We have done much, but 

others have done more; and until we stand in the front rank 

we should not relax our efforts. The competition of re¬ 

search is fully as keen as the competition of trade, and even 

if we may win the lead we must work hard to keep it. In 

spite of all that I have said of its growth, industrial chemistry 

in the United States is still in its infancy, and comparison 

with other countries is in some respects wholesomely humili¬ 

ating. England and France have built up chemical indus¬ 

tries vastly greater than ours, and in certain directions Ger¬ 

many leads them both. Moreover, the German industries 

and the trade depending upon them are increasing at a 

marvelous rate, and in England the chemists at least have 
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taken serious alarm at the growing competition. Branches 
of manufacturing which were once almost wholly English 
are now mainly German; discoveries which were made in 
England have been developed in Germany; and now the 
British economists are seeking for the reason. 

To the chemist the reason is plain, and is to be found by 
a study of two systems of education. The English universi¬ 
ties and schools have clung to obsolete methods, and have 
attached great importance to examinations and the winning 
of honors. To the honor men positions and preferment are 
open; but the honors are awarded in the wrong way. In 
Germany, on the other hand, the pathway to success lies 
through research, honors are given to the men who have in¬ 
creased knowledge, and the effect of this policy is felt by 
every manufacturer upon German soil. Take, for example, 
the great chemical works at Elberfeld, in which about one 
hundred scientific chemists are employed, in addition to a 
great force of laborers. Every one of these chemists re¬ 
ceived a training in research, every one is expected to make 
discoveries, and the results of their investigations are imme¬ 
diately applied in the manufacture of new preparations and 
the improvement of processes. The German employer does 
not ask the chemist to do for him what he can do already, 
but rather to supply the greater forces by which he can rise 
above his competitors and command the custom of the world. 
To that policy we have not yet fully risen in America; our 
technical schools have thought too much of routine drill and 
discipline, and until we profit by the example of Germany 
more thoroughly than we have done, we cannot hope to rival 
her in chemical industries. Our practical men value science 
for what it can do directly in their interest, and rarely look 
deeper into the possibilities of abstract investigation. In 
reality, pure science and applied science are one at the root; 
the first renders the second possible, and the latter furnishes 
incentives for the first. Where science is most encouraged 
for its own sake, there its applications are most speedily real¬ 
ized. This is a lesson which America has yet to learn, at 
least to the point of full and complete appreciation. 
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What, now, have we done, and what should we do? We 

have made a great beginning; we have built up good labo¬ 

ratories, backed by richly endowed institutions of learning; 

millions of dollars have gone into the teaching of chemistry, 

and the stream of research flows on with ever-increasing vol¬ 

ume. American investigations and investigators are known 

throughout the civilized world; their creditable standing is 

fully recognized; our analysts are among the best, and yet— 

and yet—something is wanting. A great mass of good work 

has been done, beyond question; but no epoch-making gen¬ 

eralization, fundamental to chemistry, has originated in the 

United States, nor has any brilliant discovery of the first 

magnitude been made here. The researches of American 

chemists have been of high quality, but not yet of the high¬ 

est ; there is solidity, thoroughness, originality; but with all 

that we cannot be satisfied. The field is not exhausted; 

there are great laws and principles still to be discovered; the 

statical conceptions of today are to be merged in wider dy¬ 

namical theories; for every student there are opportunities 

now waiting. Shall we do our share of the great work of the 

future, or shall it be left to others ? Shall we follow as glean¬ 

ers, or lead as pioneers ? He who has faith in his own coun¬ 

try can answer these questions only in one way. 

At present American chemists labor under-some disadvan¬ 

tages which have not been fully outgrown. Research with 

most of them is at best encouraged, but not expected as an 

important professional duty. The teacher must first teach, 

and in too many cases the routine of instruction takes all his 

strength and time. The resources available for education 

have been scattered by sectarian rivalry; several schools are 

planted where only one is necessary, and the teachers, dupli¬ 

cating one another’s work and furnished with slender means, 

cannot specialize. Two chemists dividing the work of one 

institution can do more than four who labor separately. The 

field is too large for one man to cover alone, and yet most of 

our men are expected to do it. This evil, however, is growing 

less and less, and in time it may cease to operate. With the 
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increase of true post-graduate instruction the work of Ameri¬ 

can chemists will improve, for in that part of the educational 

domain research is an essential feature. Give our men the 

best opportunities, the best environment, and they will do 

their share of the best work. 

In one direction, perhaps, the possibility of advancement 

is greatest, and that is in the institution of laboratories for 

research. At present the labor of investigation is unorgan¬ 

ized, unsystematic—a little here, a little there, but without co¬ 

ordination—and consequently our knowledge is after all a 

thing of shreds and patches. In making this statement 

I do not exaggerate. Take any class of scientific data, ex¬ 

amine any series of chemical compounds, and note the gaps 

which exist in it. A chemist in Berlin has studied one of 

the compounds, another in Paris has prepared a second, 

many bits of information have been gathered by many indi¬ 

viduals, and so knowledge slowly accumulates. The organi¬ 

zation of research is to be one of the great works of the future, 

when discovery shall become a profession, and groups of 

students shall cooperate toward the attainment of clearly 

specified ends. To some extent this work has already been 

done for astronomy, and more than one observatory could 

exemplify what I mean. In a fully manned and equipped 

observatory great investigations, too large for one astronomer 

to handle alone, can be carried out systematically; and this 

is actually done. In mapping the heavens, even, several 

observatories can combine their forces, each one covering a 

definite part of the field; but in chemistry no policy of this 

kind has yet been possible. The extension of the observa¬ 

tory method to other departments of science is the advance 

for which I plead. 

Suppose, now, we had a great laboratory, fitted up for chem¬ 

ical and physical work together, well endowed and well 

manned, what might we not expect from it ? Great prob¬ 

lems could be taken up in the most thorough and orderly 

fashion, methods of work might be standardized, and groups 

of physical constants determined. The results would aid and 
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stimulate individual students everywhere, and applied sci¬ 

ence, too, would receive its share of the benefit. There is 

today a growing commercial demand for accurately deter¬ 

mined constants, and no institution in which the demand 

may be adequately supplied. At Charlottenburg, in Ger¬ 

many, there is a beginning; in London the munificence of 

Ludwig Mond has made possible a similar start; hut nowhere 

is such a plan as I propose in full and perfect operation. 

The United States has great observatories, fine museums of 

natural history, and flourishing universities. Why should 

it not have institutions for physics and chemistry also ? 

These sciences touch many industries at many points; their 

applications have created wealth beyond all possibility of 

computation; now let that wealth do something for them 

in return. Half the sum that the nation spends in building 

one battle-ship would erect, equip, and endow a laboratory 

more complete than any now existing, whose influence would 

be felt throughout all civilized lands and endure as long as 

humanity. In this the United States might take the lead 

and set a great example to all other nations. The United 

States has long been a follower in science; may she soon 

take a higher place as teacher. 
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THE TRANSCONTINENTAL ARC. 

BY 

Erasmus Darwin Preston. 

[Read before the Society February 20, 1897.] 

Introductory. 

The United States Coast and Geodetic Survey is one of the 

scientific institutions of the Government that has kept pace 

with the expansion and development of our country. Con¬ 

ceived by Thomas Jefferson one hundred years ago, estab¬ 

lished by Congress in 1807, and reorganized by President 

Tyler in 1843, it has continually adapted itself to the grow¬ 

ing needs of commerce and defense. Without departing 

from the lines of policy originally laid down, its scope has 

broadened from time to time, in response to changing con¬ 

ditions, and its details have been worked out to satisfy the 

demands of the day. 

Taking as its fundamental idea the delineation of land 

and sea in the vicinity of tide-water, the department has not 

failed to follow coordinate-lines of research when such work 

was incident to and necessary for the successful prosecution 

of its legitimate task. The spirit of the Survey has been one 

of progress. Guided by the inventive minds of Hassler, 

Bache, and Hilgard, the service early adopted radical modes 

of treatment. The application of the zenith telescope to lati¬ 

tude, the electric telegraph to longitude, the polyconic pro¬ 

jection to charts, and the plane-table to topography revealed 

new possibilities in the realm of geodesy. To these four 

agencies may be ascribed the rapidity, accuracy, and econ¬ 

omy which have characterized the production of results. 

* Published by permission of the Superintendent of the United States 
Coast and Geodetic Survey. 

29—Bull. Phil. Soc., Wash., Vol. 13. (205) 
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We have only to compare the methods of today with those 

hitherto employed to realize the phenomenal advance in the 

practice of surveying. The precision attainable in the astro¬ 

nomical determination of a point on the earth’s surface has 

certainly increased fivefold in the last fifty years. It is not 

to be expected that the fathers of our Republic should fore¬ 

see all of the necessities growing out of the proposed “ survey 

of the coast.” Nothing in the original act of Congress gives 

authority for the observation of terrestrial magnetism, unless 

such authority is implied in the words “ together with such 

other matters as may be deemed proper; ” yet no civilized 

nation today would undertake a trigonometrical survey with¬ 

out determining the variation of the magnetic needle. There 

would seem to be at first sight no intimate connection be¬ 

tween the measurements of the force of gravity and a trigo¬ 

nometrical survey of a country, nor between the temperature 

and density of the Gulf of Mexico and the hydrographic con¬ 

ditions along our eastern coast; yet both the law of falling 

bodies and the subocean currents are nowT regarded as a legit¬ 

imate and necessary study in connection with a survey of the 

national domain. 

Every trigonometrical survey of great extent has been con¬ 

fronted with the question, “ What is the size and shape of 

the earth?” and every nation within the measure of its 

ability and opportunity has added something to our knowl¬ 

edge on the subject. It is evident that those countries whose 

domain is extended in the direction of the meridian possess 

unusual facilities for contributing data to the solution of the 

problem. England, France, and Russia have thus far been 

the most active governments in this respect, and have to¬ 

gether measured nearly ninety degrees of latitude. Less 

than ten degrees have been measured in the southern hem¬ 

isphere. The United States have measured an oblique arc 

of 22 degrees, several smaller ones running north and south, 

and have just completed theTongest parallel arc ever under¬ 

taken by a single government. Not content with this, work 

has already begun on the ninety-eighth meridian, which is 
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to start from Manitoba, in the British possessions, and end 

at Neuvo Leon, in northern Mexico. We have here 23 de¬ 

grees, making the line practically as long as the Russian and 

Indian arcs, and 10 degrees more may be added by our sister 

Republic on the south. 

Reduced to its simplest expression, the method of getting 

the size of the earth from the measurement of arcs is noth¬ 

ing more than the determination of the curvature of the 

meridian. When the curvature is known at two points of 

the quadrant the entire ellipse may be traced and the shape 

of the earth is established. It requires no knowledge of conic 

sections to understand that arcs measured in middle latitudes 

have very little effect on the determination of the earth’s 

figure, and, on the other hand, that the most suitable arcs 

are those where the curvature is greatest and least—that is, 

at the equator and at the pole. Although millions of dollars 

have been spent directly and indirectly on the solution of 

this problem, we have not yet reached a final result. The 

statement as to cost just made, includes of course the outlay 

of all nations on the work, and it may be added that inci¬ 

dental aid toward the result is furnished by surveys that 

were first undertaken for a different purpose. Just here the 

question naturally arises, “ Does a figure of the earth de¬ 

duced from European measurements fit the United States?” 

or, in other words, “ Does the western hemisphere have the 

same curvature as the eastern ? ” The reply, as far as our 

measures enable us to judge, is that it has. It has just been 

stated that we have not yet a final figure, but the old spheroid 

of Bessel (1841) has been superseded in the Coast and Geo¬ 

detic Survey by Clarke’s determination (1866). The last- 

named figure is both larger and flatter than the first. In 

fact, a line across the United States from Cape May to San 

Francisco is longer by one-third of a mile when measured on 

the spheroid last adopted. A complete trigonometric survey 

implies accurate geographical positions. This demands astro¬ 

nomical observations to the last degree of precision, and so it 

turns out that our survey of the coast requires incidentally 
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a thorough knowledge of the variations of latitude, the aber¬ 

ration of light, and the mean density of the earth. 

Congress has recognized this, and money has been appro¬ 

priated for the purpose. An observer was sent to Honolulu, 

and there, cooperating with astronomers in San Francisco, 

Washington, and Berlin, the change of latitude was studied 

during an entire year. The Honolulu and San Francisco 

results were discussed by the formation and solution of over 

9,000 conditional equations, nearly 7,000 of which appeared 

in one group and directly determined a single unknown 

quantity—the aberration constant. 

One might naturally inquire, What has the density of the 

earth to do with the measurement of angles on its surface ? 

The connection between them is best shown by an example : 

In a mountainous region a line was measured whose length 

did not agree with the known difference of latitude between 

the extreme points. To explain this discrepancy it was 

necessary to assume that the plumb-line was drawn out of 

its normal position, or that there was a disturbance in virtue 

of which the observed astronomical latitudes were not the 

true ones. The force of gravity was measured on the inter¬ 

vening mountain, which showed a density for the under¬ 

lying matter just sufficient to account for the attraction of 

the plumb-bob in obedience to the laws of gravitation. This 

interesting piece of work was done in the Hawaiian islands, 

where it was discovered that the pendulum on being carried 

to the summit of the mountain lost 28 oscillations per day 

instead of 41, as required by the law of the inverse square of 

the distance; The acceleration of 13 oscillations per day 

indicates a density of the mountain sufficient to deflect the 

vertical at its base by nearly half a minute of arc, which was 

precisely the observed discrepancy. 

The Transcontinental Arc. 

On the 3d of March, 1871, Congress made an appropriation 

“ for extending the triangulation of the Coast Survey so as to 

form a geodetic connection between the Atlantic and Pacific 

coasts of the United States.” 
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The ultimate necessity of such a step had been apparent 

for some time. The intricate’and ever-growing network of 

trigonometric lines along the coast and down the Appalachian 

chain demanded a greater extension in order to fully sub¬ 

serve its original purpose. The secondary and tertiary work 

along the low coast line of the south required control. Eigh¬ 

teen thousand miles of triangulation exist from the mouth 

of the Chesapeake to Mobile bay. The various conditions 

under which it was executed, as well as the different methods 

of measurement, made some check operation imperative; for 

we must remember that around the shores of Florida water 

signals are employed, and direct measurements along the 

beach are resorted to in order that heavy cutting through 

the mangroves may be avoided; so that a primary triangu¬ 

lation in a direct line from Washington to Mobile becomes 

a necessity to test the work done along the Atlantic and Gulf 

coasts. 

In the same sense that a line of control is necessary for the 

work along the eastern and southern shores, there exists a 

still greater obligation to bind into one harmonious whole 

the geodetic operations on the Atlantic and Pacific coasts. 

It was to supply this link that the “ transcontinental arc ” 

was begun, and we now have the satisfaction of knowing 

that it is practically completed, and that our country can 

point with pride to the largest arc of longitude ever meas¬ 

ured by any single government. 

The author disclaims all pretension toward having con¬ 

tributed to any very great extent to the accomplishment of 

this work. It is, however, not possible, even were it desir¬ 

able, to name all the persons to whom credit is due. Among 

the many officers whose names appear with more or less fre¬ 

quency two occupy an unique position. One has carried the 

triangulation over the Rocky mountains, and for twenty 

years has practically made all his observations above the 

clouds. The other has had charge of the laborious calcula¬ 

tions, and for a quarter of a century has given the subject 

special attention. The former is Mr. William Eimbeck, to 
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whose perseverance is due the successful termination of the 

triangulation from the Sierra Nevada to the Mississippi val¬ 

ley, and the latter is Mr. C. A. Schott, to whose untiring in¬ 

dustry we owe the discussion of the results. 

From Cape May light-house, in New Jersey, to Point Arena 

light, in California, the distance is 2,625.6 miles. These points 

are within a very few miles on the same parallel of latitude, 

which, by the way, is that particular parallel on which the 

center of population of the United States seems to be tracing 

its course. 

In this grand network there are 266 primary stations, in¬ 

volving the measurement of many thousand angles; and if 

we consider the subsidiary points determined, it can truth¬ 

fully be said that the number of localities precisely estab¬ 

lished in latitude and longitude by this great chain exceeds 

that of the stars visible to the naked eye. 

There are several unique features. The arc consists ex¬ 

clusively of quadrilaterals or figures equally as strong. No 

single triangle has ever been permitted to carry the work 

forward, and where the diagonals of quadrilaterals were in¬ 

convenient or impracticable, pentagons or hexagons were 

substituted. Four stations are above 14,000 feet elevation 

and twenty are beyond 10,000 feet. Let any one imagine 

the difficulties of making observations at an elevation of 2f 

miles. Consider that at this altitude the barometer stands 

at 18J inches; that there is perpetual ice and snow; that 

water boils at 189 degrees, and that, there being only about 

one-half the usual amount of air, every one is more or less 

affected by mountain sickness. 

At one time it fell to my lot to occupy a station in the 

tropics at 14,000 feet, and I can certify that the experience is 

not altogether pleasant. Snow and ice in July, and in the 

tropics, and on a party coming but a few hours previous 

from a torrid atmosphere, where the system is debilitated by 

long months of sunshine, is to most persons the severest test 

of endurance. 
On the transcontinental arc 9 bases have been measured. 



THE TRANSCONTINENTAL ARC. 211 

They are mostly modern, but one of them, the “ Kent Island,” 

in Maryland, was used as early as 1844. It is not to be ex¬ 

pected that the degree of accuracy now required was pos¬ 

sible fifty years ago, and so we find this base with a degree of 

precision only about half that now attainable: 22 81q o'q' of its 

length (5.4 miles), or 1.5 inches, may be given as the probable 

error of the assumed length. I shall later speak of the rela¬ 

tive accuracy of the different bases employed on this chain, 

but before passing to that it is desirable to examine the con¬ 

ditions that govern the number and location of base-lines in 

any system of triangulation. It may be assumed as a guid¬ 

ing principle, that check-lines should be measured just so 

often and at just such distances as will be necessary to con¬ 

trol the triangulation and keep it within the degree of ac¬ 

curacy sought. 

In the main triangulation east of the Mississippi river we 

may assume e-Toirofh part as the limit of error. From St. 

Louis to Colorado Springs 10 t>-<y is easily attained, while 

from the last-named point to the Pacific the error to be feared 

is only ^nnsWth part. 

If we then take the middle figure as the index of accuracy 

which it is proposed to attain, the line of reasoning would 

be as follows: 

From a great number of observations the mean error of a 

measured angle is ascertained. From the actual angles em¬ 

ployed and the length of the base-line the reciprocal of the 

weight of any assumed side is found. The square root of 

this last quantity multiplied by the first will give the mean 

error of the side in question, and the probable error will be 

two-thirds of this. Comparing the result with the length of 

the side, we get the limit of accuracy for the distance trav¬ 

ersed. Dividing by j/ 2 gives the effect of two base-lines, 

and hence we have the total error to be expected in the junc¬ 

tion line midway between the bases. It is understood that 

the accuracy of any given side is influenced both by the base 

and angle measurement; but while the error from the former 

is a function of the length of the side and transmits itself in- 
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dependency, the error from the angular measures varies with 

the particular values assumed by the trigonometrical func¬ 

tions in the intervening triangles. To specify actual figures 

obtained in practice it may be said that the mean error of a 

measured angle is 1".07, and that the probable error of an 

average side of 26,600 meters is 0m.335, giving an error of 

tttow part in the junction line between the two bases 200 

miles apart. 

The probable error of a side increases as the square root 

of the number of triangles, and we find the following rela¬ 

tions : 

At 100 miles from the base.. .probable error.. 

At 120 miles from the base.probable error.. 

At 150 miles from the base.probable error.. 

so that we may assume 240 miles as the limit of the distance 

between bases where an accuracy of tuwoo part is desired. 

When one base is brought to another by calculation, there 

will in general be four discordant elements, requiring four 

conditional equations for their complete reconciliation; these 

are length, azimuth, latitude, and longitude. 

As the base lines are susceptible of measurement to a far 

higher degree of precision than can be maintained in our 

best schemes of triangulation, so also is the triangulation 

capable of fixing points on the earth’s surface more accu¬ 

rately than astronomical observations. 

On the transcontinental arc we have about 80 astronomical 

latitudes, 40 telegraph longitudes, of which more than 20 are 

primary, and 60 azimuths. Many of these stations are above 

10,000 feet elevation—a few are above 14,000 feet—and all 

have been determined with especial reference to the demands 

of coordinate parts of the work in that particular locality. 

Parenthetically it is proper to speak of the precision of the 

arc, taken as a whole, and of its expense. Taking into ac¬ 

count all the sources of inaccuracy, it may be assumed that 

the distance from the Atlantic to the Pacific along the thirty- 

ninth parallel of latitude is known within about 100 feet, 



THE TRANSCONTINENTAL ARC. 213 

which shows an error less than 1 o oVo'ir part. This line is 

shorter on Bessel’s spheroid than on Clarke’s by 2,000 feet. 

Our uncertainty of 100 feet can therefore not affect the de¬ 

cision as to the proper figure to be adopted for the United 

States. 

A quarter of a century of hard work, sometimes under the 

most adverse circumstances, and an expense of half a million 

dollars is the price paid for the above result. In considering 

this outlay of money we must bear in mind that the occu¬ 

pation of one of the mountain stations alone cost $10,000, 

and required an entire season for its completion. Of the 

nine bases that have been measured on the arc, the most ex¬ 

pensive one was the Yolo, 11 miles long, and it cost in round 

numbers $10,000. The two measures of the Salina base, with 

a length of four miles, cost $2,610. The longest line observed 

was from Uncompahgre, with an elevation of 14,300 feet, to 

Mount Ellen, 11,300 feet high, giving the unprecedented 

single sight through a distance of 183 miles (294,104.05 

meters). Work of this magnitude has never been attempted 

by any nation hitherto. The nearest approach to it is by the 

French and Spaniards, who, in 1879, threw a quadrilateral 

across the Mediterranean from Spain to Algiers, but their 

highest station—the highest mountain in Spain—falls 3,000 

feet short of Uncompahgre, and their longest diagonal is 15 

miles shorter than our own. It is quite true that the English 

in India have seen the summits of the Himalayas at a dis¬ 

tance of over 200 miles, and have determined their direction, 

but these peaks have never been occupied and form no inte¬ 

gral part of their triangulation; so that the United States can 

boast of the longest line, the highest station, and the greatest 

continuous chain of triangles. Unlike some of the projects 

where Americans strive to attain the “ biggest on earth ” idea, 

the transcontinental arc can safely challenge comparison in 

any of its features with the best examples of similar work. 

The accuracy of the result and economy of execution are 

only surpassed by the difficulties of its details and the magni¬ 

tude of its conception. There are more than twenty lines 

30—Bull. Phil. Soc., Wash., "Vol. 13. 
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over 100 miles in length, each of which has been observed 

from both directions. 

This statement calls to mind some special devices employed 

on the work. On the western coast a tree was cut off at a 

distance of 100 feet from the ground and an observing scaf¬ 

fold mounted on the standing shaft. This ingenious method 

overcame intervening obstacles, and at the same time secured 

great economy in construction. In Maryland, where the 

level nature of the ground demands signals of extraordinary 

height, the plan was adopted of first building the ordinary 

scaffold 175 feet high and then putting a pole 83 feet long 

on top of it. This furnished a signal for observation 258 

feet from the ground at half the expense necessary for com¬ 

plete tripods. In another instance a pole 120 feet long was 

erected on a scaffold of equal height. In the Sierra Nevadas 

heliotropes are brought into use, and the signals from dis¬ 

tant stations 100 miles away are visible only as a beam of 

light shining with the brilliancy of a star of the second mag¬ 

nitude. The great length of line precludes the possibility of 

recognizing any natural object, and the low clouds cut off 

the mountain peak itself; yet through the mist and vapor 

comes the reflected ray of sunlight, and upon this the ob¬ 

server directs his telescope. 

The full value of the transcontinental arc is not at first 

apparent. Not only is it national in its use, but every State 

through which it passes comes into possession of accurate 

geographical positions; and not alone that, but every State 

lying near the thirty-ninth parallel can, at slight expense, 

fix its own boundaries with an accuracy not inferior to that 

given by the best government surveys in the world. No less 

than sixteen States are directly benefited by the triangula¬ 

tion across the continent, and as many more have the possi¬ 

bility of benefit. 
With the advance of refined methods and the ability to 

execute work of a magnitude unknown in earlier days, we 

are now obliged to carry the computations to a degree of 

precision commensurate with the newly imposed conditions. 
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Ten years ago no one would have thought of giving the lati¬ 

tude as a function of the time. Thanks, however, to inter¬ 

national work in which the Coast and Geodetic Survey has 

taken a very creditable part, we are now able to state the 

law according to which the latitude changes, and all our 

latitudes are consequently corrected and reduced to what 

they were at a certain definite epoch. It will no longer suf¬ 

fice to write unconditionally the latitude of Washington. 

Modern exigency requires that the time be given at which it 

had this particular value. 

So with the correction for height. Before the subject of 

potential had attracted much attention and before latitudes 

of precision were observed at great altitudes no one thought 

of correcting these results for elevation; but Gauss showed, in 

1853, that the plumb-line changes its direction as we recede 

from the earth’s surface, and the same fact has been devel¬ 

oped from the theory of potential by more recent writers. 

We must therefore take into account what is called the curva¬ 

ture of the vertical and apply a correction to every latitude 

that is observed at a considerable distance above the level of 

the sea. 

It is an established fact that the surfaces of two confocal 

ellipsoids subject to the influences of attraction and rotation 

are not parallel. It follows from this that the surface of a 

lake on a mountain top converges toward the surface of the 

sea. Moreover, it is known that the convergence varies with 

the latitude, and that the angle is measured approximately 

by the difference of height for stations situated near the same 

parallel. The convergence of two corresponding meridians 

in the two surfaces will be identical with the inclination of 

the plumb-lines, and we therefore have a value for the devia¬ 

tion of the vertical in passing from the sea-level to greater 

elevation. 

It may be roughly stated that for the transcontinental arc 

there is a correction of one-twentieth of a second for each 

1,000 feet of height, and since many of our stations are above 

10,000 feet and some are beyond 14,000, it is evident that 
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the correction is one of frequent application. It is, more¬ 

over, a quantity that cannot be ignored, when we consider 

that the uncertainty of the latitude results is probably not 

more than one-tenth part of the influence of elevation on 

our higher stations. 

Considered as a contribution to science, as well as in its 

map-making usefulness, the transcontinental arc must be 

studied from several points of view. A simple chain of 

mathematical figures from the Atlantic to the Pacific will 

measure the distance and give the basis for a correct delinea¬ 

tion of the country; but by stopping at this point we should 

fall far short of our full duty. In the progress of the work 

golden opportunities have presented themselves for the de¬ 

velopment of the coordinate parts of every well-ordered trigo¬ 

nometrical survey, and these occasions have not been allowed 

to pass by unheeded. Incident to the work in question and 

growing out of its results has come knowledge of the laws of 

refraction, the aberration of light, the deflections of the plumb- 

line, the force of gravity, and the mean density of the earth. 

Twenty stations have been occupied on the arc for gravity 

measures, and the results have already been presented to the 

public. No one can now deny the value or scientific interest 

in work of this kind, since it has been conclusively shown in 

Europe that a measurable connection exists between the de¬ 

flection of the plumb-line and the variations of gravity. On 

a line from Kolberg to Schnee-Koppe the plumb-line was 

drawn almost invariably in the direction of an excess of 

gravity, as revealed by the pendulum, and it has even been 

laid down as a rule that the variations of gravity can be re¬ 

ferred to the attraction of matter of a density of 2.4, a mil¬ 

lionth of a meter in the former corresponding to a meter of 

thickness in the latter. 
The pendulum-work may be considered as still in its in¬ 

fancy. Nevertheless both the method of making the obser¬ 

vations and the interpretation of the results have passed 

through several distinct stages. First we had a ball of 

metal suspended by a fine wire. Then came the reversible 
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pendulums for the determination of the absolute force of 

gravity in each particular locality. Later, when it was 

found to be much more difficult to measure its length than 

to determine the time of oscillation, observers went back to 

relative work and adopted the invariable instrument. Then 

it suddenly appeared that all necessary accuracy could be 

attained and results produced more rapidly by making the 

pendulum one-fourth as long, and therefore oscillating in 

one-half the time. That is where we are at present, and the 

greater part of the measurements of the force of gravity 

throughout the world today are made with half-second pen¬ 

dulums. The two principal types of apparatus are those em¬ 

ployed by the Austrians and the Americans. Either form 

will give an accuracy in the period of about double that 

formerly obtained. A comparatively short experiment will 

now furnish us with the time of oscillation within one-mil¬ 

lionth of a second. 

With regard to the treatment of the results, there is still 

some difference of opinion. A French observer made pend¬ 

ulum experiments in Peru about 150 years ago. Although 

his instrument was but a piece of lead suspended by a string 

cut from a native plant, the result obtained has been verified 

by modern observers in many parts of the world. Having 

compared the times of oscillation at the sea-level and at the 

summit of the Andes, he found that the decrease of the force 

of gravity was not as much as he expected from Newton’s 

law of the inverse square of the distance. The discrepancy 

was attributed to the downward attraction of the mountain 

mass between the summit and the sea. An estimate was 

made of the density of the earth’s crust and a mathematical 

formula was evolved for the reduction of gravity observa¬ 

tions to the sea-level. This is the first application of such a 

correction. Now we come to the point mentioned a moment 

ago, viz., that the Peruvian work has been confirmed by later 

observations. Correcting the result for the supposed attrac¬ 

tion of the mountain, it was found that the Andes under this 

supposition were not much heavier than water. Strange as 
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the result appears to be, all gravity determinations on conti¬ 

nental mountains, when corrected in this way, show the 

matter under the station to be exceedingly light. Then the 

observers set about finding an explanation, and they hit 

upon the idea that great caverns must exist under the moun¬ 

tain ranges; but when observations were made on island 

mountains, the reverse was found to be true—i. e., that islands 

are generally heavier than one would expect. So, then, we 

are confronted by these two facts: Continents show a defect 

of gravity, and islands, at least in the middle of the oceans, an 

excess of it. The Coast and Geodetic Survey has carried out 

gravity work at the principal island groups of the Atlantic, 

on the coast of Africa, in the Pacific ocean, and on the shores 

of Asia, and the general result has been, as stated, that the 

force of gravity is apparently least where we would expect 

it to be greater, and vice versa. 

It has recently been proposed to omit the correction for 

continental attraction altogether, because by so doing the 

results are much more consistent with Clairant’s law. It 

cannot be admitted for a moment that the visible mountain 

masses exert no accellerating influence on the movement of 

the pendulum, but since no effect is discernible there must 

be compensation from some cause, and we are forced to the 

conclusion that there must be a deficiency of density under 

the continents. 

Let it be put in this way: Every pyramid of matter with 

its apex at the center and its base at the surface of the earth 

contains the same mass. This assumption does no violence 

to preconceived notions. Any contracting sphere will take 

such a form as will most easily relieve its tangential strains, 

and if the ocean bed has sunk and by lateral pressure lifted 

the continent we must admit a diminution of density. 

Summing up the situation, then, for the present status of 

gravitational research, we may say that after many years of 

trial an apparatus has been found that is satisfactory for the 

rapid and economic production of results. It only remains 

to multiply stations. In the theoretical treatment of the data 
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acquired we have learned much from experience, and future 

results will throw stronger light on the problems before us. 

What we want, above all things, is a means of measuring the 

force of gravity at sea. 

One word more in general touching sources of inaccuracy 

and the agreement of results. In the work around the Dis¬ 

trict of Columbia it became necessary to observe the Capitol 

dome from both sides and at different times. In the results 

there appeared a discrepancy so large and of such a peculiar 

nature as to call forth an investigation. It seemed as though 

the Goddess of Liberty changed her position from time to 

time. When the results were carefully examined it was 

noticed that in the forenoon she was apparently too far to 

the west and in the afternoon too far to the east. Then it 

occurred to the investigator that possibly this peculiar move¬ 

ment might in some way be connected with the sun. This 

was tested by calculating how much the iron dome might 

be expected to yield by expansion from the influence of the 

sun’s rays, and it was shown that the fair goddess in making 

her daily bow to the ruler of the solar system moved her 

head by an amount quite sufficient to explain the discordant 

observations. 

This case is cited not because it is interesting in itself, but 

for the reason that we have here an example of how simple a 

cause may be whose effects remain long unexplained. There 

are many similar instances. Take the gravity measures. 

Observations with different instruments would not agree 

until some one noticed that the support of the pendulum 

was set in motion by the experiment, and that the air was 

viscous, and therefore adhered to the vibrating body and was 

drawn along after it. The viscosity correction was then in¬ 

troduced as a feature of gravity work. Recently a large dis¬ 

crepancy was found to exist in the direction of a line; the 

cause, now apparent, but for some time unsuspected, is lateral 

refraction, resulting from the proximity of the line of sight 

to the mountain range; and so we might go on noting in¬ 

stances of the same kind. Results that are systematically 
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discordant may always be reconciled by carefully gathering 

facts and seeking the cause. 

The supreme test of a result is its verification by independ¬ 

ent methods or its agreement with known laws, and in con¬ 

clusion I shall call attention to a few tests that have been 

applied to the work in question. The simple operation of 

closing a triangle is of daily occurrence. In the best work 

of our arc the accuracy attained is such that the lines of 

sight are within a fifth of a second of the truth, which 

amounts to saying that the linear value of the uncertainty 

is only towot of an inch on the limb of the instrument used. 

Independent determination of points in latitude and lon¬ 

gitude by astronomical observation will be within 10 feet of 

the astronomical position. In order to fully appreciate this 

degree of precision, we need only reflect that a change of 10 

feet in the position of a latitude instrument on the earth’s 

surface corresponds to a change of height of one end of the 

level by utoVtto part of an inch—that is to say, we would ob¬ 

serve the same effect in our bubble by moving the instru¬ 

ment 10 feet as we would by lifting one end of the level the 

amount stated. This shows that 10 feet on the surface of 

the earth determined by astronomical means is a very small 

and almost inappreciable quantity. 

The longitude work has an accuracy equal to that just 

cited, the uncertainty being about of a second of time in 

primary positions. 

The quality of the triangulation is best shown by a com¬ 

parison of bases. The Fire Island one, nearly 9 miles long, 

was determined in five different ways through 1,800 miles 

of triangulation, and the extreme range of the results is only 

two-tenths of a meter. The value from Kent Island base, 5 

miles long and 263 miles away, only differed from that given 

by the Atlanta base, nearly 6 miles long and 868 miles away, 

by one centimeter. 

Another striking example is found in the agreement of 

the American bottom base, measured by the Coast and Geo¬ 

detic Survey, and the Olney base, measured by the United 
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States engineers. Here is an instance where two organiza¬ 

tions, working independently, at different times, with dissim¬ 

ilar instruments, could find no appreciable difference in 

their results after their bases had been carried 110 miles by 

triangulation. This is even more remarkable than the cele¬ 

brated work of the Spaniards on the plains of Madridejos, 

where the probable error of their base-line is given as ap¬ 

proximately 5-00W0T part. The perfect coincidence, how¬ 
ever, of the two bases cited above must be regarded as purely 

accidental. 

31—Bull. Phil. Soe., Wash., Vol. 13. 
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Men and women occupied with the small and special de¬ 
tails of a large and complex work are not well situated for 
understanding the scope of the large work to which they con¬ 
tribute. The shop girl in Waterbury who spends her days 
and years in cutting threads on tiny screws may have very 
limited knowledge and erroneous opinions about the watch 
industry. The trained arithmetician who spends his months 
and years in adjusting triangulation or verifying computa¬ 
tions does not thereby acquire valuable opinions as to the 
scope and conduct of a great national survey. In our day 
many, if not all, branches of human knowledge and activity 
are widening. As they widen they are specialized. The 
student of nature, the practitioner of medicine or law, the 
artisan, each is prone to contract the size of his field of ac¬ 
tivity, and to study more profoundly some small part of the < 
large subject. Even the farms grow smaller and are better 
cultivated than formerly. Such subdivision of the field of 
study and activity into special and smaller fields has for 
a century at least progressed steadily, and the world has 
gained thereby. Many have become profoundly learned or 
highly skilled in some small subject. You will recall the 
story of the German professor who near the close of a long 

32—Bull. Phil. Soc., Wash., Vol. 13 * (223) 
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life devoted to the dative case regretted that he had chosen 

so large a field. “ I ought,” said he, “ to have confined 

myself to the iota subscript.” I will not deny—nay, I am 

persuaded that the specialization of which I speak is wise, 

that by it the welfare of the race is promoted. But while 

this is so, it should ever be borne in mind that specialized 

knowledge is not a substitute for general knowledge. It is 

something called for by the increased and increasing sum of 

human knowledge; but if by it the number of students of 

larger and unspecialized fields is greatly reduced harm may, 

indeed must, result. 

My purpose, however, is not to call attention to possible 

perils from undue specialization, for before this audience that 

is unnecessary. The subject has been discussed and is well 

understood. 

For many years my work has been along geographic lines, 

and this has led me to select as the theme for this annual 

address the Geography of the United States; notits mathematical 

geography, nor its physical geography, nor its political geog¬ 

raphy, nor its commercial geography, any one of which might 

be treated with more ease than the general subject. And yet 

a consideration of the whole field and a picture of the general 

progress made in the geography of the United States since 

its creation will, it is hoped, prove profitable—more profitable, 

indeed, if well done, than a more minute examination of a 

more limited subject. It is not uncommon when a subject of 

large scope has been chosen to hear the comment, “ He has 

chosen a large subject; ” and sometimes we think we see in this 

an implied opinion that the speaker shows either unwisdom 

or audacity in such choice. I will not deny that either or 

both may be true in this case, but will at once invite you to 

follow me in a most general review of a century’s progress in 

the diffusion of geographic knowledge in and as to the United 

States. 

It is not to the details or agencies by which our knowledge 

has been acquired that I would draw attention. This has al¬ 

ready been done many times. In the stout and repulsive black 
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volumes that for years have, from the government printing 

office, been poured out over the country without stint or 

price—in these are set forth with elaborate minuteness the 

geographic work done by the United States. The particular 

fields investigated by boundary surveys, by the Coast Survey, 

by the General Land Office, by the Lake Survey, by the 

Pacific Railroad Surveys, by the Wilkes Exploring Expedi¬ 

tion, by the Rodgers Exploring Expedition, by the so-called 

Hayden, Wheeler, and Powell surveys, by the Northern 

Transcontinental survey, by various State surveys, topo¬ 

graphic and geologic, and by the U. S. Geological Survey— 

all these are duly recorded and published in scores of for¬ 

bidding black volumes. These volumes record the increase 

in geographic knowledge, but throw little light on its diffu¬ 

sion. For this we look to the text-books, to public addresses 

in Congress and out, to newspaper and magazine articles, and 

to public lectures. These reflect the general knowledge of 

the community as to geography. This phase of the subject 

shall be our theme. 

It is now one hundred and nine years since thirteen sov¬ 

ereign and independent states, loosely bound together in a 

confederation, agreed to form a “ more perfect union.” By 

a narrow majority and after protracted debate they ac¬ 

cepted the terms of an instrument which bound them in an 

indissoluble union. In April, 1789—one hundred and eight 

years ago—Washington was inaugurated. That we may 

clearly note our geographic progress since that event let us 

picture to ourselves in broad outline the geographic environ¬ 

ment of that time. 

The total area of the original thirteen states was 830,000 

square miles, an area a little larger than Alaska. The popu¬ 

lation was about 4,000,000, or a little more than that of 

Greater New York today. Of the whole area only about 30 

per cent contained ally population, and even within this area 

the people were gathered for the most part in a narrow fringe 

along the Atlantic seaboard. The largest city was New York, 

with a population of 33,000—i. e., it was about as large as the 
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Yonkers or Youngstown of today. Waterbury, Connecticut, 

wijbh a population of 29,000, is a little larger than was Phila¬ 

delphia in 1790. Boston contained a population of 18,000 ; 

Charleston, South Carolina, 16,000; Baltimore, 13,000, and 

Salem, Massachusetts, 8,000. After these only thirteen others, 

all still smaller, find a place in the first census. 

Maine was a province of Massachusetts, with a northeastern 

boundary undefined and awaiting an international boundary 

conference for its determination. Most of its territory then 

was, as some still is, barely explored. To the north, then as 

now, was a British province; to the west and south, Spanish 

possessions. This phrase Spanish possessions must here be 

taken in a Pickwickian sense, for these regions owned by 

Spain were still almost exclusively possessed by the aborigines. 

Traveling was chiefly done on horseback and by stages. 

The days of railroads and steamboats were in the future. 

Even the system of canals and national highways, so much 

exploited in the early decades of the century, was not yet 

begun. 

Of maps of the region there were several, fairly good for 

their time. None of them, however, were based on surveys. 

The maps of Thomas Jefferys, geographer to King George 

during the revolutionary period, are as a whole the best, and 

fairly representative of the geographic knowledge thetL exist¬ 

ing. While these maps of Jefferys, as well as others, recorded 

the best geographic information then extant, it does not ap¬ 

pear that the information they contained was widely diffused. 

General ignorance as to geography must have been great. 

Noah Webster, the lexicographer, writing in 1840, says of 

the teaching in the schools when he was a boy : 

“When I was young, or before the Revolution, the books used were 

chiefly or wholly Dilworth’s spelling books, the Psalter, Testament, and 

Bible. No geography was studied before the publication of Dr. Morse’s 

small books on that subject, about the year 1786 or 1787. * * * Except 

the books above mentioned, no book for reading was used before the 

publication of the Third Part of my Institutes, in 1785. In some of the 

early editions of that book I introduced short notices of the geography 

and history of the United States, and this led to more enlarged descrip¬ 

tions of the country.” 
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Thus we learn that geography teaching began with a few 

geographic notes inserted in a spelling book published just 

prior to Washington’s inauguration. 

Dr. Morse, to whom Webster here refers, was the Rev. Jede- 

diah Morse, minister of the Congregational church in Charles¬ 

town, Massachusetts. He published in 1789 an octavo vol¬ 

ume of 534 pages, entitled The American Geography. This 

book was, four years later, greatly enlarged and published in 

two volumes with the title The American Universal Geography. 

A fourth edition, extensively revised, appeared in 1801 or 1802, 

a fifth in 1805, a sixth in 1812, and a seventh in 1819. The 

fifth edition of 1805, and presumably all later ones, was accom¬ 

panied by a little quarto atlas containing about sixty maps and 

entitled A New and Elegant General Atlas, drawn by Arrow- 

smith and Lewis. 

As a special writer on geography, Morse appears to have 

been the first American in the field. He continued to write 

for many years, and after his death the son published revised 

editions of his father’s works. As Morse’s geographies, or 

abridgments of them made by himself or others, were exten¬ 

sively used in the schools, we may now learn from them 

something of the “ state of the art,” as our patent experts and 

attorneys would say, of geographic teaching in the early years 
of the century. 

It is worth while to note, in passing, the high esteem in 

which the work done by Morse was held. The numerous 

editions called for and sold at home and its translation and 

sale abroad attest its value. Samuel G. Goodrich, who wrote 

so much over the name Peter Parley, referring to his boy¬ 

hood school days, about 1800 to 1810, in Ridgefield, Con¬ 
necticut, says: 

“ When I was there two Webster’s grammars and one or two Dwight’s 

geographies were in use. The latter was without maps or illustrations, 

and was in fact little more than an expanded table of contents taken from 

Morse’s Universal Geography—the mammoth monument of American 

learning and genius of that age and generation.” 

The third edition of Morse’s abridgment was published 

in 1791. As to maps it contains only crude diagrams of the 
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world, of the continents, and of the United States. For the 

most part, therefore, it is clear that our grandparents got 

vague and crude ideas of geographic situation, extent, and 

relation, since clear views of these are not gained without 

maps, sometimes indeed not even with them. The points 

emphasized by Morse are the points which were of command¬ 

ing interest and importance in his day. 

Fertile soil, healthy climate, hut especially transportation 

routes, are described in general and in particular, and are 

dwelt upon. The facilities which the rivers and lakes afford 

for commerce impressed our forefathers much more forcibly 

than even today the water routes to the Klondike impress 

the imagination of the gold-hunter. 

You will recall that on the old maps the Ohio river ap¬ 

pears as La Belle Riviere—the beautiful river. To the French 

voyageurs La Belle Riviere was more than a mere name. Its 

deep and placid waters, affording an easy and delightful nat¬ 

ural highway for a journey almost a thousand miles long, 

unbroken by falls or rapids, were to them indeed beautiful. 

Of it Morse says: 

“The Ohio is the most beautiful river on earth. Its gentle current is 

unbroken by rocks or rapids except in one place. It is a mile wide at its 

entrance into the Mississippi, and a quarter of a mile wide at Fort Pitt, 

which is 1,188 miles from its mouth.” 

This distance, 1,188 miles, has now shrunk to 965 miles. 

As to the Mississippi he says: 

“The principal river in the United States is the Mississippi, which 

forms the western boundary of the United States. It is supposed to be 

3,000 miles long and is navigable to the falls of St. Anthony.’’ 

In the numerous lakes and rivers scattered over the land 

Morse saw a bond of union between the future settlers. He 

points out the ease with which a complete network of water¬ 

ways might be constructed and its effect. He says: 

“By means of these various streams and collections of water the whole 

country is checkered into islands and peninsulas. The United States, 

and indeed all parts of North America, seem to have been formed by 

Nature for the most intimate union. For two hundred thousand guineas 
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North America might be converted into a cluster of large and fertile 

islands, communicating with each other with ease and little expense, and 

in many instances without the uncertainty or danger of the sea.” 

The Western Territory at this time (1790) comprised what is 

now Ohio, Indiana, Illinois, Michigan, Wisconsin, and Min¬ 

nesota. It was practically without settlers. Morse guesses 

that it contained 6,000 French and English immigrants and 

negroes. As to this region, but more particularly Ohio, In¬ 

diana, and Illinois, says Morse: 

“It may be affirmed to be the most healthy, the most pleasant, the 

most commodious, and most fertile spot of earth known to the Anglo- 

Americans. The design of Congress and the settlers is that the settle¬ 

ments shall proceed regularly down the Ohio and northward to Lake 

Erie.” 

It will be remembered that at this early date Congress met 

in Philadelphia. The longitudes given by Morse are reck¬ 

oned from Philadelphia. Where the future capital of the 

United States was to be, no one then knew. The selection 

of the present site was actually made by Congress in 1790. 

Before Morse had knowledge of such selection he indulged 

in this bit of speculation as to the future capital. Speaking 

of the future state of Ohio, then nameless, he says: 

“The center of this state will fall between the Scioto and the Hok- 

hoking. At the mouth of these rivers will probably be the seat of gov¬ 

ernment for this state ; and, if we may indulge the sublime contemplation 

of beholding the whole territory of the United States settled by an en¬ 

lightened people, and continued under one extended government; on the 

river Ohio and not far from this spot will be the seat of empire for the 

whole dominion.” 

As to the region west of the Mississippi, it was then Spanish. 

Originally French by discovery and occupation, it had passed 

from France to Spain by cession in 1763. In the light of 

what it now is, a few words from Morse’s speculations in 1791 

as to its future throw light on the geography of his time. 

He says: 

“A settlement is commencing, with advantageous prospects, on the 

western side of the Mississippi, opposite the mouth of the Ohio. The 

spot on which the city is to be built is called New Madrid, after the cap- 
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ital of Spain. The settlement, which is without the limits of the United 

States, in the Spanish dominions, is conducted by Colonel Morgan under 

the patronage of the Spanish King.” 

New Madrid, Morse thought, was to become a great empo¬ 

rium of trade unless the free navigation of the Mississippi 

should be opened to the United States, and this, he thought, 

would not occur without a rupture with Spain. 

Some had thought that all settlers beyond the Mississippi 

would be lost to the United States. Morse discusses this at 

some length, and concludes with a paragraph which we quote 

entire: 

“We cannot but anticipate the period as not far distant when the 

American Empire will comprehend millions of souls west of the Missis¬ 

sippi. Judging upon probable grounds, the Mississippi was never de¬ 

signed as the western boundary of the American empire. The God of 

Nature never intended that some of the best parts of his earth should be 

inhabited by the subjects of a monarch 4,000 miles from them. And may 

we not venture to predict that, when the rights of mankind shall be more 

fully known, and the knowledge of them is fast increasing both in Europe 

and America, the power of European potentates will be confined to Europe, 

and their present American dominions become, like the United States, 

free, sovereign, and independent empires.” 

These sentiments have ever taken deep root in the United 

States. When President Monroe, more than a quarter of a 

century later, wrote the State paper that has forever linked 

his name with the sentiment, “ America for the Americans,” 

he did not create or express new or strange doctrines, but 

simply gave expression to an abiding conviction of the 

American people. 

Such in brief is a word picture of the geography of the 

United States at the beginning. Let us now go forward a 

generation, to about 1820, and note the changes. Our second 

and, let it be hoped, last war with Great Britain is over. By 

the first war political independence was won, by the second 

commercial freedom. Our ships might now go where and 

when they would, freed from hateful and hated search by 

any foreign power. Freedom from dependence on foreign 

manufactures had taken root and was making vigorous growth. 
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It is difficult to fully realize the burning zeal with which every 

one was imbued to make the United States dependent upon 

nothing but itself. It was not enough to be politically free. 

Freedom was not fully won so long as we were compelled to 

depend upon foreign powers for anything whatsoever. In 

the introduction to his little geography of 1791, Morse voices 

these sentiments. He says: 

“It is to be lamented that this part of education (geography) has 

hitherto been so much neglected in America. Our young men, univer¬ 

sally, have been much better acquainted with the geography of Europe 

and Asia than with that of their own state and country. The want of 

suitable books on this subject has been the cause, we hope the sole cause, 

of this shameful defect in our education. Till within a few years we have 

seldom pretended to write, and hardly to think for ourselves. We have 

humbly received from Great Britain our laws, our manners, our books, 

and our mode of thinking; and our youth have been educated rather as 

the subjects of the British king than as citizens of a free republic. But 

the scene is now changing. The revolution has been favorable to science, 

particularly to that of the geography of our own country.” 

The great lexicographer, Noah Webster, was inspired by 

the same views when preparing his dictionary; and espe¬ 

cially did that great democrat, Jefferson, strive unceasingly 

to complete the independence of which the political part was 

definitively secured by the peace of 1783. 

He would not have us reckon our longitude from a foreign 

meridian, or depend upon a foreign country for an ephemeris 

or for coast charts. Accordingly, in 1804, a meridian through 

the Executive Mansion was surveyed and marked on the 

ground as the first meridian of the United States. The name 

Meridian Hill survives in testimony of this. In 1807 the 

Coast Survey was created to accurately chart our coasts for 

purposes of commerce and defense ; and in 1804 the famous 

expedition of Lewis and Clarke to the Pacific ocean expanded 

our political and mental horizon in matters geographic. A 

great system of national highways, both roads and canals, 

was projected and pushed forward. The practical introduc¬ 

tion of steamboats stimulated progress. Lake Champlain 

was connected with the Hudson by a canal, while work upon 

“ Clinton’s ditch,” or the Great Western canal, as the Erie 

33—Bull. Phil. Soc., Wash., Vol. 13 



232 BAKER. 

canal was then called, was being pushed forward with great 

energy. The object of this canal, as Morse tells us, was “ to 

turn the trade of the western country from Montreal to New 
York.” 

In 1791 there were only 89 post-offices in the United States. 

Twenty-five years later, in 1817, there were 39 times as 

many ; 3,459. Each day in the year (1791) the mails were 

carried 10,000 miles by stages and 11,000 on horseback 

and in sulkies. Mail was carried along one continuous 

route from Anson, in the district of Maine, via Wash¬ 

ington, D. C., to Nashville, Tennessee, 1,448 miles; an¬ 

other mail route was from St. Marys, Georgia, via Washing¬ 

ton, D. C., to Highgate, in Vermont, 1,369 miles. These were 

the longest mail routes in the United States. Postage stamps 

were not yet invented, and the postage on each letter, which 

was limited to a single sheet of paper, was 25 cents. 

The beginning of the third decade, or about 1830, may be 

regarded as marking the decadence of that grand scheme of 

internal communication by canals and national highways 

which had hitherto filled the imaginations of statesmen and 

publicists. The railroad had been born and a revolution had 

begun, the end of which not the wisest could or can foresee. 

To this railroad system were we indebted, and we are still 

indebted, for a stimulus to geographic research, which has 

continued undiminished to our own day. 

The twelfth edition of a school book on geography by 

Daniel Adams appeared at Boston in 1830. This book ap¬ 

pears to have been revised and brought down to 1827. A 

few extracts from it will give a picture of the geographic 

knowledge then existing. He says : 

“ Vessels are from 5 to 30 days on their passage up to New Orleans, 87 

miles, although with a favorable wind they will sometimes descend in 

12 hours. From New Orleans to Natchez, 310 miles, the voyage requires 

from 60 to 80 days. Ships rarely ascend above that place. It is naviga¬ 

ble for boats carrying about 40 tons and rowed by 18 or 20 men to the 

falls of St. Anthony. From New Orleans to the Illinois the voyage is per¬ 

formed in about 8 or 10 weeks. Many of these difficulties, however, now 

are happily overcome, and much is gained by the successful introduction 

of steam navigation.” 
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The children in our schools today are asked, among other 

things, to set forth the advantages for commerce possessed by 

the Western States. This is the answer to that question which 

Mr. Adams furnished to their grandparents. As to these 

Western States, which comprise all west of the Alleghany 

mountains, he says: 

“The remote situation of this country from the seaboard renders it 

unfavorable to commerce. This inconvenience, however, is in some de¬ 

gree remedied by its numerous large and navigable rivers, the principal 

of which is the Mississippi, the great outlet of the exports of these States; 

but such is the difficulty of ascending this river that most of the foreign 

goods imported into this country have been brought from Philadelphia 

and Baltimore in wagons over the mountains, until the invention of 

steamboats, by which the country now begins to be supplied with foreign 

goods from New Orleans.” 

The following passage, also from Adams, throws strong 

light on the knowledge current in 1827 as to the great prai¬ 

ries of the west. 

‘ ‘ Pilkava prairie or plain is a high, level ground in this state (he is 

speaking of Indiana), seven miles long and three broad, of a rich soil, on 

which there was never a tree since the memory of man. Two hundred 

acres of wheat were seen growing here at one time a few years since yield¬ 

ing fifty bushels on an acre.” 

Missouri Territory at this time, so wrote Adams— 

“ Extends from the Mississippi on the E. to the Pacific ocean on the 

W., and from the British Possessions on the N. to the Spanish possessions 

on the south. 

In all this great region the only features mentioned by 

Adams are the Mississippi, Missouri, and Columbia rivers, 

the Rocky mountains, and Astoria. St. Louis, with a popu¬ 

lation of 4,600, was the center of the fur trade. Similarly De¬ 

troit, in Michigan Territory, with a population of 1,400, was a 

fur-trading station, while western Georgia was still in posses¬ 

sion of the Indians called Creeks, “ the most warlike tribe 

this side the Mississippi.” 

“ The White mountains,” he tells us, “ are the highest not only in New 

Hampshire, but in the United States. Mt. Washington, the most elevated 

summit, has been estimated at about 7,000 feet above the level of the sea.” 
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Finally, as to Alaska the golden, from which so much of 

wealth and of disappointment is to come, onr author couples 

it with Greenland and dispatches it in this one sentence: 

“There are also Greenland on the northeast (of N. America), be¬ 

longing to Denmark, and the Russian settlements on the northwest, both 

of small extent and little consequence.” 

These citations serve to indicate the horizon of geographic 

knowledge 70 years ago, a horizon which was steadily widen¬ 

ing. Stories of wondrously fertile lands west of the Alleghe¬ 

nies found their way to the rocky and sterile farms of the 

east, and a steady stream of migration to better lands, where 

the struggle for existence should be less severe, poured over 

the Alleghenies and onward toward the sunset. In the 

vanguard was the Government surveyor measuring out the 

land and subdividing it for farms. Working hurriedly in 

a wilderness, among native tribes not always friendly, his 

surveys were not, perforce, accurate, nor indeed was it impor¬ 

tant they should be. They yielded a basis for titles to home¬ 

steads and for clear and easily understood descriptions. The 

results of these subdivisional surveys constitute substantially 

the only bases for the maps for much the greater part of all 

of our “ Great West ” to this day. 

Already before 1840 the question of supremacy of canal or 

railroad had been settled. In Peter Parley’s geography of 

1840 a tabular exhibit of railroads and of canals in the United 

States shows that there were then 46 canals, with a total 

mileage of about 4,800 miles, and 88 railroads, with a 

total mileage of nearly 7,700 miles. Progress in railroad¬ 

building demanded surveys and maps. Accordingly these 

were made; knowledge of geography was increased, and in¬ 

creased at a rapid pace. Whenever a little known region is 

found to possess wealth or the means of its rapid acquire¬ 

ment, knowledge of the geography of that region increases 

extraordinarily fast. Witness the increase and diffusion of 

knowledge as to Alaska in the past twelve months. The peace¬ 

ful expanding of our horizon of geographic knowledge con¬ 

tinued steadily and uniformly. But crises in human affairs 
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sometimes hasten progress; wars, rumors of wars even, some¬ 

times make possible the seemingly impossible. 

The northern boundary of the United States, from Maine 

to the crest of the Rocky mountains in Montana, as we now 

see it on the maps, was definitely settled in 1842. For more 

than half a century prior to that date this frontier had been 

in dispute between Great Britain and the United States. 

Repeated attempts to settle it had met with repeated failure. 

Boundary disputes, as we know, are ever long-lived and 

bitter. In April of the year 1842 Lord Ashburton arrived in 

Washington with full power to negotiate a treaty for settling 

this old and irritating controversy. Webster was then Secre¬ 

tary of State in the cabinet of President Harrison. Before 

the year had ended a treaty, now known as the Webster- 

Ashburton treaty, had been drafted, agreed to, signed, ratified, 

and proclaimed as the law of the land. Webster regarded 

this settlement as “ the greatest and most important act of his 

eventful life.” That the settlement was just may be inferred 

from the fact that it displeased both parties, and both Web¬ 

ster and Ashburton were criticised at home for sacrificing 

the interests of their respective countries. 

But this treaty line stopped at the crest of the Rocky moun¬ 

tains, and immediately there arose the Oregon question. 

That question was whether Great Britain or the United States 

owned the territory which now comprises western Montana, 

Idaho, Oregon, Washington, and British Columbia. Much 

bitterness and angry contention followed before the 49th 

parallel was, in 1846, finally agreed upon as the boundary. 

The debates in Congress and in Parliament during* the years 

1842-1846, and articles in leading journals and reviews, after 

generously discounting their partisan overstatement, clearly 

portray the then prevailing knowledge, or rather, should I not 

say, the prevailing ignorance, as to the whole region west of 

the Mississippi. 

Mr. Winthrop, of Massachusetts, in 1844 in the House of 

Representatives, cited with approval these words spoken by 
Benton, in the Senate, in 1825: 
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“The ridge of the Rocky mountains may be named without offence as 

presenting a convenient natural and everlasting boundary. Along the 

back of this ridge the western limits of the Republic should be drawn, 

and the statue of the fabled god Terminus should be raised upon its 

highest peak, never to be thrown down.” 

On January 25,1843, Senator McDuffie, of South Carolina, 

speaking of the country now embraced in the two Dakotas, 

Nebraska, Kansas, and thence northwestward to Oregon and 

Washington, said: 

“ What is the character of this country ? Why, as I understand it, that 

seven hundred miles this side of the Rocky mountains is uninhabitable, 

where rain scarcely ever falls—a barren and sandy soil—mountains totally 

impassable, except in certain parts. Well, now, what are we going to do 

in such a case as that ? How are you going to apply steam ? Have you 

made anything like an estimate of the cost of a railroad running from here 

to the mouth of the Columbia? Why, the wealth of the Indies would be 

insufficient! You would have to tunnel through mountains five or six 

hundred miles in extent. Of what use will this be for agricultural pur¬ 

poses ? I would not, for that purpose, give a pinch of snuff for the whole 

territory. I wish it was an impassable barrier to secure us against the 

intrusions of others. If there was an embankment of even five feet to be 

removed, I would not consent to expend $5 to remove that embankment 

to enable our population to go there. I thank God for his mercy in 

placing the Rocky mountains there.” 

A writer in the Westminster Review, in 1846, thus describes 

the great plains of Nebraska, Kansas, and Oklahoma: 

“ From the valley of the Mississippi to the Rocky mountains the United 

States territory consists of an arid tract extending south nearly to Texas, 

which has been called the Great American Desert. The caravan of emi¬ 

grants who undertake the passage take provisions for six months, and 

many of them die of starvation on the way.” 

Indeed, the question much debated at the time was, Is 

Oregon worth saving? Both Winthrop and Webster were 

of opinion that the government would be endangered by 

a further enlargement of territory. Mr. Berrien declared 

that the region under discussion was a barren and savage 

one, as yet unoccupied, except for hunting, fishing, and trad¬ 

ing with the natives, while Mr. Archer said the part near 

the coast alone contained land fit for agricultural purposes, 

and there were no harbors which were or could be rendered 
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tolerable. And yet, out of all this hot debate and war talk, 

there emerged in 1846 peace, Oregon, and the forty-ninth 

parallel. And out of all the ominous mutterings in 1898, 

and the fever heat that is now at the danger line, there will 

emerge—I am not a prophet, but let us hope, there will 

emerge—white-winged peace, honorable to Spain and to us, 

justice for all, and freedom for Cuba. 

Three years later came the discovery of gold in California. 

Then California, as now Klondike, set the imaginations of 

men on fire. Long caravans of ox teams in endless succes¬ 

sion wended their slow way across the plains, the mountains, 

and the deserts to the sunset land of gold. Government sur¬ 

veys for a railroad promptly followed, and crude and imper¬ 

fect knowledge as to the region rapidly gave place to better, 

though still defective, knowledge of the Great West. 

Then came war and the need of war maps. All available 

agencies for their production for the use of army and navy 

were drawn upon, and the need of topographic maps for mili¬ 

tary purposes, hitherto clear to the few, was now made clear 

to the many. 

In the years immediately following the civil war several 

events occurred which gave a fresh impetus to geography. 

The completion of a railroad across the continent had a pro¬ 

found significance and importance. It was a bond of iron 

which, shortening the time and distance between east and 

west, bound .them closer in ties of affection and interest. 

The western pioneer of ’49 and ’50 could revisit his old 

home and friends in the east, and opportunity was afforded 

to many in the east to get some personal knowledge of the 

boundless west. 

In 1867 Alaska was purchased. The discussions in Con¬ 

gress and out preceding and following that purchase were 

spread abroad and taught Alaskan geography to the masses; 

and yet there was little to teach, for but little was known. 

The government, the great agency of geographic research 

in this country, at once began to explore its new purchase, 

to survey, and to map it. This work has with varying vicis- 
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situdes continued to this very year, when the work of explo¬ 

ration and survey is, under the stimulus of gold discoveries, 

being conducted on a scale never hitherto attempted there- 

It was in that same year, 1867, that Major J. W. Powell made 

his adventurous voyage down the Colorado river and brought 

the world its first clear knowledge of the Grand Canon, great¬ 

est of all nature’s wonders in our land. It was shortly after 

this that from the Hayden Survey came tidings of that region 

of wonders—the Yellowstone Park. 

In the thirteen years immediately following the civil war 

three national surveys were engaged in the west in gather¬ 

ing information as to the character and extent of the natural 

resources of the western territories—territories for the most 

part then containing few inhabitants except Indians. The 

rise of these surveys was rapid, the results secured interest¬ 

ing and valuable, and their rivalry and clashing inevitable. 

Many thousands of square miles of territory were roughly 

mapped out and many books and reports, both popular and 

scientific, were produced. 

In 1878 a reorganization was proposed and the National 

Academy of Sciences asked to submit a plan. This it did, 

and submitted it to Congress. The outcome was the present 

U. S. Geological Survey, created in March, 1879. It replaced 

the prior organizations familiarly known as the Hayden, Pow¬ 

ell, and Wheeler surveys. 

The work laid out for the newly created Geological Survey 

was geological and its field the national domain. What is 

the national domain f Is it restricted to the territories and 

places actually occupied by the United States, or does it em¬ 

brace every spot where the Stars and Stripes may float ? Con¬ 

gress after a long debate answered this question and author¬ 

ized surveys to be made in every part of our whole Union. 

Again, geological investigations cannot be satisfactorily made 

nor geological results satisfactorily exhibited without maps, 

topographic maps—i. e., maps which show the shapes and 

forms as well as positions on the surface. Such maps did 

not exist. A fragment here and there, to be sure, existed—a 
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fringe of sea and lake coast; but these constituted only a bare 

beginning. Accordingly, in 1882 authority was given and 

the beginning of the mighty task of making a topographic 

map of the United States was begun. That work has for 

sixteen years progressed without interruption, and today 

we have contour topographical maps covering more than 

600,000 square miles. In almost every state and territory 

in the Union work has been done, while Massachusetts, Con¬ 

necticut, Rhode Island, New Jersey, and the District of Co¬ 

lumbia are completely mapped. 

That the prosecution of this work and the distribution of 

the maps has profoundly influenced interest in and knowl¬ 

edge of geography of the United States goes without saying. 

These maps are in the hands of engineers, of projectors of 

improvements, of teachers, of text-book makers, and of geo¬ 

graphic students everywhere. The standards of school geog¬ 

raphies have risen, methods of geographic teaching have 

been changed, and a better understanding of the relations to 

environment produced. 

And thus the first century of progress in geography ends 

with a rate of progress both in research and in teaching never 

surpassed. That which has been already accomplished is 

great, yet it is but a small part of that which remains to be 

done. 

34—Bull. Phil. Soe., Wash., Vol. 13 





ON THE COMPARISON OF LINE AND END 

STANDARDS. 

BY 

Louis Albert Fischer. 

[Read before‘the Philosophical Society of Washington, May 28, 1898.] 

The most formidable errors in the comparison of line 

standards are due to the unknown temperatures of the stand¬ 

ards, but with proper facilities, such as a room of practically 

constant temperature and specially designed comparators, 

results may readily be obtained the probable errors of which 

will not exceed the -go-ooo'oo- part of the standards, or 0.2 of a 
micron in the case of a metre. In addition to the temper¬ 

ature, other difficulties are, however, presented when effort 

is made to determine the relation of an end to a line stand¬ 

ard—difficulties due to the indirect methods that must be 

employed and which unfortunately not only cause greater 

accidental, but introduce constant errors as well. 

The method that has been employed in the more recent 

and important comparisons of this kind is that suggested by 

Fizeau. It was used at the International Bureau of Weights 

and Measures in 1881* to determine the relation of the Metre 

of the Archives to the Provisional metre, with which the 

present international and the various national prototypes 

were afterwards compared. 

It was also used in this country in 1889 by Mr. 0. H. 

Tittmann t to compare the Committee metre with the Rep- 

sold metre belonging to the United States Army engineers. 

* Travaux et Memoires du Bureau International des Poids et Mesures, 

Tome X. 

f Bulletin No. 17, U. S. Coast and Geodetic Survey. 

35—Bull. Phil. Soc., Wash., Vol. 13 (241) 
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The Committee metre is an end standard, and prior to 1890 

it was the metric standard of the United States Coast and 

Geodetic Survey and of the Office of Standard Weights and 

Measures. The Repsold metre is a line standard, and as it 

had been compared at the International Bureau in 1883 the 

relation of the Committee metre to the International metre 

was established by Mr. Tittmann’s observations. 

While the method of Fizeau * is known to every metrol- 

ogist, a brief description of it here may not be considered 

out of place. The method depends upon the fact that the 

image of an object reflected from a plane surface appears to 

be as far behind the surface as the object is in front. This 

is taken advantage of by bringing opaque points or a spider 

thread nearly into contact with each of the end surfaces of the 

bar to be compared, thus making it possible to observe on 

the end surfaces by estimating the centre of the space be¬ 

tween the points or thread and their reflected images. The 

distance between the end surfaces, as determined in this way, 

may then be compared with a line standard on any compar¬ 

ator suitable for comparing line measures. 

It had been pointed out by Fizeau that if the focusing 

upon the points and their reflected images be imperfectly 

done, errors would result from the fact that only one-half of 

each objective is used when the end standard is in position. 

This conclusion was based upon the following theoretical 

consideration of the lens : 

(1.) Let C (Fig. 4) be the aplanatic objective of a micro¬ 

scope and F the conjugate focus of the point 0. Assume, 

* Travaux et Memoires du Bureau International des Poids et Mesures, 

Tome X. 
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also, that the plane of the cross-wires coincides with F. Then 

all rays emanating from 0 will converge at F, no matter 

where the points of incidence, A and B, are on the surface of 

the objective. In this case the cutting off of the rays which 

strike the lens at A would not affect the position of the image 

with respect to the cross-wires. 
(2.) If, however, without disturbing the relation 0 C, we 

move the plane of the cross-wires to a' b', then the image of 

the point 0, formed by rays from A, will apparently be dis¬ 

placed, with respect to the wires, in the direction of A. 

(3.) If, on the contrary, we move the plane of the cross¬ 

wires to a" b", the image formed by rays from A will ap¬ 

parently be displaced, with respect to the wires, in the oppo¬ 

site direction to A. Exactly the same reasoning applies to B. 

In a micrometer microscope the distance between the ob¬ 

jective and the plane of the cross-wires is fixed, whereas the 

distance 0 C is variable, for the reason that it is determined 

solely by estimating when the image, viewed in the plane of 

the cross-wires, has its maximum clearness of outline—that 

is to say, we attempt to make the conjugate focus coincide 

with the plane of the cross-wires. If, however, the distance 

between the observed object and objective were made too 

great, the conjugate focus would fall in front of the plane 

of the cross-wires, and hence the image would apparently be 

displaced, with respect to the wires, in the opposite direction 

to A; and if the distance were made too small, the conjugate 

focus would fall behind the cross-wires, and the image of the 

object would apparently be displaced in the direction of A. 

It is evident from the foregoing that if an observer were 

to systematically focus in such a way as to make the distance 

between the objectives and the points or threads on the ends 

of the bar too great or too small constant errors would be in¬ 

troduced in the comparison; and it was to eliminate this 

source of error that the following arrangement, due to Cornu, 

was used in the International Bureau observations: 

In front of each microscope a movable screen, pierced by 

a small opening, was so mounted that the opening could be 
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made to assume the two fixed positions, A and B (Fig. 4). 

Then, by making the opening take the two positions indi¬ 

cated, it was not only possible to determine when the points 

and their reflected images were in proper focus, but the size 

and the direction of the error could be determined; for, if 

the conjugate focus did not lie in the plane of the cross-wires 

and the opening were moved, it is evident that the image 

would apparently be displaced with respect to the wires, and 

the direction and amount of the displacement would deter¬ 

mine the direction and size of the error of focusing. 

Shortly after the receipt at the Office of Weights and 

Measures of the copies of the International metre allotted to 

the United States, a direct comparison of one of them, No. 21, 

with the Committee metre was undertaken for the purpose 

of settling the question of the absolute length of the Com¬ 

mittee metre. The ends of the Committee metre in the 

vicinity of the axis of the bar are less perfect than the re¬ 

mainder of the surfaces, and hence points on the surfaces 

which varied from 2 to 3 mm. from the axis were selected 

for comparison. It was decided at the beginning to make 

use of platinum points instead of spider threads, as was done 

by Mr. Tittmann, for the reason that the air of the vault in 

which the observations were to be made was quite damp, and 

would thus make it difficult to maintain the spider lines taut. 

Four groups of observations were made, the mean temper¬ 

atures of which varied from 3°.75 to 22°.34 centigrade, and 

with probable errors which ranged from 0.23 to 0.34 microns. 

While all the observations were exceedingly accordant, the 

value found for the Committee metre at 0°.0 centigrade dif¬ 

fered by 3*526 * from the value derived from the 1889 obser¬ 

vations, the values being as follows: 

1889.. 0. M. = 1 metre — 0*538 at 0°.0 cent. 

1895. C. M. — 1 metre + 2*588 at 0°.0 cent. 

The movable screen of Cornu was not used in either of the 

comparisons referred to, and it is therefore extremely prob- 

* One V = one micron - one-millionth of a metre. 
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able that part of the discrepancy in the two results is due to 

the observers having adopted different standards in focusing. 

The difficulty in determining when the points and their 

images were in focus w'as increased by the poor reflecting 

surfaces of the Committee metre, which rendered the reflected 

images much less perfect than the points themselves. 

The difficulty of providing the comparator used in the 

later observations with the necessary adjustments to render 

the use of the movable screen possible, and also the inferior 

surfaces of the Committee metre, led to the consideration of 

other methods. 

Several special contact methods for comparing line and 

end standards, notably that of Airy,* had been suggested and 

used, but none of them seemed applicable to this case. 

Fig. 5. 

Auxiliary abutting pieces have been used for many years 

in the Office of Weights and Measures to determine the dis¬ 

tance between the interior surfaces of the matrices (Fig. 5) of 

the State yards t on the Saxton Comparing Machine. J 

The manner of using these pieces is exceedingly simple. 

The abutting ends are first placed in contact with surfaces of 

the matrix, as shown in Fig. 5, and the distance between the 

lines ruled upon them is compared with the distance between 

0 and the 30th-inch stop of the Saxton Comparing Machine. 

The abutting ends are then placed in contact with one another 

and the distance between the lines is compared with the space 

between the 30th to 36th inch stop. The result of these opera¬ 

tions is that the length of the matrix is referred to the dis- 

* Philo. Trans, of the Roy. Soc. of London, vol. 147, part iii, p. 685. 

f Standard yards made for the States. 

t Report of the Secretary of the Treasury on the Construction and Dis¬ 

tribution of Weights and Measures, Wash., D. C., 1857. 
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tance between the 0 and 36th-inch stop, and it only remains 

to determine this distance, which may easily be done by com¬ 

paring it with a standard yard. 

The auxiliary pieces just described suggested a method for 

comparing the Committee metre, also depending upon the use 

of abutting pieces, the construction of which, however, re¬ 

quired considerable mechanical skill. The principal require¬ 

ment was that the lines ruled upon them should be so close 

to the abutting surfaces that when the pieces were in contact 

with one another the lines on both should be visible in the 

field of one of the Comparator microscopes. The distance be¬ 

tween the lines could thus be measured with the micrometer 

screws. This condition would also make it possible to directly 

compare the combined length of the Committee metre and 

abutting pieces with Prototype No. 21. 

Fig. 6. Fig. 7. 

Two platinum pieces meeting all requirements were con¬ 

structed in the Instrument Shop of the Coast and Geodetic 

Survey, of which Fig. 6 is a perspective and Fig. 7 a side 

view. 

Each of these pieces carries upon its horizontal surface a 

single line ruled parallel to the abutting surface and only 

0.8 of a millimetre from it. In addition, two parallel lines 

about 0.5 mm. apart are ruled perpendicular to the contact 

surface and across the first line. All observations were made 

on that portion of the single line between the two parallel 

ones. 
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The abutting surfaces are flat discs 6. mm. in diameter, 
and the material is turned out of the central portions, so 
that only a ring about 0.7 mm. wide was in contact with the 
ends of the Committee metre. 

Fig. 8 shows the abutting pieces when in contact with one 
another, and Fig. 9 when they are in contact with the Com¬ 
mittee metre. 

In both cases the pieces were pressed in contact by means 
of weak springs. No attempt was made to measure this 
pressure, for the reason that some experiments which were 
made proved conclusively that the pressure could be varied 
considerably without appreciably affecting the distance be¬ 
tween the lines. 

Pig. 8. Fig. 9. 

In order to determine the distance between the lines on 
the abutting pieces when they are in contact with one an¬ 
other it is essential that the line surfaces be in the same 
plane. This was effected by the following simple device: 
Two small pieces of plate-glass G G (Fig. 10), about 1 by 1.5 
cm., were laid upon a large plate of glass with just sufficient 
space between the edges of the smaller pieces to admit the 
projecting rings of the abutting pieces when in contact. 
Plaster of Paris was then poured over the small glass pieces 
and allowed to harden. The pieces of glass were thus “ set ” 
in the plaster, and the whole was then separated from the 
large glass plate. The plaster of Paris was then trimmed 
with a knife, and it was likewise removed from between the 
imbedded pieces of glass, after which the device was exam¬ 
ined. Since the two imbedded pieces of glass were in con¬ 
tact with the flat glass plate referred to, they were necessarily 
in the same plane, unless disturbed by the liquid plaster of 
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Paris. In order to test whether this had occurred, the re¬ 

flection of a straight rod or string from the two surfaces was 

viewed. If the thread or rod appeared continuous, except 

where it was interrupted by the space between the two pieces 

of glass, the appliance was considered ready for use. 

The use of the arrangement was likewise very simple. The 

upper parts of the contact surfaces, namely, the parts above 

the line surfaces, were placed in the opening between the 

pieces of glass, as shown in Fig. 10, and when the line sur¬ 

faces were in contact with the glass the pieces were clamped 

together with a U-shaped spring, after which they were 

mounted on an adjustable tripod under the microscope. By 

means of the tripod the plane of the two surfaces was made 

J 1 

G G 
_ E 

Fig. 10. 

perpendicular to the axis of the microscope, and the distance 

between the two lines was then ready to be determined. A 

slight error, always operating to make the distance between 

the lines too short, would result from small inclinations of 

the line surface. 
To determine what inclination would be permissible, let d 

equal the true distance between the lines, which is approxi¬ 

mately 160(F, and a the angle of inclination. Then the 

error would be d cos a — d; or, d (cos a — 1). Substituting 

for «, 10', 20', 30', we get the following errors: 0.01, 0.03, 0.06 

microns. 
It would be an easy matter to keep the inclination below 

10', and I am satisfied such was the case in this work. 
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Six determinations of the value of the space were made in 

all, each determination consisting of six measurements with 

each of the two micrometers belonging to the Comparator. 

Between them the surfaces were separated, readjusted, and 

mounted on the tripod under the microscope. 

The mean of the six determinations gave 1627^.82 as the 

db.16 
distance between the lines. 

Three independent comparisons, by as many observers, of 

the combined length of the Committee metre and abutting 

pieces were made with No. 21, between which the abutting 

pieces were readjusted and exchanged. 

It is unnecessary to describe in detail the adjustment of 

the abutting pieces on the ends of the Committee metre; 

methods for doing this would naturally suggest themselves 

to any one attempting to use the method. It is, however, 

important to keep in mind that the end surfaces of the Com¬ 

mittee metre are perpendicular to the axis of the bar, and 

hence, when the pieces were in contact, the contact surfaces 

were parallel and separated by the length of the metre. 

The result of the comparisons with No. 21 gave the fol¬ 

lowing value for the combined length at 0°.0 centigrade: 

0. M. + abutting pieces = lm + 1625|U'.97 
±.08. 

Subtracting from this the value of the abutting pieces found 

above, we get— 
C. M. = lm —ff.35 

±.18, 

a result that is smaller than either of the former ones re¬ 

ferred to. 
The condition of the end surfaces is doubtless responsible 

to a great extent for the disagreement of the results by the 

different methods, but it is difficult to account for the small 

value due to the last method. One would naturally expect 

it to give the larger value, since the value determined in 

this way is the length between the higher points of the sur¬ 

faces. 
36—Bull. Phil, Soc., WajSh./iVol, 13 
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I regret that circumstances were such that further experi¬ 

ments with a bar having more perfect end surfaces could not 

be undertaken to fully test the method. I see no reason, 

however, to doubt that it is at least as reliable as the optical 

method even when used in connection with the perforated 

screen. Indeed the most recent experience of the Interna¬ 

tional Bureau of Weights and Measures * has been such as 

to almost warrant the cessation of the use of the optical or 

Fizeau method. It has been briefly this : Six end standards, 

five of which were constructed for the governments of Eng¬ 

land, Russia, Germany, Austria, and Bavaria, were compared 

with a line standard by the optical method. They were after¬ 

ward compared with the same standard by means of a con¬ 

tact method, the only detail of the method given being that 

the contact surfaces of the abutting pieces were rounded. 

The two sets of results, greatly to the surprise of the observers, 

differed on the average by 3.5 microns, or by one part in 

300,000, the contact method giving the larger results for the 

end standards. 'Suspecting that the objectives of the micro¬ 

scopes used in the first comparisons were responsible for the 

discrepancies because of imperfections, the first observations 

were repeated, the only difference being that the original 

microscopes were replaced by two others. The results of the 

last observations agreed perfectly with those obtained by the 

use of the contact method, and the conclusion was reached 

that the first results were erroneous. 

The relation of the present International metre to the old 

Metre of the Archives was determined by the Fizeau method, 

and the question naturally arises as to whether the assump¬ 

tion heretofore made that the bars are equal can now be ac¬ 

cepted. I am of the opinion that it cannot, but that a re¬ 

comparison will be necessary. 

* Comity International des Poids et Mesures, Proces-Verbaux des 
Seances de 1897, pp. 55-61, 





BULL. PHIL. SOC. WASH. 1899, VOL. XIII, PLATE 11. 

P
R

IN
C

IP
A

L
 

A
R

C
S

—
M

E
R

ID
IO

N
A

L
, 

P
A

R
A

L
L

E
L

, 
A

N
D
 

O
B

L
IQ

U
E

. 



RECENT PROGRESS IN GEODESY.* 

BY 

Erasmus Darwin Preston. 

[Read before the Society April 30, 1898.] 

I. The Measurement of the Earth. 

Whatever may be the finally adopted size and shape of 

the earth, we are now in a position to modify materially 

some generally accepted notions in regard to it. During the 

course of this paper some recent facts bearing on the shape 

of the geoid will be brought forward, and it will be shown 

that a new theory of the earth’s collapse is thereby strength¬ 

ened. For more than twenty years the argument for a solid 

earth, deduced from the phenomena of precession and nu¬ 

tation, has been abandoned. Astronomers and Geologists 

are now agreed as to the plasticity of at least a thin shell 

next below the external rocks. This being admitted, the 

form assumed by the earth’s shrinking envelope becomes a 

matter of study, and all observations bearing on this point 

should receive their due share of consideration. It is for 

this purpose that attention is now called to three arcs—two 

in Europe and one in the United States—that have been 

measured parallel to the equator in quite recent times. In 

order to fully realize the gigantic strides made since the 

figure of the earth first became a subject of inquiry, let us 

look for a moment at the different steps in the process. Let 

us see how the human mind, first groping in the dark and 

trying to reconcile preconceived ideas with natural appear- 

* Published by permission of the Superintendent of the United States 
Coast and Geodetic Survey. 

37—Bull. Phil. Soc., Wash., Vol. 13. (251) 
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ances, passed successively through the belief in a flat disc, a 

sphere, an ellipsoid, and a geoid, and finally, as observations 

became more and more exact and the requirements of theory 

demanded that new conditions should be satisfied, we have 

passed the stage where any better mean figure can be sup¬ 

plied and a new line of attack must be devised. All our 

future investigations must be limited to the deformations of 

the ellipsoid; and whether they are revealed by the pendu¬ 

lum, by the measurement of arcs, or by whatever process, 

we shall have an accumulation of data from which may be 

deduced a figure of the earth compatible with the known 

laws of nature. The spherical shape of our planet was con¬ 

firmed by the simplest observations. The ellipsoid deduced 

by Newton from purely theoretical considerations was con¬ 

firmed by geodetic measurements in Lapland and Peru, 

and it now seems likely that the tetrahedral shape will be 

sustained by recent measure of parallel arcs. 

Before taking up the tetrahedral theory we shall briefly 

recall a few of the steps in the development of our knowl¬ 

edge of the earth’s figure. The belief in a flat disc dates 

from the Songs of Homer. Notwithstanding the fact that 

the simplest observation on the seashore shows the in¬ 

adequacy of this theory, it continued to prevail for seven 

centuries. Pythagoras then asserted the doctrine of the 

sphere. This, however, was not seriously considered for 300 

years. Then Aristotle took up the question, weighed the 

evidence for and against, and came to the conclusion that 

the disc idea was untenable. Another century passed before 

it occurred to any one to actually measure the earth’s cir¬ 

cumference. Eratosthenes did this by observing at two 

points the direction of the sun’s rays with reference to a 

vertical line. Some one else applied the same principle 100 

years later, using a star and referring the directions to the 

horizon, so that at the beginning of the Christian era it 

was pretty well established that the earth was a sphere, and 

that its diameter was about eleven million meters, as we de¬ 

fine that unit today. The error of a million meters in this 
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result is large, but is quite admissible when we consider 

the circumstances. The distance between the stations was 

roughly measured, the direction of the sun’s rays was erro¬ 

neously assumed to be vertical at one of the points, and the 

stations were not quite in the same meridian, a desirable 

condition at this stage of the problem, because in order to 

make the reduction to the meridian a knowledge of the 

size of the earth is requisite, which is precisely the informa¬ 

tion sought. 

Europe gave little thought to this question for fifteen cen¬ 

turies after the birth of Christ. Then comes that remarkable 

measure of Fernel, who by a crude method determined the 

earth’s dimensions with an error of only one-tenth of one 

per cent. For the first time, in Europe, the latitudes of the 

terminal points in the arc were observed and the distance 

between them measured. This determination served to open 

the way for modern work, and from this time on, men ceased 

to look for new methods, but bent their energies towards in¬ 

creasing the accuracy of an existing one which had been 

universally adopted. The greatest stride in this direction 

was made by Snellius, who first introduced triangulation to 

measure distance, and succeeded in reducing the error in 

angular measures to about one minute. Activity was now 

redoubled, and nations began that generous rivalry in the 

prosecution of the work which has been productive of all 

our best information on the subject. Since the year 1600 

the question has been taken up by many civilized nations, 

and the result has simply been to perfect our knowledge and 

give closer and closer approximations to the value sought. 

Two points of interest occur. From the French work it ap¬ 

peared that the earth was flattened at the equator instead of 

at the poles. As this result implied an error in Newton’s 

theory of gravitation, the French Academy sent expeditions 

to Lapland and Peru in order that no doubt might exist. 

Their labors settled the question in favor of an oblate sphe¬ 
roid. 

Passing separate determinations, we come to the work of 



254 PRESTON. 

Bessel, who in 1841 collected all available data and deduced 

results which were universally adopted until 1866, when 

Clarke by the same process gave values which are now re¬ 

garded as an improvement on those of Bessel. This brings 

us to the strictly recent work, and leads to an examination 

of the measurement of the 52d parallel of north latitude in 

Europe and the 39th parallel in America. To this might 

be added a short measurement on the 56th parallel, also, in 

Europe. The results all point in the same direction, namely, 

that the curvature is greater than would be required on an 

oblate spheroid of the dimensions of our earth. The fact 

being established that all three of the parallel arcs indicate 

a bulge in the continental profile, the way is open for the 

application of theories that would bring about such a result, 

and that theory which seems to provide most consistently 

for such phenomena is precisely the tetrahedral one of which 

mention has already been made. First, as to the facts. 

Clarke’s spheroid is larger and flatter than Bessel’s. It rep¬ 

resents that regular figure most nearly coinciding with the 

actual earth. Measurements on the 56th parallel show a 

greater curvature than would be required for the mean fig¬ 

ure. It is true that the arc is a short one, but the evidence 

is unmistakable as far as it goes. Then comes the great arc 

of 70° on the 52d parallel, which has a radius of curvature 

486 meters shorter than would be required on the Clarke 

ellipsoid, and finally in our own county the transconti¬ 

nental arc from Cape May to San Francisco indicates a 

greater curvature than is required to fit the adopted shape 

of the earth resulting from the best modern data on the 

subject. The principal arcs measured and in progress in 

North America are shown in Plate 12. 

Now as to the tetrahedral theory. To begin with a simple 

example, it is known that rubber spheres immersed in water 

tend towards a tetrahedron. The reason is evident. The 

sphere of all geometrical bodies has the least surface for a 

given capacity. The tetrahedron, on the contrary, has the 

greatest surface for the same condition. When pressure is 
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exerted, the tangential strains find relief in the easiest pos¬ 

sible way. This is brought about by the transition from a 

sphere to the tetrahedron. When the earth contracts the 

same conditions exist, and the shrinking envelope assumes a 

figure giving a depression at the north pole and an elevation 

on, the continents of America, Europe, and Asia. This re¬ 

quires a depression between the two last continents which as 

a matter of fact existed in preglacial times. It seems to be 

a remarkable coincidence that the three arcs of parallels 

measured up to the present time should all agree in showing 

the curvature of the earth in their locality to be greater than 

the mean figure requires, and, as far as conclusions can be 

drawn from these results, we are forced to admit that the 

earth is collapsing in the form of a tetrahedron. One apex 

is found at the south pole, a base at the north pole, and the 

edges follow in general the continental upheavals. It may 

be worth while in passing to revert briefly to the geodetic 

measures necessary to determine the earth’s figure, and also 

to note the fact that in all this work the greatest attention 

has been given to the effect of plumb-line deflections on the 

length of the arc. The equations of Laplace, which exer¬ 

cise a control, and which also demand a consistency between 

the deflections in longitude and those in azimuth, have been 

steadily applied; so that there is little danger that the final 

arc as given in angular measurement is enough in error to 

invalidate our conclusions as to the real radius of curvature. 

The control is simply this: While we only have one method 

of determining the deflection in the plane of the meridian, 

there are two ways of doing this when it is required to find 

deflections in the plane of the parallel. It appears that the 

discrepancy between the astronomical and geodetic longi¬ 

tude, multiplied by a factor depending on the latitude of the 

place, is theoretically equal to the discrepancy in azimuth 

also multiplied by a function of the latitude. This furnishes 

a simple and effective check, and enables us to use all our 

astronomical observations in arriving at a consistent and 

most probable value of the great curve under consideration. 
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With these safeguards thrown around our procedure, we may 

with confidence draw conclusions that are both legitimate 
and sound. 

II. Methods of Determining the Earth’s Figure. 

t 

The size and shape of the earth may be found either from 

two meridional arcs or two longitudinal ones, or finally from 

a simple oblique arc. The first method was exclusively em¬ 

ployed during the last century, because it was possible to 

determine latitudes with more precision than longitudes; 

but in recent times the electric telegraph has so simplified 

the determination of the latter and has given such increased 

accuracy to the result that the last two methods may now be 

employed with entire success. All three are comparatively 

simple in their conception, although the problem considered 

in detail becomes an intricate and troublesome one. The 

individual steps are these: For the first case we have only 

to measure the length of two lines running north and south 

and observe the latitudes of the extremities. From this data 

the flattening is first found and afterwards the absolute 

length of the earth’s axes. This method was used in the 

work which gave us our first knowledge of the relative 

lengths of the polar and equatorial diameters of the earth, 

and the arcs of Lapland and Peru, which have become clas¬ 

sical in geodetic literature, were utilized in this way. These 

measurements have now little more than historic value. 

Nevertheless, their great importance when executed may be 

judged from the fact that on' their testimony the great ques¬ 

tion was decided as to whether the poles were nearer the 

center of the earth than the equator. This is a query that 

every schoolboy will answer today, but as late as the middle 

of the last century no one knew, and thousands of dollars 

were spent by the French in their efforts to solve the prob¬ 

lem once for all. The arctic and the equatorial work decided 

the question, and with this contribution to our knowledge it 

may be said that their usefulness ceased, although the result 
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is still given some weight in our more recent discussions, 

and probably influences the final conclusion to a certain 

extent. 
The second case, that of determining the earth’s figure by 

means of longitudinal arcs, is rapidly coming into use on ac¬ 

count of the application of electricity to astronomical prob¬ 

lems. The method finds application in our great transconti¬ 

nental arc from Cape May to San Francisco, and we may feel 

legitimate pride in knowing that no other nation has done so 

much in this particular way. The fundamental idea, like the 

preceding one, is simple. We measure the distance between 

two points lying nearly or exactly east and west, determine 

their latitudes, and also their reciprocal direction. The lat¬ 

itudes need not be accurate when the observations are near 

the equator, and when the line is nearly east and west its di¬ 

rection need only be approximately known. A second arc 

gives similar relations, and by means of both we can deter¬ 

mine the earth’s compression and its absolute size. 

A third way of getting at the same result is by an oblique 

arc such as is just now being completed between the northern 

part of Maine and the southern part of Alabama, running 

through its middle part along the crest of the Appalachian 

chain. Here we have a case where the direction between 

the extreme points is of much more importance than in the 

last method. In fact, it is one of the essential features of the 

work. As usual, the latitude of the extreme points must be 

found, and with this data and the reciprocal azimuths the 

flattening of the earth may be deduced. This comes from 

the establishment of a relation between the four magnitudes 

just cited and the eccentricity. The simple addition of the 

length of the line joining the two points to the previous data 

enables us also to find the size of the earth and thus com¬ 

pletely determine its figure. It is evident that the method 

is not applicable when the line is nearly north and south or 
east and west, nor when the work lies near the equator. The 

most favorable conditions are when the arc is quite oblique 

to the meridian and above middle latitudes. 
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This statement exhausts the three independent methods of 

determining the earth’s size and shape. But in a coun¬ 

try like the United States, where we are liable to have long 

lines running in every conceivable direction, a general method 

for all oblique lines finds frequent application, and, without 

going into details, it may be stated, first, that it is desirable to 

utilize all available data, and, second, to so combine them that 

consistent results will follow. If we take any line at random 

on the earth’s surface and determine its length, the geograph¬ 

ical positions of the extreme points, and the directions of 

each point from the other, we have six measured values, 

which combine in one case all the data used in the three in¬ 

dependent methods. This gives sufficient matter to com¬ 

pletely solve our problem, and, moreover, gives us one super¬ 

fluous condition, which must be made to harmonize with all 

the others. Here comes in the great work of geodesy, viz., to 

get from all the measures one consistent and satisfactory re¬ 

sult. Take the astronomical difference of longitude between 

the two points and their given latitudes. This data enables 

us to locate the points on a sphere of any size. Add to this 

the length of the line, and we are limited to a sphere of a 

given magnitude. Add the direction of one point from the 

other, and we are forced to change from a sphere to an el¬ 

lipsoid of revolution to satisfy the given data. Add still the 

reciprocal direction, and we have one condition more than is 

necessary for the complete solution of the problem, and the 

necessary discrepancies find adjustment by the method of least 

squares. In this reconciliation between measured values, 

which are always more or less subject to error, and theoreti¬ 

cal conditions, the expedient so often employed in scientific 

work is adopted. Approximate values for the earth’s dimen¬ 

sions are introduced and, by differentiation, relations are es¬ 

tablished between the corrections to the approximate values 

and the measured ones. It is true that certain suppositions 

are made that are not strictly true, but the error introduced 

through this procedure always falls within the degree of ac¬ 

curacy sought in the final result. For example, in a system 
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of differential equations involving our available data the 

length of the line joining the points in question is regarded 

as a constant. This means simply that, in comparison with 

the other variable quantities, an error in the length of the 

measured line has little or no influence in the adjustment of 

discrepancies. 

In fact, the inherent nature of the observations must always 

be considered, and we are often restrained and hampered in 

striving after a certain limit of accuracy for the reason that 

geometrical conditions render one result much more accurate 

than another. Consider the equations of Laplace already 

cited. We are able to get the deflection of the plumb line in 

an east and west direction in two ways, by determination of 

longitude and azimuth; but while an error of one second in 

the geodetic longitude of a place is not admissible, it is quite 

within the limit of possibility that the geodetic azimuth 

should be erroneous by such amount. Since both of these 

data can be applied to determine the deflection of the plumb 

line, it is evident that they furnish results entitled to very 

different degrees of consideration. In general, it may be said 

that the accuracy attainable in the result by the two methods 

(longitude and azimuth) have about the same relation that 

the earth’s radius has to the distance between the two points. 

The principal meridian, parallel and oblique arcs, measured, 

in progress and projected, to the present time are shown in 

Plate 11. 

These are the principal steps in the work, but in the exe¬ 

cution of the necessary detail we meet many modifying con¬ 

siderations. Prominent among these is the question of the 

deflection of the plumb line. It is well known that the so- 

called vertical lines, as defined by a freely suspended weight, 

are not perpendicular to the surface of our ellipsoid of revo¬ 

lution. Every change in the density of the underlying 

strata, every elevation and depression on the earth’s surface, 

has its effect on the plumb bob, and when we make astronom¬ 

ical and geodetic observations based on a certain assumed 

vertical we are by no means sure that our measures are cor- 

38—Bull. Phil. Soc., Wash., Vol. 13. 
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rectly referred to the mean surface of the earth. When we 

assume that the difference of longitude between Cape May 

and San Francisco is correctly measured, as far as our instru¬ 

mental means permit, we may be several seconds in error, 

owing to the attraction exerted on our plumb bob by the 

mountains or the sea. Just here the equations of Laplace 

bring us a precious aid, in that they make it possible for us 

to treat these anomalous features so as to arrive at a result 

less affected by the influence of the form and density of the 

earth’s crust; the real significance of Laplace’s equations 

being that with our present refined methods in the tele¬ 

graphic determination of longitude it is possible to establish 

for a geodetic line that has been completely determined in 

latitude, longitude, and azimuth a conditional equation which 

is independent of the deflection of the plumb line. Gener¬ 

ally speaking, it may be said that the dimensions of our mean 

ellipsoid of revolution can be determined with great precision 

by measurements on the geoid which approximately coincides 

with the ellipsoid. One word about the best reference for 

the deflections of the vertical. It is now—indeed, has been 

for some time—most emphatically brought out that some 

standard must be adopted. Of course, relative deflections 

may be treated without making any assumption as to the 

absolute direction of the vertical line; but when it is a ques¬ 

tion of considering all such determinations, it has been pro¬ 

posed to refer them to a mean ellipsoid of revolution whose 

center is identical with the center of gravity of the actual 

earth, whose smaller axis coincides with the earth’s axis of 

revolution, and whose surface most nearly agrees with its 

actual form. All deflections can thus be referred to a stand¬ 

ard direction. 

While we are on the question of the earth’s figure we may 

take time to notice some peculiar conditions consequent upon 

its actual shape. When we speak of the earth as being flat¬ 

tened at the poles, the idea usually conveyed is that were the 

earth small enough to be seen at one view its ellipsoidal 

shape would be quite apparent. Many facts have been cited 
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by writers to show that no difference would be noticeable 

between the length of its polar and equatorial dimensions. 

Let us compare the length of the shortest line joining two 

points on the earth’s surface and the path actually traced by 

the line of sight of a theodolite. These lines have essen¬ 

tially different characters, the latter being a plane curve, 

while the former is of double curvature. The Coast and 

Geodetic Survey is now tracing the boundary betwean Cali¬ 

fornia and Nevada, running from a point in Lake Tahoe in 

a southeasterly direction to Fort Mohave. This line is sev¬ 

eral hundred miles long and will furnish material to bring 

out the points in question. It may appear paradoxical, but 

such is nevertheless the case, that if it were possible to set 

up an instrument at one end of this line and sight to the 

other, and if a man were required to pass over this line of 

sight he would not follow the same path that he would had 

he started from the other end and complied with the same 

conditions. This is due to the earth not being a perfect 

sphere. It is understood, of course, that the instrument is 

in both cases set up vertically at the two stations. What 

difference in length is there, then, between either of these 

lines and the shortest line joining the two points? for in 

neither case would our traveler traverse the shortest path. 

The difference is not great, and in this we realize how nearly 

equal, even for great distances, the lines on our planet are to 

those on the surface of a sphere. The shortest line between 

Washington and Eastport, Maine, is about ToVir °f an inch 
less than a plane curve joining the two points. Between 

Lake Tahoe and Fort Mohave the distance is 404.5 miles. 

The azimuth of the line is about 45° and its middle latitude 

not far from 37° north. The difference of length between 

the shortest line on our ellipsoid and a line traced under the 

conditions stated is* not quite 4 microns (or about of an 

inch) and the lines of sight observed from either end to¬ 

wards the other would differ by only 2".2 of arc. If two 

observers, having adjusted their instruments in the usual 

manner, one at each end of the line, should sight to the 
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other end it would be found that the lines of sight would 

be separated at one point by nearly six feet (lm,8). Calcula¬ 

tion shows that the area included between the two lines, 

which on a sphere would be identical, but which on account 

of the ellipsoidal form of the earth really diverge, is equal 

to a good-sized farm, being no less than 145 acres. 

The pursuit of scientific truth is often accompanied by 

unexpected discoveries and the revelation of new difficulties. 

The fact that the earth is traveling through space at the 

rate of about 18 miles per second necessitates a correction 

to our astronomical observations dependent on this motion; 

and because it is not only flying along its path at this enor¬ 

mous speed, but also on account of its revolving on its axis, 

we are obliged to introduce corrections to reduce observed 

facts to an uniform basis. We can no longer ignore the 

convergence of the equipotential surfaces of a rotating spher¬ 

ical body, and observations for latitude as well as those for 

leveling must be corrected accordingly. The latitude of a 

place above the sea level as determined by observation is 

always greater than that of a point vertically under it on 

the plane of mean sea level, and the relative height of 

any point determined by spirit-levels when the line is in the 

meridian is greater by actual determination than it would 

be were the earth not subject to the influence of attraction 

and rotation. The value obtained for the elevation of a 

point 400 feet above the gulf of Mexico, depending on a 

line of levels through a distance of 500 miles, may be nearly 

two inches in error—that is to say, that on account of the 

revolution of the earth a line of precise levels extended from 

south to north and increasing in elevation gives a height 

for the terminal point two inches greater than is actually 

the case. 

III. Aberration of Light. 

One of the greatest accomplishments in scientific work is 

the ability to extract from a great mass of observations all 

the information that they are capable of yielding. The 
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derivation of empirical formulae embodying a fixed law of 

nature may, besides establishing the truths which were the 

original objects of the investigation, accidentally bring out 

an unsuspected fact. Some years ago it was discovered that 

terrestrial latitudes were subject to a change, and that the 

law of these changes could be formulated in a simple linear 

equation containing two unknown quantities. When the 

equations of condition were formed, which theoretically 

should entirely satisfy the observations, and when a solution 

was effected giving results which were supposed to leave 

outstanding only accidental errors, there appeared to be 

systematic discrepancies. Moreover, the differences showed 

a well-defined, uniform change, increasing at one season of 

the year and decreasing at another. This phenomenon was 

none other than the effect of the aberration of light. It is 

well known that the velocity of light is about 10,000 times 

as great as that of the earth, so that while the earth travels 

one mile in its orbit, the ray of light by means of which we 

take cognizance of any celestial object and make our meas¬ 

urements has traveled 10,000 miles. This amounts to saying 

that our telescope must be inclined at a slight angle in order 

to receive the ray of light, the angle depending, of course, 

on the direction of the earth’s motion with reference to the 

observed ray, and the so-called “ constant of aberration ” is 

nothing more than the maximum displacement of the appar¬ 

ent position of the star. This, of course, obtains when the 

motion of the earth is at right angles to that of the ray of 

light. With these facts before us, it is quite evident that the 

observations for the variation of latitude contained not only 

data sufficient to show how the latitude was changing, but 

also the effect of the aberration besides. They could there¬ 

fore be utilized to determine this last quantity, and after 

that to find the size of the earth’s orbit. This was suggested 

by Professor Newcomb, and has been done in the case of the 

observations made at Honolulu and San Francisco, and the 

results of the work have now been published in Appendix 

10, Report of the Coast and Geodetic Survey for 1896. In 
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this report it is shown how nearly 7,000 equations are used 

to find the quantity sought. It is extremely gratifying to 

note that, although the original observations were made to 

study only changes of latitude, they embodied sufficient 

material to determine with precision one of the fundamental 

constants of astronomy. 

The final values obtained were: 

Constant of aberration. 20Y458 

Solar parallax.. 8".808 

Sun’s distance (miles). 92,820,000 

IY. The International Geodetic Association. 

It is now proposed to state briefly and in very general terms 

what has been done by the International Geodetic Association 

in the question of the measurement of the earth. The first 

idea of cooperation on a grand scale seems to have come from 

General Baeyer. In 1861 he wrote to the Prussian Minister 

of War recommending that the nations of middle Europe 

should combine forces and devote themselves to the solution 

of the problem. Pie called attention to the fact that France 

had undertaken the work on a large scale in the 18th cen¬ 

tury, and England and Russia in the 19th, and that the east¬ 

ern and western parts of the continent were much farther 

advanced in this line of work than his own country. At this 

time only three arcs of the meridian and three arcs of the 

parallel had been measured in Europe, but they had already 

begun to notice the anomalies in the direction of the plumb 

line and were unable to explain the reasons therefor. The 

first and most natural supposition was the attraction of the 

mountains; but when deflections of the plumb line were found 

on extended plains, and, moreover, when, as they then sup¬ 

posed, the great Himalayas exercised no appreciable effect, 

they were led to suppose great changes of density in the 

earth’s surface. Perhaps this phase of the question stim¬ 

ulated as much as anything else the cooperation of the dif¬ 

ferent governments. In any event, during the month of Oc- 
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tober, 1864, there was effected an organization for the 

measurement of arcs in middle Europe. The first general 

report shows that nineteen States gave support to the project. 

The general plan remained unchanged until 1886, when the 

Middle European Association was merged into an interna¬ 

tional one and nations from all parts of the world became par¬ 

ties to the convention. The organization was continued for 

a period of ten years. In 1896 new powers were assumed by 

the organization, and a new convention, to hold for ten years, 

was drawn up. To this last convention the principal nations,- 

except England, have agreed, and have through diplomatic 

action become contracting parties to the agreement. This, in 

brief, is the origin and growth of the present organization. 

An outline of its methods of work and the results attained will 

show what is being done by concerted national action to deter¬ 

mine the size and shape of the earth. From the beginning of 

the work up to 1887 the results were largely of local impor¬ 

tance. Each State gave reports on the operations within its 

border and which were intended primarily to serve as the basis 

for a map of the country. The triangulation, measure of base 

lines, astronomical observations (such as latitude, longitude, 

and azimuth), precise levels, and tidal observations found 

their greatest use locally; but in the last ten years questions 

have been taken up which are of the greatest interest to each 

individual country and to the world as a whole, and so when 

investigation is made of the variation of latitude, the force of 

gravity, the aberration of light, deflections of the plumb line, 

etc., we are getting results from which all nations profit 

alike; and it is precisely these larger universal questions to 

which the International Association is now giving a large 

share of its attention. It is not worth while to pass in re¬ 

view at present the details of the work of the organization. 

Suffice to say that practically all the nations of Europe and 

some in America and Asia are devoting their best scientific 

energy to this line of thought, and the publications of the 

association are replete with reports of the greatest interest 

and value on studies of the external features of the planet on 

which we live. Passing over what has been done incident 
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to the regular work of every trigonometrical survey of a 

country, I shall call attention to a subject already referred 

to, which promises to furnish novel results in the near future. 

Y. The Variation of Latitude. 

The International Geodetic Association now proposes to 

establish four stations as near as practicable at equal dis¬ 

tance around the earth and all within half a mile of the 

& same parallel of latitude. When it was discovered that the 

latitude changed, and that we were at one season of the year 

about 60 feet nearer the equator than at another, the result 

was so startling that many observatories engaged in the 

work of observing the latitude. The outcome was that the 

motion of the earth’s axis could be traced with reasonable 

accuracy from about 1888 to the present time. But the 

trouble is that the result was to a certain extent vitiated by 

the fact that the star places were uncertain, and although by 

an ingenious method of combining the observations this de¬ 

fect to a large extent disappeared, nevertheless the observa¬ 

tions did not yield the desired precision. Now it is proposed 

to so choose the stations that the results will be entirely un¬ 

influenced by any errors in the accepted position or proper 

motions of the stars. This can be done only by locating all 

the points of observations on the same parallel of latitude. 

Then the further question arises, at what distances apart * 

shall they be? Mathematical considerations show that the 

most accurate determination of the quantities in question is 

attained when the stations are equally distant around the 

earth. This would seem to be the natural supposition. 

Mathematics, after all, is only common sense. So that if 

three stations are adopted they should be 120° apart; if four, 

90°. But there comes in the condition that the configuration 

of the continents will not permit an equal distribution, so that 

a compromise and adjustment has to be made between the 

mathematical, physical, and social conditions. The impor¬ 

tance of the last named must not be underestimated. We 

may have trained observers, but they cannot make the best 
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observations either in a desert or in a country where the 

comforts of life are unattainable. Still another condition 

must not be forgotten. In a country where earthquakes are 

frequent we may have sudden changes in the direction of 

the plumb line. Observations which are to bring out varia¬ 

tions in the latitude, whether they be continuous and com¬ 

paratively rapid, or of long duration, must be free from local 

disturbances of this kind; and then the weather conditions 

must be thought of. At some places one would not get three 

good nights in a month. No latitude station would be pos¬ 

sible in such a neighborhood. The location of the stations 

is to be decided therefore in this way. A single pair of stars 

observed at three stations gives the required data. The posi¬ 

tion of the pole is determined from two coordinates, and on 

the position of the station as regards longitude depends the 

precision of the determined quantities. The weight of the 

result in a mathematical sense is a function of the longitude 

of the stations, and if we have any number of stations on 

the same parallel, we may estimate in numerical values 

the precision of the determination of the position of the 

pole. Any other parallel and any other combination of sta¬ 

tions can be similarly expressed, and our task is simply to 

find from all the different possible combinations of stations 

on separate parallels that one which gives a maximum value 

for the precision. With this end in view, no less than eight¬ 

een combinations, of which fifteen are in the northern hem¬ 

isphere, have been examined by Professor Albrecht. From 

a mathematical point of view only nine were acceptable, and 

from these nine it was necessary to choose four which were 

physically practicable and which at the same time offered 

the necessary social conditions. These stations have not yet 

been definitely decided upon, but they will presumably be on 

the parallel of latitude 39° 8', and, besides, two will almost 

certainly be in the United States. The others will be, one in 

Japan and the other in Italy. Of the American stations six 

have been critically examined, viz., Ukiah, in California; 

Dover, in Delaware ; Gaithersburg and Annapolis Junction, 

in Maryland, and Round Hill and Leesburg, in Virginia. 

39—Bull. Phil. Soe., Wash., Vol. 13. 



268 PRESTON. 

It is proposed to carry on latitude observations of precision 
at two of these stations for a period of at least five years, 
possibly longer, at the end of which time sufficient data will 
be at hand, when taken in connection with the Japanese and 
Italian work, to predict the position of the pole with much 
greater precision than could be done hitherto. The cost of 
the entire work will be about $10,000 annually, but the In¬ 
ternational Geodetic Association has considered the benefit 
to science commensurate with the outlay, and the project 
will be taken up in the near future. 

In this connection we may remark that, although the 
method just outlined is without doubt the most perfect that 
can be devised where several observatories contribute to the 
result, the same end may be attained by observations in 
two localities. Such a method has been proposed by Pro¬ 
fessor Harkness, and some of the necessary observations are 
now going on at the U. S. Naval Observatory. Making use 
of the fact that two stars, each of the first magnitude, culmi¬ 
nate about the same time and on opposite sides of the zenith, 
he has availed himself of their position and brightness to 
make observations at every meridian passage day and night 
through the entire year. The simplicity and elegance of 
the procedure lies in the fact that an effectual check is 
secured through the invariability of the sum of the zenith 
distances of the two stars, whatever may be the change in 
latitude. The change in the difference of their zenith dis¬ 
tances is, moreover, twice the latitude variation. Since the 
effect of aberration will necessarily have its influence on 
these results, it is proposed to make it the subject of a sepa¬ 
rate determination, utilizing four other stars, when the effect 
has its maximum value. Greater accuracy is therefore se¬ 
cured by observations under the most favorable conditions, 
and the effect of aberration can be successfully eliminated. 
The complete motion of the pole is then obtained by com¬ 
bining the observations on « Lyrae and a Cygni with those 
made at some station 6 hours east of Washington, and thus 
practically the same result will appear from two stations as 
would be furnished by four in the scheme above mentioned. 



THE SECULAR CHANGE IN THE DIRECTION OF 

THE TERRESTRIAL MAGNETIC FIELD 

AT THE EARTH’S SURFACE. 

BY 

G. W. Littlehales. 

The observations and results that I am about to present 

relate to the directional elements of the earth’s magnetism 

at many important stations in remote parts of the world, dur¬ 

ing the seventeenth, eighteenth, and nineteenth centuries. 

In view of the desirability of preserving the collection of ob¬ 

servations upon which the present results depend, and of 

the great variety and general inaccessibility of the works of 

reference from which they are drawn, the observed values 

of both declination and inclination are stated in full, with 

the names of the observers and the sources of information. 

Considerable data are thus made available for other workers 

in the same field, and the books are referred to in which in¬ 

formation may be found that may prove valuable to those 

engaged in kindred lines of investigation. 

My first investigations were confined to the magnetic decli¬ 

nation, or the variation of the compass, with a view of form¬ 

ing empirical equations, by the method of least squares, for 

each station at which the extent of the series of observations 

is sufficient for the purpose, and from them predicting values 

of the declination for use in assigning the best values of the 

direction of the magnetic meridian on the nautical charts 

constructed by the Navy Department for the navigation of 

the navy and the mercantile marine, and also from their 

first differentials the yearly rates of change of direction of 

the compass needle at any time not greatly beyond the limits 

40—Bull. Phil. Soc., Wash., Vol. 13. (269) 
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of the period of observation. With the increasing impor¬ 

tance of a knowledge of the magnetic dip or inclination in the 

navigation of modern vessels of commerce and of war, atten¬ 

tion was turned to the deduction from the collected observa¬ 

tions of empirical equations representing that element at the 

various stations with a view of predicting values at these 

places and of arriving at appropriate methods for bringing 

forward to the present or some future time the isoclinic lines 

represented on the magnetic charts for past epochs. 

The empirical equations thus deduced are stated in con¬ 

nection with the observations from which they have been 

formed. In a few cases the conditional equations were ex¬ 

pressed as a series of powers of the form V=A-\-Bt+Cf; 
but, in all cases in which the extent of the series of observed 

values wras sufficient, a harmonic function with an assumed 

period of the cycle was employed in the following form: * 

V = A 4- B sin t 4- C cos t in which V represents 
m m 

the declination or the inclination, m the period of the cycle, 

t the time in years and fractions of a year reckoned from 

some assumed epoch, and A, B, and C constants that are 

determined from the observations by the method of least 

squares. 

It may be useful to make it known that my later work in 

the deduction of these equations was facilitated by finding 

the correction to the assumed period, which was necessary to 

bring about a reasonable accord between the observed values 

and those computed from the deduced equations for the cor¬ 

responding times, instead of assuming several values of the 

period and, after performing all the work of deduction for 

each, selecting that which gave the most accordant set of 

computed values or the smallest probable error of a single 
observation. 

The most vital objection to the method first followed is 

that there is no ready means of ascertaining when the best 

empirical equation that the observations will yield has been 

obtained. 
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Having found an approximate empirical equation with an 

assumed value of the period of the cycle and computed a 

table of differences between the observed and computed 

values, I differentiated the equation and obtained one of the 

form: 

dl — dA + sm-t. dB + cos-1. dC 
m m 

360 ( -q 360° . n . 360° , \ , 
— —r ( B cos-t — C sm-- t ) dm, 

m \ m m J 

in which m represents the assumed period, t the interval of 

time of observation from an assumed epoch, and A, B, and 

C the constants of the approximate empirical equation. 

A series of conditional equations were then formed by put¬ 

ting for dl the successive differences between the observed 

and the corresponding computed values from the approx¬ 

imate equation and the corrections dA, dB, dC, and dm to 

the constants of the empirical equation were then found by 

the method of least squares. 

The present work is devoted largely to the southern hemi¬ 

sphere, with reference to which I am not aware that any sim¬ 

ilar extensive investigations have been made, and its field is 

altogether outside of the United States and Europe, concern¬ 

ing which data have been made abundant by the observa¬ 

tories and by the labors of Mr. Charles A. Schott, Mr. Louis 

A. Bauer, and Mr. Henry Gannett. 

Having accomplished my object with reference to the sep¬ 

arate use of the investigations concerning the declination and 

the inclination in their practical bearing upon navigation, 

I have endeavored to support the general effort of the geo- 

magneticians of the day by putting the available data 

relating to the secular change of the earth’s magnetism 

in the form already employed by Bauer,* Schott,f and my- 

* Beitrage zur Kenntniss des Wesens der Sacular-Yariation des Erd- 

magnetismus, von Louis A. Bauer. Berlin, 1895. 

t Secular Variation of the Earth’s Magnetic Force in the United States 

and in some Adjacent Foreign Countries, by Charles A. Schott. Appen¬ 

dix No. 1, U. S. Coast and Geodetic Survey Report for 1895. 
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self* to portray the secular course of a freely suspended 

magnet, and thus, by providing homogeneous data concern¬ 

ing all parts of the world, to contribute toward an advance 

of our information to such a stage as to make the study of 

the causes of the secular change in the earth’s magnetic 

state a feasible undertaking. 

A freely suspended magnet is observed to be in a state 

of continuous tremulous motion of an involved character, 

which may be resolved into irregular and periodic. The 

irregular motions comprise those sudden and rapid fluc¬ 

tuations in the direction of the needle which can not be 

predicted. The periodic motions are the solar variations, 

which include the solar-diurnal variation, depending upon 

the hour of the day ; the annual variation, depending upon 

the day of the year, and the solar-synodic variation, depend¬ 

ing upon the synodic revolution of the sun ; the lunar vari¬ 

ations, depending upon the moon’s hour-angle and her other 

elements of position and partaking of the character of the 

tides, and the decennial variations, which may depend upon 

the frequency and magnitude of the solar spots. Both the 

irregular and periodic motions referred to are of such small 

amplitude in all except the polar regions of the earth that 

they do not affect any of the practical uses of the magnetic 

needle on the sea ; but besides these there is another motion, 

having an amplitude reaching 30° or 40° in some parts of 

the world, which is also supposed to be of periodic character, 

and which is doubtless of radical importance in meteorolog¬ 

ical science and in the use of the compass in modern nav¬ 

igation. 

At a particular instant of time the lines of magnetic force 

at any place to which a freely suspended magnet will set 

itself tangent will have a certain direction and strength. 

The angle between the plane of the astronomical meridian 

* (a) Contributions to Terrestrial Magnetism. U. S. Hydrographic 

Office Publication No. 109a, 1895. 

(6) Contributions to Terrestrial Magnetism. U. S. Hydrographic Of¬ 

fice Publication No. 114, 1897. 

(c) Terrestrial Magnetism, vol. I, No. 2, 1896. 
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and the vertical plane passing through the magnet, or through 

the line of force, is the magnetic declination, or the variation 

of the compass; the angle between the horizon and the direc¬ 

tion of the needle, measured in the vertical plane passing 

through it, is the dip or inclination; and the force with which 

the needle is held in the direction of the lines of force is called 

the magnetic intensity. The declination and inclination, or 

the directional elements, which alone are concerned in a dis¬ 

cussion of the direction of the magnetic field, have generally 

been treated separately in investigating the secular change 

of the magnetic needle. From 1634, when the fact of the 

secular variation of the declination was established, and from 

1576, when the inclination or dip was discovered, reliable ob¬ 

servations of these respective elements are recorded for the 

great populous centers of Europe, and soon observations of 

the declination or variation of the compass, a knowledge of 

which is necessary to mariners in the navigation of their 

ships, had been made by navigators in most of the known 

parts of the world. Although the older observations, having 

been made without the means of precise measurement, are 

subject to a probable error of as much as 1°, they can be 

accepted as serviceable in the discussion of long series, and 

serve to reveal satisfactorily the secular change of the decli¬ 

nation. Through the results of the observations of the nav¬ 

igators of successive periods, series of observations of the 

declination extending over two or three centuries are avail¬ 

able for most of the important maritime stations of the world. 

An examination of the curves resulting from platting the 

observed and computed values of the declination at a few 

stations, where the series extend over the greatest duration 

and are the most complete, will show upon what evidence 

rests the widespread belief that the secular variation of the 

magnetic declination is a periodic phenomenon. 

There are also available for discussion series of observa¬ 

tions of the dip or magnetic inclination ranging from one 

hundred to three hundred years in duration., but the stations 

are not so numerous nor the observations so complete as in 
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the case of the declination, except in the long-settled regions 

of European civilization. This is accounted for by the fact 

that the dip was rarely observed by navigators, except when 

employed in expeditions of scientific research, while the dec¬ 

lination was found as a necessary performance in the navi¬ 

gation of their ships. The investigation of the long series 

has led to the belief that the secular variation of the inclina¬ 

tion is also a periodic phenomenon. But the data which have 

been observed up to the present are manifestly insufficient 

to warrant a conclusion that after a certain period has elapsed 

the declination at any given station will be the same as it is 

now, and will then repeat its changes and again assume the 

same value after the lapse of the same interval of time, or 

that the inclination at that place will be found to pass 

through a cycle of changes and return to the same value at 

regular intervals of time. While the separate investigation 

of series of observations of declination and inclination is of 

practical usefulness in gaining a knowledge of the rate of 

secular change of these elements and predicting values be¬ 

yond the range of the observations, in seeking to discover 

the causes of the secular change in the direction of the mag¬ 

netic needle and to establish or disprove its periodic char¬ 

acter, the declination and inclination should be viewed as 

component effects of the forces that are acting. Such a view 

brings us to the investigation of the successive directions in 

space assumed at successive epochs by a freely suspended 

magnet or the consideration of the observed values of the 

declination and inclination conjointly, instead of the sepa¬ 

rate consideration of values of the direction of the compass 

needle and of the dipping needle. As a freely suspended 

magnet assumes its successive directions for different times, 

it describes a conical surface whose vertex is the center of 

gravity of the needle. 
If a sphere of any convenient radius be described, with its 

center coinciding with the center of gravity of the needle, and 

the conical surface be extended through the surface of the 
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sphere, the line of intersection will be a serpentine curve 

which represents the actual secular motion of the needle. 

At the present time we know, with moderate accuracy, the 

values of the three magnetic elements for the inhabited por¬ 

tions of the world, and also, with a lesser accuracy, the rates 

of secular change in the elements; but we have no knowl¬ 

edge as to whether the needle, when it points in a certain 

direction at a given place, will ever return to the same posi¬ 

tion again, or whether it will at the end of a certain period 

assume the same direction, and again sweep over the same 

path in the same period. Nor do we know that the secular- 

variation period, if there shall hereafter be found to be one, 

will be the same in all parts of the world. 

Following the observations and results for the different 

stations is a condensed Statement of the empirical equations 

for declination and inclination and of the decennial values 

of both elements from which the curves of the secular mo¬ 

tion of the needle have been traced in each case upon a 

gnomonic projection of a globe twelve inches in radius, 

whose point of tangency has for its latitude the mean of the 

extreme values of the inclination during the epoch for which 

the curve is constructed, and for its longitude the mean of 

the extreme declinations. 
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Lat. 18° 28' S. ARICA, PERU. Long. 70° 20*' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

171a 
0 

— 8.00 "Rvfiwsf.p.v’s Trp.n.tisA r>n Mn.p- TT.rHnVv 1884 

1821. —10.42 B. Hall. 
—--- ~ ~ ~--- --0*7 --"7 

Becquerel’s Trait6 du Magnetisme. 

1 1827. —10.75 

1835 —11.00 
[Sabine’s Collection, Phil. Trans. Royal Society, 

| 1877. 
1858 —10.88 | 

1883. —10.00 Ensign Favereau, Fr. N. Annales Hydrographiques, 2d series, 1884. 

1893. — 9.87 Lieut. Mottez, Fr. N. Annales Hydrographiques, 2d vol., 1893. 

Year. Observed. Computed. O-C. 
-2 
O-C. 

1713. 
0 

— 8.00 

0 

— 8.026 +0.03 0.0009 1 i 
1821. —10.42 —10.581 +0.16 0.0256 1 
1827. —10.75 —10.692 —0.06 0.0036 I 

| I Probable error of single observation — + 06'. 
1835. —11.00 —10.793 —0.21 0.0441 1 1 

1 t Period = 240 years. 
1858. —10.88 —10.738 —0.14 0.0196 

1883. —10.00 —10.072 +0.07 0.0049 

1893. — 9.87 — 9.808 —0.06 0.0036 

0.1023 

Empirical equation for finding the declination for any year: v — — 9°.4 -f 0.223 

sin 1.5 (< — 1850) — 14.61 cos 1.5 (<—1850). 
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Lat. 7° 55.5' S. 

Magnetic 
Year. declina¬ 

tion. 

o 

1700. —2.00 

1754.3. 8.10 

1768.25... 9.88 

1775.4. 10.87 

1806.3. 15.67 

1816. 15.50 

1825. 16.87 

1830*. 20.16 

1836. 17.60 

1839. 18.52 

1842. 19.27 

1846. 19.27 

1861. 21.75 

1863. 21.63 

f 23.10 

1876.25 ... 22.77 \ 22.53 

L22.68 
f 22.6 

1890.3. 23-00|23.4 

ASCENSION ISLAND. Long. 14° 24/ W. 

Authority. 

Observer. 

De la Caille.. 

Wallis. 

Cook. 

Bonsoe. 

Brine. 

Duperrey. 

Foster. 

Fitz Roy. 

Du Petit Thouars. 

Belcher.. 

B6rard. 

Denham. 

H. M. S. Hecate. 

Nares and Thomson,R.N. 

E. D. Preston, assistant, 
- United States Coast 

and Geodetic Survey. 

Where recorded. 

Halley, in his Tabula Nautica, etc. 

Hansteen’s Magnetismus der Erde, Christiana, 
1819. 

Do. 

Do. 

Do. 

Becquerel’s Trait6 du Magnetisme. 

Do. 

Phil. Trans. Royal Society, Part II, 1877. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Report of Voyage of H. M. S. Challenger. 

}Bulletin No. 23, United States Coast and Geodetic 
Survey, March, 1891. 

Year. Observed. Computed. O-C. o-c2. 

0 0 

1700. —2.00 —2.47 +0.47 0.2209 

1754.3. 8.10 7.68 +0.42 0.1764 

1768.25... 9.88 9.66 +0.22 0.0484 

1775.4. 10.87 10.66 +0.21 0.0441 

1806.3. 15.67 14.93 +0.74 0.5476 

1816. 15.50 16.15 +0.35 0.1175 

1825. 16.87 17.23 —0.36 0.1296 

1836. 17.60 18.62 —1.02 1.0404 

1839. 18.52 18.95 —0.43 0.1849 
1842. 19.27 19.27 0.00 0.0000 

1846. 19.27 19.70 —0.43 0.1849 

1861. 21.75 21.13 +0.62 0.3844 

1863. 21.63 21.31 +0.32 0.1024 

1876.25 ... 22.77 22.32 +0.45 0.2025 
1890.3. 23.00 23.15 —0.15 0.0225 

3.4065 

Probable error of a single observation = + 21.6' 

Period = 600 years. 

(♦Omitted in investigation.) 

Empirical equation for determining the declination for any year: v = 10°.55 + 

9.47 sin 0.6 {t— 1850) -f* 9.56 cos 0.6 (t — 1850). 

41-Bull. Phil. Soc., Wash., Vol. 13. 
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Lat. 13° 05' N. BARBADOS (BRIDGETOWN). Long. 59° 37' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1726. 
o 

—3.91 Mathews... Encyclopedia Metropolitana, London, 1848. 

1760. Do. 

1761. —3.78 Do 

1833. —1.48 Philips. Phil. Trans. Royal Society, 1875. 

18X9 .... —1.22 Mil ne> . Do. 

1846 —1.45 Snhninhnrp-k .\. Tin 

1882. 0.42 British Admiralty Chart. 

1888. 1.03 Lieut. F. H. Delano, U. S. N. Hydrographic Office, archive document. 

1890.4 .... 1.30 E. D. Preston, assistant, Bulletin No. 23, United States Coast and Geodetic 
United States Coast and Survey. 
Geodetic Survey. 

1892. 0.80 Lieut.W.W.Kimball, U.S.N. Hydrographic Office, archive document. 

1893. 1.28 .do. Do. 

Year. Observed. Computed. o-c. -2 
O-C . 

o o 

1720 —3.91 —3.59 —0.32 0.1024 1 
1760. —4.50 —4.29 —0.21 0.0441 

. ■ 

1761. —3.78 —4.29 +0.51 0.2601 

1833. —1.48 —1.70 +0.22 0.0484 

1839. —1.22 —1.35 +0.13 0.0169 
1 Probable error of a single observation = ± 15'. 

1846. —1.45 —0.95 ’ ' —0.50 0.2500 
Period = 300 years. 

1882. -(-0.42 +0.73 —0.31 0.0961 

1888. +1.03 +0.90 +0.13 0.0169 

1890.4 .... +1.30 +0.96 +0.34 0.1156 

1892. + 0.80 +0.99 —0.19 0.0361 

1893. +1.28 +1.02 • +0.26 0.0676 

1.0542 

Empirical equation for finding- the declination for any year :. v — — 1°.54 + 2.62 

sin 1.2 (f — 1850) + 0.812 cos 1.2 (f — 1850). 
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Lat. 6° 08/ S. BATAVIA, JAVA. Long. 106° 48' E. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1605. 

1609. 

1767.. ... 

1814. 

1828. 

1846. 

1858. 

1876.5.. 

1882.75 

1883.5.. 

1884 . 

1885 . 

+3.33 

+3.00 

+1.42 

—0.28 

—0.52 

—0.88 

—1.08 

—1.70 

—1.93 

—1.93 

—1.91 

—1.89 

Saris 

Wallis. 

B. Hall. 

Blosseville...... 

Elliot. 

Novara Expedition, 

van Rijckevorsel.... 

van Stock. 

Hansteen’s Magnetismus der Erde, Christiana, 
1819. 

Do. 

Becquerel’s Trait6 du Magnetisme. 

Phil. Trans. Royal Society, Part II, 1877. 

Do. 

Do. 

Published by Royal Academy of Sciences, Am¬ 
sterdam. 

Magnetical and meteorological observations at 
the Batavian Observatory, Vols. VI and VII. 

Year. Observed. Computed. O-C. c+c2. 

o o 
1605. +3.33 +2.94 +0.39 0.1521 1 
1609. +3.00 +3.12 —0.12 0.0144 

1767. +1.42 +1.87 —0.45 0.2025 

1814. —0.28 —0.34 +0.06 0.0036 

1828.. —0.52 —0.86 +0.34 0.1156 

1846. —0.88 —1.35 +0.47 0.2209 Probable error of a single observation = ± 15'. 
1858. —1.08 —1.56 +0.48 0.2304 Period — 400 years. 
1876.5 .... —1.70 —1.67 —0.0.3 0.0009 

1882.75 ... —1.93 —1.64 —0.29 0.0841 

1883.5 .... —1.93 —1.64 —0.29 0.0841 

1884........ —1.91 —1.63 —0.28 0.0784 % 
1885. —1.89 —1.63 —0.26 0.0676 

1.2546 

Empirical equation for finding the declination for any year: v = 1°.494 

sin 0.9 {t — 1850) — 2.928 cos 0.9 (t — 1850). 

1.194 
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Lat. 18° 56' N. BOMBAY. Long. 72° 54' E. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

179!9 
O 

+5.00 Mathews Encyclopaedia Metropolitana, London, 1848. 
1817. —0 00 Do. 

1845. +0.22 Orlebar.. Phil. Trans. Royal Society, Part 1,1875. 

1847. —0.23 Do. 

1849. —0.25 F. A. E. Keller, Fr. Hydr. Annales Hydrographiques, 1851. 
Engr. 

1856. —0.32 Schlagintweit. Phil. Trans. Royal Society, Part 1,1875. 

1867. —0.70 Do. 

1 f —0.83, Chambers, 1871. 

1872. —0.85 < —0.86. Chambers. 1872. (Bombay magnetic and meteorological observa- 
7 o

 0 CO M
 

00
 

* J
 10 ~ 1
 

00
 

t— 0.88, Chambers, 1873.. 

( —0.89, Chambers, 1874. ] 
1S75. —0.90 i —0.90, Chambers, 1875. V Do. 

[—0.91, Chambers, 1876. 
1 

J 

1878. —0.93 r—0.925, Chambers , 1877. 
| Do. 

1—0.933, Chambers, 1878...... 

1881. —0.93 Chamhftrs. Do. 

) f—0.83, John Dover, 1888. 
1S88.5 .... —0.82 1—0.80, John Dover, 1889. 

i Do. 

Year. Observed. Computed. O-C. o-c2. 

o o 
1722. +5.00 +4.92 +0.08 0.0064 

1817. +0.00 +0.63 —0.63 0.3969 * 

1845. +0.22 —0.29 +0.51 0.2601 

1847. —0.23 —0.34 +0.11 0.0121 

1849. —0.25 —0.39 +0.14 0.0196 

1856. —0.36 —0.54 +0.22 0.0484 Probable error of a single observation = ± 12'. 

1867. —0.70 —0.71 +0.01 0.0001 1 Period = 450 years. 

1872. —0.85 

CD
 

o
 1 —0.09 0.0081 

1875. —0.90 —0.78 —0.12 0.0144 

1878. —0.93 —0.80 —0.13 0.0169 

1881. —0.93 —0.81 —0.12 0.0144 1 
1888.5 .... —0.82 —0.81 —0.01 0.0001 j 

0.7975 

Empirical equation for determining the declination for any year: v = 2°.665 — 

1.625 sin 0.8 (t — 1850) — 3.08 cos 0.8 (t — 1850). 
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Lat. 12° 04/ S. CALLAO, PERU. Long. 77° 08' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1709.9 .... 

o 

— 6.25 Feuillee.. Hansteen’s Magnetismus der Erde, Christiana, 
1819. 

1802 — 9.83 Becquerel’s Traitb du Magnetisme. 

1823........ — 9.50 1 
1827 —10.66 !». Voyages of the Adventure and Beagle, 1826—1836, 

1835........ —10.60 1 London, 1839. 

1836.. —10.40 

1838. —10.50 }. 
Phil. Trans. Royal Society, 1877. 

1858 . —10.66 Friesach. Phil. Trans. Royal Society, Part II, 1877. 

1866. —10.50 Phil. Trans. Royal Society, 1877. 

1883.... — 9.97 Ensign Favereau, , Fr. N.... Annales Hydrographiques, 2d series, 1884. 

1892. —10.00 Lieut. W. P. Conway,U.S.N. Hydrographic information from U.S.S. Yorktown. 

1893.... —10.00 Lieut. L. Mottez,' Fr. N. Annales Hydrographiques, 2d vol., 1893. 
1 

Year. Observed. Computed. O-C. 
-2 
O-C . 

1709.9 .... 
o 

— 6.25 

o 

— 6.32 +0.07 0.0049 

1802. — 9.83 — 9.52 —0.31 0.0961 

1823.. — 9.50 —10.21 +0.71 0.5041 

1827... —10.66 —10.31 —0.35 0.1225 

1835.. —10.60 —10.47 —0.13 0.0169 

1836... —10.40 —10.49 +0.09 0.0081 Probable error of a single observation = ± 12.25'. 
1838. —10.50 —10.59 +0.01 0.0001 Period = 300 years. 
1858. —10.66 —10.60 —0.06 0.0036 

1866. —10.50 —10.53 +0.03 0.0009 

1883. — 9.97 —10.19 +0.22 0.0484 

1892... —10.00 — 9.91 —0.09 0.0081 

1893. -10.00 — 9.87 —0.13 0.0169 

i 
0.8306 

Empirical equation for finding the declination for any year: v — — 8°.45 — 0.105 

sin 1.2 (t — 1850) — 2.16 cos 1.2 (t — 1850). 
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Lat. 33° 56' S. CAPE OF GOOD HOPE. Long. 18° 29' E. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

lfins 
o 

— 0.50 Voyages of the Adventure and Beagle. 

1609.5 .... + 0.20 Keeling.. Do. 

1622.5 .... + 2.00 1 
1675.5 .... + 8.23 . Walker’s Terrestrial and-Cosmical Magnetism. 
1691.5 .... +11.00 

1700 ... J-10.25 

1751.5 .... +19.25 | Edm. Halley. Tabula Nautica, etc. 

1775.5 .... +21.23 Wales. Voyages of the Adventure and Beagle. 

1788.5 .... +24.08 

1792.5 .... +24.52 Tabula Nautica, etc. 
1818.5 .... +26.52 

1836.5 .... +28.50 Fitz Roy.. Becquerel’s Traits du Magnetisme. 

1839.5 .... +29.15 Edm. Halley. Tabula Nautica, etc. 

1841.5 .... +29.10 

1842.5 .... +29.10 

1843.5 .... +29.10 

1844.5 .... +29.10 

1845.5 .... +29.12 , 
Observatory. Reports of observations at Cape of Good Hope 

JLO^tD.O .... Observatory, on file (1888) in library of United 
1847.5 .... +29.21 States Naval Observatory, Washington, D. C. 
1848.5 .... +29.23 
1849.5 .... +29.27 
1850.5 .... +29.31 

1857.5 .... +29.57 
1873.9 .... +30.07 Capts. Nares and Thomson, Voyage of H. M. S. Challenger. 

R. N. 

1890.1 .... +29.53 E. D. Preston, assistant, Bulletin No. 23, United States Coast and Geodetic 
United States Coast and Survey. 
Geodetic Survey. 

Year. Observed. Computed. O-C. 
2 

o-c. 

1605. 

o 
— 0.50 

o 
+ 0.41 —0.91 0.8281 

1609.5 .... + 0.20 + 0.62 —0.42 0.1764 

1622.5 .... + 2.00 , + 1.50 +0.50 0.2500 

1675.5 .... + 8.23 + 7.43 +0.80 0.6400 

1691.5 .... +11.00 + 9.74 +1.26 1.5876 

1700. +10.25 +11.00 —0.75 0.5625 

1751.5 .... +19.25 +19.16 +0.09 0.0081 

1775.5 .... +21.23 +22.64 —1.41 1.9881 

1788.5 .... +24.08 +24.31 —0.23 0.0529 

1792.5 .... +24.52 +24.79 —0.27 0.0729 

1818.5 .... +26.52 +27.43 —0.91 0.8281 

1836.5 .... +28.50 +28.69 —0.19 0.0361 

1839.5 .... +29.15 +28.84 +0.31 0.0961 Probable error of a single observation — ± 22.5'. 

1841.5 .... +29.10 +28.94 +0.16 0.0256 Period = 590 years. 

1842.5 .... +29.10 * +28.99 +0.11 0.0121 

1843.5 .... +29.10 +29.03 +0.01 0.0049 

1844.5 .... +29.10 +29.08 +0.02 0.0004 

1845.5 .... +29.12 +29.12 0.00 0.0000 

1846.5 .... +29.14 +29.18 —0.04 0.0016 

1847.5 .... +29.21 +29.20 +0.01 0.0001 

1848.5 .... +29.23 +29.24 —0.01 0.0001 

1849.5 .... +29.27 +29.27 0.00 0.0000 

1850.5 .... +29.31 +29.30 +0.01 0.0001 

1857.5 .... +29.57 +29.50 +0.07 0.0049 

1873.9 .... +30.07 +29.62 +0.45 0.2025 

1890.1 .... +29.53 +29.29 +0.24 0.0576 

1 1 7.4.368 

Empirical equation for determining the declination for any year: v — 14°.63 + 
3.178 sin 0.G1 (t — 1850) + 14.659 cos 0.61 {t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 283 

Lat. 19° 26' N. CITY OF MEXICO. Long. 99° 05' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1769.. 
o 

—5.47 

—6.70 

—8.13 

—8.50 

—8.59 

—8.77 

—8.37 

—8.50 

—8.45 

—8.14 

—8.17 

—8.58 

—8.31 

Don Alzate 

Velasques 

Hansteen’s Magnetismus der Erde, 1819. 

Mem. del Observatorio Met. Central de Mexico, 
1880. 

Hansteen’s Magnetismus der Erde, 1819. 

Mem. del Observatorio Met. Central de Mexico, 
1880. 

Tratado de Topografia y Geodesia, Mexico, 1869. 

Phil. Trans. Royal Society, 1875. 

Tratado de Topografia y Geodesia, Mexico, 1869. 

Do. 

Mem. del Observatorio Met. Central de Mexico, 
1880. 

Tratado de Topografia y Geodesia, Mexico, 1869. 

Do. 

Mem. del Observatorio Met. Central de Mexico, 
1880. 

1775. de Leon 

1803. 

1849. Gomez de 

Velasques 

Muller and 

Salazar Ill? 

Diaz Covar 

Iglesias 

a Cortin 

and Ter 

Sontag 

iregui... 

1850. 

1856.. 

1858. 

I860. ubias 

1862.. 

1866.5 .... 

1868. 

Ponce deI 

Fernandez 

}. 

jeon. 

1879. 

1885.3 .... 

Year. Observed. Computed. O-C. 
-2 
O-C . 

1769. 
o 

—5.47 

o 

—6.03 -{-0.56 0.314 

1775. —6.70 —6.35 —0.35 0.123 

1803. —8.13 —7.65 —0.48 0.230 

1849. —8.50 —8.60 +0.10 0.010 

1850. —8.59 —8.61 —0.02 0.000 

1856. —8.77 —8.59 —0.18 0.032 
Probable error of a single observation = ± 14'. 

1858. —8.37 —8.58 +0.21 0.044 
Period = 360 years. 

1860. —8.50 —8.56 +0.06 0.004 

1862. —8.45 -Is. 53 +0.08 0.006 

1866.5 .... —8.14 —8.47 +0.33 0.109 

1868. —8.17 —8.45 +0.28 0.078 

1879. —8.58 —8.21 —0.37 0.137 

1885.3 .... —8.31 —8.03 —0.28 0.078 

1.165 

Empirical equation for the determination of the declination for any year : v = 

— 5°.52 + 0.027 sin (t — 1850) — 3.09 cos (t — 1850). 



284 LITTLEHALES. 

Lat. 36° 42' S. CONCEPCION. Long. 73° 07' W. 

Year. 
Magnetic 
declina¬ 

tion. Observer. 

o 

Authority. 

Where recorded. 

1709. 

1792. 

1794. 

1821. 

1823. 

1824. 

1825. 

1826. 

1827. 

1829. 

1835. 

1882. 

—10.33 Feuill6e 

—14.86 | 

—14.86 ) 

—15.50 

—16.27 

—15.00 

—16.82 

—16.79 

—17.03 

—16.79 

—16.80 

—17.23 

B. Hall. 

Duperrey.. 

Kotzebue . 

Beechey. 

Fitz Roy. 

Lutke. 

King. 

FitzRoy. „ 

Lieuts. Barnardi&res and 
Barnaud, Fr. N. 

1893. 16.75 Lieut. Mottez, Fr. N. 

Year. Observed. Computed. O-C, 0-0 

Hansteen’s Magnetismus der Erde, Christiana, 
1819. 

Brewster’s Treatise on Magnetism, Edinburg, 
1834. 

Beequerel’s Traite du Magnetisme. 

Voyage autour du Monde, Paris, 1829. 

Phil. Trans. Royal Society, 1877. 

Annales Hydrographiques, 1884. 

Annales Hydrographiques, 2d vol., 1893. 

1709. 

1792. 

1794. 

1821. 

1823. 

1824. 

1825. 

1826. 

1827. 

1829. 

1835. 

1882. 

1893. 

—10.33 —10.45 

—14.86 —14.74 

—14.86 —14.85 

—15.50 —16.25 

—16.27 —16.30 

—15.00 —16.34 

—16.82 —16.37 

—16.79 —16.41 

—17.03 —16.45 

—16.79 —16.54 

—16.80 —16.72 

—17.23 —16.97 

—16.75 —16.70 

+0.12 0.0144 

—0.12 0.0144 

—0.01 0.0001 

+0.75 0.5625 

+0.03 0.0009 

+1.34 1.7956 

—0.45 0.2025 

—0.38 0.1444 

—0.58 0.3364 

—0.25 0.0625 

—0.08 0.0064 

—0.26 0.0676 

—0.05 0.0025 

3.2102 

Probable error of single observation = ± 23.22'. 

Period = 360 years. 

Empirical formula for determining the declination for any year: v — — 13°. 626 

— 0.829 sin (t — 1850) — 3.424 cos (t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 285 

Lat. 29° 57' S. COQUIMBO. Long. 71° 22' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1700........ 
o 

— 8.53 

—10.00 

—11.77 

—14.00 

—14.40 

—14.40 

—14.59 

—14.67 

—14.35 

—13.70 

—13.59 

—13.63 

Feuillee. Hansteen’s Magnetismus der Erde, Christiana, 
1819. 

Brewster’s Treatise on Magnetism, Edinburg, 
1834. 

Becquerel’s Traite du Magnetisme. 

Phil. Trans. Royal Society, Part II, 1877. 

Voyages of Adventure and Beagle, London, 1839. 

French Chart No. 1746. 

Annales Hydrographiques, 2d series, 1884. 

Naval Professional Papers, No. 19. 

Chilean Hydrographic Notices, No. 12, 1890. 

Contributions to Terrestrial Magnetism, Hydro¬ 
graphic Office Publication, No. 109. 

1712.... 

1791.3 .... 

1821. 

}. 

B. Hall... 

1828. 

1834. Fit?: R.ov... 

1853. 

1870.... 

1882.;. 

1883. 

1889. 

}. 

Ensign Favereau, 

Lieut. F. Hanford, 

Chilean astronome 

Lieut. J. F. Moser, 
U. S. S. San Fran 

Fr. N. 

U. S. N... 

rs. 

1891. U. S. N., 
cisco. 

Year. Observed. Computed. O-C. 0+3. - 

1700. 
o 

— 8.53 

o 

— 8.97 +0.44 0.1936 

1712. —10.00 — 9.27 —0.77 0.5929 

1791.3 .... —11.77 —12.77 +1.00 1.0000 
1821.. —14.00 —13.88 —0.12 0.0144 

1828. —14.40 —14.06 —0.34 0.1156 

1834.. —14.40 —14.18 —0.22 0.0484 Probable error of a single observation = ± 21.3'. 
1853. —14.59 —14.39 —0.20 0.0400 Period = 360 years. 
1870. —14.67 —14.30 —0.37 0.1369 
1882. —14.35 —14.09 —0.26 0.0676 

1883. —13.70 —14.06 +0.36 0.1296 

1889. —13.59 —13.92 +0.33 0.1089 

1891. —13.63 —13.86 +0.23 0.0529 

2.5008 

Empirical formula for determining the declination for any year: v ——11°.55 

— 0.281 sin (t — 1850) — 2.82 cos (t—1850). 

42-Bull. Phil. Soc., Wash., Vol. 13. 



286 LITTLEHALES. 

Lat. 38° 32' N. FAYAL, AZORES. Long. 28° 33' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1589.7 .... 

o 
—3.09 Wright. Hansteen’s Magnetismus der Erde, Christiana, 

1819. 

1775.5 .... 22.12 Cook.. Do. 

1814. 23.50 Reid. Becquerel’s Traits du Magnetisme. 

1829.. 25.92 Liitke. Phil. Trans. Royal Society, Part I, 1875. 

Do. 1842. 27.00 

25.87 

Vidal. 

1890. Lieut. J. C. Colwell, U. S. N.. Hydrographic Office Publication, No. 109. 

1891. 24.50 H. M. S. Acorn .... Letter from the British hydrographer, dated May 
11, 1893. 

Year. Observed. Computed. O-C. 
_2 
O-C . 

1589.7 .... 

1775.5 .... 

1814. 

1829. 

1842. 

o 
—3.09 

22.12 
23.50 

25.92 

27.00 

25.87 

24.50 

o 
—2.92 

21.03 

25.17 

26.04 

26.49 

25.06 

24.97 

—0.17 

+1.09 

—1.67 

—0.12 

+0.51 

+0.81 

—0.47 

0.0289 

1.1881 

2.7889 

0.0144 

0.2601 

0.6561 

0.2209 

1 

i Probable error of a single observation = ± 46'. 

' Period = 530 years. 

1890. 

1891. 

5.1574 

Empirical equation to determine the declination for any year: a = 11°.82-f- 

0.23 sin || {t — 1850) + 14.75 cos B (t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 287 

Lat. 23° 09' N. HABANA, CUBA. Long. 82° 22' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1726.... 
O 

—4.40 Encyclopaedia Metropolitana, 1848. 

1732.3 .... —4.50 Harris. ... Do. 

1815. —7.00 Encyclopaedia Britannica, 7th ed., 1842. 

1816.5 .... —5.50 Bentley .. Do. 

1840. —5.67 Reormerel’s Trn.itA dn Maernetisme. 

1857. —5 27 
( United States Coast Survey 1 [Sabine’s Collection, Phil. Trans. Royal Society, 
(Friesach. J 1 1875. 

1858. —5.75 From a map of Cuba, 1860. 

1874.5 .... —4.28 Benito Vines. Observaciones Magneticas y Meteorologicas de 
Real Colegio de Belen, 1st semestre, 1876. 

1879.2 .... —3.90 Lieut. Com. Ackley, U.S.N. Hydrographic’Office archives document. 

1885.3 .... —3.68 Benito Vines. Observaciones Magneticas y Meteorologicas de 
Real Colegio de Belen. 

1887. —3.62 .do. Do. 

1888.3 .... —3.61 Do. 

1889.3 .... —3.57 .do. Do. 

Year. Observed. Computed. O-C. o-c2. 

1726. 
o 

—4.40 
o 

—4.22 —0.18 0.0324 

1732.3 .... —4.50 —4.55 +0.05 0.0025 

1815. —7.00 —6.47 —0.53 0.2809 

1816.5 .... —5.50 —6.54 +1.04 1.0816 

1840. —5.67 —5.87 +0.20 0.0400 

1857. —5.27 —5.19 —0.08 0.0064 
Probable error of a single observed value = ± 17'. 

1858. —5.75 —5.14 —0.61 0.3721 . 
Period = 360 years. 

1874.5 .... —4.28 —4.32 +0.04 0.0016 

1879.2 .... —3.90 —4.08 +0.18 0.0324 

1885.3 .... —3.68 —3.98 +0.30 0.0900 

1887. —3.62 —3.65 +0.03 0.0009 

1888.3 .... —3.61 —3.59 —0.02 0.0004 

1889.3 .... —3.57 —3.53 —0.04 0.0016 

1.9428 

Empirical equation for determining the declination for any year: v = — 3°.42 

+ 2.36 sin {t — 1850) — 2.07 cos (t — 1850). 



288 LITTLEHALES. 

Lat. 22° 16/ N. HONGKONG, CHINA. Long. 114° 10' E. 

Year. 
Magnetic 
declina- 
• tion. 

Authority. 

Observer. Where recorded. 

1780.. .. 

1792.. .. 

1824.. .. 

1827.. .. 

1830.. .. 

1837.. .. 

1843.. .. 

1855.. .. 

1875.. .. 

1876.. .. 

1884.. .. 

1885.5 

1887.5 

+0.50 

—1.28 

—1.70 

—2.00 

—1.58 

—1.08 

—0.62 

—0.50 

—0.93 

—0.60 

—0.77 

—0.75 

—0.70 

Cook. 

Bougainville 

Beechey. 

Laplace. 

Darandeau.... 

Belcher. 

| Richards, 

Doberck 

Hansteen’s Magnetismus der Erde, Christiana, 
1819. 

. Brewster’s Treatise on Magnetism, Edinburg, 
1837. 

Becquerel’s Traite du Magnetisme. 

Phil. Trans. Royal Society, Part I, 1875. 

Do. 

Do. 

Do. 

f Observations and Researches at Hongkong, by 
\ W. Doberck. 

Annales Hydrographiques, 1876. 

f Observations and Researches made at Hong- 
\ kong, by W. Doberck. 

Hongkong, Government Gazette, May 31, 1888. 

Year. Observed. Computed. O-C. 
-2 
O-C . 

o o Wts. 

1780. +0.50 -0.48 +0.98 0.9604 x 0.2401 

1792. —1.28 —0.70 —0.58 0.3364 * 0.0841 

1824. —1.70 —1.06 —0.64 0.4096 x 0.2048 

1827. —2.00 —1.08 —0.92 0.8464 X 0.2116 

1830. —1.58 —1.08 —0.50 0.2500 1 
B 0.1250 

1837. —1.08 —1.09 +0.01 0.0001 X 0.0001 

1843. —0.62 —1.08 +0.46 0.2116 1 0.2116 

1855. —0.50 —1.03 +0.53 0.2809 1 0.2809 

1875. —0.93 —0.80 —0.13 0.0169 1 0.0169 

1876. —0.60 —0.79 +0.19 0.0361 1 0.0361 

1884. —0.77 —0.65 —0.12 0.0144 1 0.0144 

1885.5 .... —0.75 —0.62 —0.13 0.0169 1 0.0169 

1887.5 .... —0.70 —0.59 —0.11 0.0121 1 0.0121 

1.4546 

Probable error of a single observa 
tion = + 15'. 

Period — 450 years. 

Empirical equation for determining the declination for any year: i> = 0°.990 4- 

0.389 sin 0.8 {t — 1850) — 2.047 cos 0.8 (t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 289 

Lat. 21° 18/ N. HONOLULU. Long. 157° 52' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1817. 

o 
—10.95 Kotzebue. Coast and Geodetic Survey Report, 1882, Appen¬ 

dix No. 12. 

1819 .... —10.40 Freycinet. Do. 

1824.5 .... — 9.87 Byron. Phil. Trans. Royal Society, 1875. 

—10.43 
—10.18 

_10 33 / 

Do. 
188R Voyage de la Bonite, Paris, 1842. 

Voyage de la Venus, Paris, 1841. 
1837. 

110.66 Beechey.. Phil. Trans. Royal Society, 1875. 

1838 . —10.65 Belcher. Do. 

1840. — 9.28 Berghaus . Coast and Geodetic Survey Report, 1882. 

1852 ... — 9.17 Collinson. Phil. Trans. Royal Society, 1875. 
Memoirs of the Imperial Academy of Sciences, 

Vienna, vols. XXIX to XLIV. 
1859.2 .... — 9.68 Friesach. 

1871 ... — 9.60 Lyon. Hawaiian Government Survey. 

Do. 1872. — 9.30 .do. 

1875. — 9.27 Alexander. Do. 

1875.5 .... — 9.35 Capts. Nares and Thom¬ 
son, R. N. 

Voyage of H. M. S. Challenger. 

1879. — 9.53 Lyon. Coast and Geodetic Survey Report, 1888, Appen¬ 
dix No. 7. 

1881 — 9.67 
—10.23 

.do. Do. 
Do. 1884 .do. 

1888.2 .... —10.05 Lieut. J. O. Wilson, 
U. S. N. 

Hydrographic Office archives document. 

1891.2 .... —10.20 Lyon. Communicated in letter to author, Feb. 16,1891. 
1892.5 .... —10.27 E. D. Preston. Coast and Geodetic Survey Report for 1893, part 2. 
1894.9 .... —10.33 Lyon. Hydrographic Office archives document. 

Year. Observed. Computed. O-C. 
-2 
O-C . 

o o 

1817. —10.95 —10.85 —0.10 0.0100 

1819. —10.40 —10.72 +0.32 0.1024 

1824.5 .... — 9.87 —10.40 +0.53 0.2809 

1827. —10.43 —10.27 —0.16 0.0256 
1836. —10.18 — 9.88 —0.30 0.0900 

1837. —10.33 — 9.85 —0.48 0.2304 

1838. —10.65 — 9.82 —0.83 0.6889 
1840. — 9.28 — 9.75 +0.47 0.2209 
1852. — 9.17 — 9.49 +0.32 0.1024 

1859.2 .... — 9.68 — 9.43 —0.25 0.0625 \ 
1871. — 9.60 — 9.52 —0.08 0.0064 ■Probable error of a single observation = ± 14'. 

1872. — 9.30 — 9.53 +0.23 0.0529 

1875. — 9.27 — 9.59 +0.32 0.1024 

1875.5 .... — 9.35 — 9.60 +0.25 0.0625 

1879. — 9.53 — 9.68 +0.15 0.0225 

1881. — 9.67 — 9.74 +0.07 0.0049 
1884. —10.23 — 9.83 —0.40 0.1600 

1888.2 .... —10.05 —10.00 —0.05 0.0025 
1891.2 .... —10.20 —10.13 —0.07 0.0049 

1892,5 .... —10.27 —10.19 —0.08 0.0064 

1894.9 .... —10.33 —10.30 —0.03 0.0009 

2.2403 

Empirical equation for determining the declination for any year: v = — 9°.52 

f 0.0158 {t — 1850) — 0.00074 {t — 1850)2. 



290 LITTLEHALES. 

Lat. 24° 38/ N. MAGDALENA BAY, LOWER CALIFORNIA. Long. 112° 07'W. 

Year. 
Magnetic 
declina- 

Authority. 

tion. Observei Where recorded. 

1783.3 .... 

o 

— 6.78 Coast and Geodetic Survey Appendix, No. 7, 
Report for 1888, p. 273. 

1837. — 8.28 La Venus Phil. Trans. Royal Society, 1875. 

Do. 1839. — 9.25 Belcher .. 

1866. —10.68 Harkness Smithsonian Contributions to Knowledge, No. 
239, 1873. 

1871.3 .... —11.00 G. Bradford, assistant. Coast Chart in Coast Survey archives. 
and Geodetic Survey. 

f W. Eimbeck, assistant,Coast 1 

1873.3 .... —10.56 
J and Geodetic Survey. 

1 Commander G. Dewey, U. 
[Appendix No. 13, Coast and Geodetic Survey 
f Rep., 1882'. 

i S. N. J 
1881.2 .... —10.48 Lieut. Commander !I. E. Coast and Geodetic Survey Appendix, No. 7, 

Nichols , U. S. N. Report for 1888, p. 273. 

Year. Observed. Computed. o-c. ——2 
O-C . 

1783.3 .... 

o 

— 6.78 
o 

— 5.77 —1.01 1.020 1 

1837. — 8.28 — 9.54 +1.26 1.588 

1839. — 9.25 — 9.72 +0.47 0.221 
Probable eiTor of a single observation = ± 35'. 

1866... —10.68 —10.58 —0.10 0.010 
Period = 252 years. 

1871.3 .... —11.00 —10.59 —0.41 0.168 

1873.3 .... —10.56 —10.58 +0.02 0.000 

1881.2 .... —10.48 —10.47 —0.01 0.000 

| 3.007 

Empirical equation for determining the declination for any year: v — — 7°.484 

— 1.469 sin ^ (<— 1850) — 2.739 cos y 0 — 1850). 



CHANGE IN DIRECTION OF /EARTH S MAGNETIC FIELD. 291 

Lat. 14° 36' N. MANILA. Long. 120° 58/ E. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

17C6. 

1792.6 .... 

1829.5 .... 

1836. 

1844. 

1887. 

1887 *. 

1890. 

o 

+0.25 

—0.29 

—0.58 

—0.50 

-0.30 

—0.83 

—1.00 

—0.80 

Le Gentil. 

( Lutke, 1829, 0°.17. 

j Laplace, 1830, 1°. 

Belcher. 

Observatory. 

U. S. S. Essex. 

Observatory. 

Hansteen’s Magnetismus der Erde, Christiana, 
1819. • 

Brewster’s Treatise on Magnetism, Edinburg, 
1834. 

>Phil. Trans. Royal Society, Part I, 1875. 

Voyage de la Bonite, Paris, 1842. 

Phil. Trans. Royal Society, Part I, 1875. 

El Magnetismo Terrestre en Filipinas por P. 
Ricardo Cirera, S. J. 

Hydrographic Office archives document. 

Report of Observatorio Meteorologico de Manila, 
1890. 

Year. Observed. Computed. O-C. o-c2. 

1766. 

1792.6 .... 

1829.5 .... 

1836. 

1844. 

1887. 

1890. 

o 

+0.25 

—0.29 

—0.58 

—0.50 

—0.30 

—0.83 

—0.80 

o 

+0.13 

—0.11 

—0.47 

—0.53 

—0.60 

—0.80 

—0.80 

+0.12 

—0.18 

—0.11 

+0.03 

+0.30 

—0.03 

+0.00 

Wts. 
0.0144 1 0.0144 

0.0324 1 0.0324 

0.0121 2 0.0242 

0.0009 2 0.0018 

0.0900 1 0.0900 

0.0009 3 0.0027 

0.0000 3 0.0000 

Probable error of a single observa¬ 
tion = ± 08.3'. 

Period = 360 years. 

0.1655 

* Omitted in investigation. 

Empirical equation for determining the declination for any year: v = — 0°.223 

— 0.399 sin {t — 1850) — 0.418 cos (t — 1850). 



292 LITTLEHALES, 

Lat. 34° 54' S. MONTEVIDEO. Long. 56° 12' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1789.7 .... 
o 

—13.67 Brewster’s Treatise on Magnetism, Edinburg, 
1834. 

1807 —13.33 .Becquerel’s Trait6 du Magnetisme. 

1890 12 78 Do. 

1826* .... —10.39 Voyages of the Adventure and Beagle, London, 
1839. 

189,7 19 19 Phil. Trans. Royal Society, Part II, 1877. 

1890 —11 72 Do. 

1880 —11.70 Do. 

• f Fitz Rov, 1833. —12°.66. 1 n 1834.5 .... —11.62 > Do. 
] La Bonite, 1836, — -109.59.,... 1 

1843.5 .... —10.70 
l-Sullivan . Do. 

1844.6 .... —10.88 j 
1852 ... —10.22 Do. 
1866 — 9.35 Smithsonian Contributions to Knowledge, No. 

239, 1873. 

1882.6 .... — 8.23 Lieuts. Barnaud and Bar- Annales Hydrographiques, 1884. 
nardibres. 

1883*. — 7.90 Lieut. H. W. Lyon, U. S. N.. Naval Professional Papers, No. 19. 

1888.4 .... — 7.32 Lieut. Davenport, U. S. N.... Hydrographic Office Publication, No. 109. 

f Lieut. Bloeklinger, U.S.N., Do. 
Jan.. 1893. —8.27. 

1893.2 .... — 7.62 
1 Lieut. Mottez, Fr. N., May, Annales Hydrographiques, 2d vol., 1893. 
1 1893, —6.97. 

1894.3 .... — 7.67 Lieut. J. H. Bull, U. S. N.... Hydrographic Office archives document. 

Year. Observed. Computed. O-C. 
s—m 
o-c. 

1789.7 .... 
o 

—13.67 
o 

—14.11 0.44 0.1936 

1807. —13.33 —13.02 —0.31 0.0961 

1820. —12.78 —12.33 —0.45 0.2025 

1827. —12.12 —11.91 —0.21 0.0441 

1829. —11.72 —11.78 +0.06 0.0038 

1830. —11.70 —11.72 +0.02 0.0004 

1834.5 .... —11.62 —11.44 —0.18 0.0324 
Probable error of a single observation = ± 11.76'. 

1843.5 .... —10.70 —10.84 +0.14 0.0196 
Period = 360 years. 

1844.6 .... —10.88 —10.76 —0.12 0.0144 

1852. —10.22 —10.27 +0.05 0.0025 

1866. — 9.35 — 9.32 —0.03 0.0009 

1882.6 .... — 8.23 — 8.28 +0.05 0.0025 

1888.4.... — 7.32 — 7.95 +0.63 0.3969 

1893.2.... — 7.62 — 7.70 +0.08 0.0064 

1894.3. — 7.67 — 7.64 —0.03 0.0009 

1.0168 

* Omitted in investigation. 

Empirical equation for determining the declination for any year: v — — 10°.28 

+ 3.9 sin (t— 1850) — 0.119 cos (i —1850). 



CHANGE IN DIRECTION OF EARTH S MAGNETIC FIELD. 293 

Lat. 5® 05' S. PAYTA, PERU. Long. 81° 05.5' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1S21 . 
O 

—9.00 B. Hall...... 
4 

Becquerel’s Traite du Magnetisme. 

1823.2. ... —8.93 1 

1835.. —9.00 1 Sabine’s Collection. Phil. Trans. Royal Society, 
1836. —9.00 f 1877. 

1866. —8.88 I 
1880. —8.67 

J 
B. A. variation chart. 

1883. —8.23 Lieut. Barnaud, Fr . N. Annales Hydrographiques, 2d series,1884. 

1884.1 .... —8.47 Lieut. J. F. Miller. Hydrographic Office Publication, No. 109, Contri¬ 
butions to Terrestrial Magnetism. 

1891.3 .... —8.80 Lieut. J. F. Moser, U.S.N... Hydrographic Office archives document. 

1892.9 .... -8.27 Lieut. Mottez, Fr. N. Annales Hydrographiques, 2d vol., 1893. 

1894.2 .... —7.52 Lieut. Fichbohm, U. S. N.... Hydrographic Office Publication, No. 109, Contri¬ 
butions to Terrestrial Magnetism. 

Y ear. Observed. Computed. O-C. o-c2. 

1821. 
o 

—9.00 
o 

—9.11 +0.11 0.0121 

1823.2 .... —8.93 —9.12 +0.19 0.0361 

1835.. —9.00 —9.18 +0.18 0.0324 

1836. —9.00 —8.18 +0.18 0.0324 

1866. —8.88 —8.82 —0.06 0.0036 Probable error of a single observed value — 
± 14.22'. 

1880.. —8.67 —8.44 —0.23 0.0529 
Period = 300 years. 

1883.. —8.23 —8.36 +0.13 0.0169 

1884.1 .... —8.47 —8.32 —0.15 0.0225 

1891.3 .... —8.80 —8.08 —0.72 0.5184 

1892.9 .... -8.27 —8.05 —0.22 0.0484 

1894.2 .... —7.52 —7.98 +0.46 0.2116 

0.9873 

Empirical equation for determining the declination for any year: v — — 7°.417 
+ 0.556 sin 1.2 {t — 1850) — 1.67 cos 1.2 {t —1850). 

43-Bull. Phil. Soe., Wash., Vol. 13. 



294 LITTLEHALES. 

Lat. 8° 57/ N. PANAMA. Long. 79° 2V W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1775.9 .... 
o 

—7.80 Encyclopaedia Britannica, 7th edition, 1842. 

1790.8 .... —7.80 Don A. Malaspina Berliner Astronomische Jahrbuch, vol. 53, 1828, 
p. 188. 

1802. —8.00 Encyclopaedia Britannica, 7th edition, 1842. 

1822. —7.00 B. Hall... Becquerel’s Trait6 du Magnetisme, 1846. 

1837. —7.00 Belcher. Phil. Trans. Royal Society, 1875. 

1849. —7.01 Emory. Do. 

1858. —6.03 Friesach .. Do. 

1866.4.... —5.90 Harkness.. Do. 

1883.2 .... -5.03 Lieut. Barnaud, Fr. N. Annales Hydrographiques, 2d series, 1884. 

1885. —5.25 Lieut.CommanderW. Welch Hydrographic Office Publication, No. 109, Contri¬ 
butions to Terrestrial Magnetism. 

Year. Observed. Computed. O-C. 
-2 
O-C . 

1775.9 .... 
o 

—7.80 
o 

—7.60 —0.20 0.0400 > 

1790.8 .... —7.80 —7.78 —0.02 0.0004 

1802........ —8.00 —7.90 —0.10 0.0100 

1822. —7.00 —7.52 +0.52 0.2704 

1837. —7.00 —6.99 —0.01 0.0001 Probable error of a single observation = +13'. 
1849. —7.01 —6.48 —0.53 0.2809 Period = 200 years. 
1858. —6.03 —6.10 +0.07 0.0049 

1866.4 .... —5.90 —5.77 -0.13 0.0169 

1883.2 .... —5.03 —5.31 +0.28 0.0784 

1885. —5.25 —5.27 +0.02 0.0004 

0.7024 

Empirical equation for determining the declination for any year: v = — 6°.540 

4- 1.367 sin 1.8 (t — 1850) -j- 0.105 cos 1.8 (t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 295 

Lat. 8° 03' S. PERNAMBUCO. Long. 34° 52' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1815. 
o 
3.00 Becquerel’s Traite du Magnetisme. 

Do. 1819. 4.75 

1822.. 4.80 Do. 

1836. 5.90 Fitz Rnv. Voyages of the Adventure and Beagle, 1826-36. 

Phil. Trans. Royal Society, 1877. 

French Chart. 

1865. 11.00 Darkness 

1867. 11.00 Admiral Mouchez, Fr. N. 

1872. 11.50 French Chart, No. 2748, pub. 1868, cor. 1873- 75. 

Magnetic Survey of the Eastern Part of Brazil, 
published by the Royal Academy of Sciences, 
Amsterdam, 1890. 

1881. 12.91 Dr. van Rijckevorsel and 
E. Engelenburg. 

1892. 14.40 Capt. H. M. Franck. Hydrographic Office archives document. 

Hydrographic Office Publication, No. 109, Contri¬ 
butions to Terrestrial Magnetism. 

1894.2.... 14.50 Lieut. J. C. Cresap, U. S. S. 
Bennington. 

Year. Observed. Computed. O-C. o-c2. 

1815. 
o 

3.00 
o 

3.60 —0.60 0.3600 1 
1819.. 4.75 4.10 +0.65 0.4225 

1822.. 4.80 4.48 +0.32 0.1024 | 

1836. 5.90 6.41 —0.51 0.2601 

1865. 11.00 10.67 +0.33 0.1089 Probable error of a single observation = ± 17.4'. 
1867. 11.00 10.97 +0.03 0.0009 Period = 400 years. 
1872. 11.50 11.69 —0.19 0.0361 

1881. 12.91 12.94 —0.03 0.0009 

1892. 14.40 14.36 +0.04 0.0016 

1894.2 .... 14.50 14.63 —0.13 0.0169 

1.3103 

Empirical equation for determining the declination for any year: v = 8°.994 f 

9.451 sin 0.9 (t — 1850)— 0.539 cos 0.9 {t — 1850). 



296 LITTLEHALES. 

Lat. 53° 01/ N. PETROPAVLOVSK, SIBERIA. Long. 158° 43' E. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1779.5 .... 
° 

—6.30 Capt. J. King. A Voyage to the Pacific Ocean, London, 1784. 

1792. —6.00 (4. Sarvnhp.fiF.. F. P. Lutke’s Voyage Around the World, St. 
Petersburg, 1835. 

1804.7. —5.49 A. J. von Krusenstern. Voyage Around the World, London, 1813. 

f Capt. F. W. Beechey, 4.22... Narrative of a Voyage to the Pacific, 1825- 28, 
1 London, 1831. 

1827.0 .... —4.07 1 Capt. F. P. Ltitke 3.72. Lenz in Mem. St. Peters. Acad. Sc., vol. 1,1838. 

LA. G. Erman, 4.10. Reise um die Erde, Berlin, 1835. 

1837.7 .... -3.45 Du Petit Thouars. Voyage autour dir Monde, Paris, 1843. 

1849.5 .... —2.61 Capt. H. Kellett... Gen. Sir Edw. Sabine in Phil. Trans. Roy. Soo., 
vol. 162, London, 1872. 

1854.6 .... —2.59 Frigate Aurora.... Compt-rendu annuel de l’Observatoire Phys. 
Cent, de Russia, annee, 1854. 

I860. —1.41 K 8! Stn.ritzkv Onazevich’s collection of observations made 
during hydrographic explorations in the Pa¬ 
cific, 1874-’77. 

1870. —1.15 M. S. Onazevieli... Rp.forprip.p as n.hovp. for 18H6. 

f Prof.Stellingman,lS90,+.52 ] 
1891. +0.83 ^ Lieut. Lachton, Rus. N., 1 

| 8 Hydrographic Office archives document. 
[ 1892, +1.16. 1 

Year. Observed. Computed. O-C. o-c2. 

1779.5 .... 
o 

—6.30 
o 

—5.97 —0.33 0.1089 1 
1792. —6.00 —6.00 0.00 0.0000 

L804.7 .... —5.49 —5.70 +0.21 0.0441 

1827.0 .... —4.07 —4.44 +0.37 0.1369 

1837.7 .... —3.45 —3.68 +0.23 0.0529 Probable error of a single observation = ± 21.3'. 
1849.5 .... —2.61 —2.70 +0.09 0.0081 Period — 252 years. 
1854.6 .... —2.59 —1.63 —0.96 0.9216 

1866. —1.41 —1.37 —0.04 0.0016 

1876. —1.15 —0.65 —0.50 0.2500 

1891. +0.83 +0.18 +0.65 0.4225 

1.9466 

Empirical equation for determining the declination for any year: v — — 2°.682 

+ 3.349 sin y (i — 1850) + 0.0156 cos y (t ~ 1850). 



CHANGE IN DIRECTION OF EARTHS MAGNETIC FIELD. 297 

Lat. 53° 10' S. PUNTA ARENAS. Long. 70° 54' W. 

Year. 
Magnetic 
deelina- 

Authority. 

tion. Observer. Where recorded. 

o 

( 22.50. Wallis. 1766 I Voyage of the Adventure and Beagle, 1826-36, 
1766*. —22.43 

) 22.36. Carteret,. 1766..... f London, 1839. 

182S* —23.33 

—22.83 

TCim*_ 
J 

Becquerel’s Trait6 du Magnetisme. 

Voyage of Adventure and Beagle, London, 1839. 

Smithsonian Contributions to Knowledge, No. 

1831*. Fitz Rev. 

1866. —21.87 Harkness 
239, 1873. 

1872*. —21.83 British Admiralty Chart, No. 547. 

British Admiralty Chart, No. 545. 

Ann. de l’Obso. Imp. de Rio de Janeiro. 

f 20.75. 
1883........ —20.97 i 21.18, Brazilian Transit of 

Venus Commission. 

1893.3 .... —20.17 ! Lieut. L. 
I 

Mottez, Fr. N. Annales Hydrographiques, 2d vol., 1893. 

Year. Observed. Computed. O-C. CM]2. 
* 

1766. 
o 

—22.43 
o 

—21.82 —0.61 0.3721 1 
1828. —23.33 —23.73 +0.40 0.1600 

1831. 

1866. 

—22.83 —23.67 —0.84 0.7056 
i Probable error of a single observation = ± 19.3'. 

—21.87 —22.12 +0.25 0.0625 
Period = 360 years. 

1872. -21.83 —21.69 —0.14 0.0196 

1883. —20.97 —20.85 —0.12 0.0144 

1893.3 .... —20.17 -19.99 —0.18 0.0324 

1.3666 

* Taken at Port Famine. 

Empirical equation for determining the declination for any year: v = — 18°.68 

+ 2.71 sin (f — 1850) — 4.35 cos (l — 1850). 



298 LITTLEHALES. 

Lat. 22® 54' S. RIO DE JANEIRO. Long. 43° 107 W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1768. 
O 

—7.57 Cook. Voyage of the Adventure and Beagle, London 
1839. 

1783.5 .... —6.60 Anuario Hidrografico de Chile, Ano XII. 

1787. —6.20 Hunter. Voyage of the Adventure and Beagle, London 
1839. 

! ! —3.57, Freycinct, 1820. I 
1820.5 .. —3.66 i —3.70, Rumkert and Bel- j ^Becquerel’s Traite du Magnetisme. 

i linghausen, 1821. J 
i ' —3.00, Owen, 1822. 1 

1824.5 .... 2.93 \ —3.12, Beechey, 1825. \ Do. 

1 k —2.62, King, 1826. 1 

1 QQQ O A/1 'J f —2.13, Ermann, 1830. Reise um die Erde, etc., Berlin, 1835. 
loOO.,. -Z.U4: 

1 [—2.00, Fitz Roy, 1836 .1 Voyage of the Adventure and Beagle, London, 
1839. 

1851.9 .... —1.25 Annalen der Hydrographie, 1877. 

1857. +1.33 Storm ley and Richards.! British Admiralty Chart, No. 541. 

1866. +2.70 Hark ness.| Smithsonian Contributions to Knowledge, No. 
239, 1873. 

1876.5 .... +4.43 Lieut. S. W. Very, U. S. N.J Appendix No. 7 to Coast and Geodetic Survey 
1 Report for 1888. 

1882.6 .... +4.65 Lieuts. Barnardieres and 1 French Magnetic Survey. Annales Hvdrograph- 
Barnaud, Fr. N. iques, 1884. 

1885. +5.33 Cruls. Anuario Hidrografico de Chile, Ano XII. 

1887.7 .... +5.95 Lieut, de Roujon, Fr. N.1 Annales de Hydrographiques, 1888. 

Year. Observed. Computed. O-C. o-c2. 

o o 

1768. —7.57 —7.01 —0.56 0.3136 1 

1783.5 .... —6.60 —6.85 +0.25 0.0625 

1787. —6.20 —6.73 +0.53 0.2809 

1820.5 .... —3.66 —4.03 +0.37 0.1369 

1824.5 .... —2.93 —3.56 +0.63 0.3969 

1833. —2.04 —2.46 +0.42 0.1764 
Probable error of a single observation = ± 26'. 

1851.9 .... —1.25 +0.28 —1.53 2.3409 
Period = 360 years. 

1857. +1.33 +1.06 +0.27 0.0729 

1866. +2.70 

+4.43 

+2.45 

+4.04 

+0.25 

+0.39 

0.0625 

1876.5 .... 0.1521 

1882.6 .... +4.65 +4.94 —0.29 0.0481 

1885. +5.33 +5.29 +0.04 0.0016 

1887.7 .... +5.95 +5.67 +0.28 0.0784 J 1 

4.1597 

Empirical equation for determining the declination for any year : v = 1°.814 + 

8.655 sin (t — 1850) — 1.825 cos (t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 299 

Lat. 31° ]5' N. SHANGHAI. Long. 121° 29' E. 

Year. 
Magnetic 
declina¬ 

tion. Observer. 

1858. 

o 

-f 1.83 Novara, Expedition. 

1875. +1.98 

1876. +2.02 

1877. +2.02 

1878. +2.00 

1879. +2.02 

1880. +2.03 ^Jesuit missionaries. 

1881. +2.05 

1882. +2.09 

1883. +2.08 

1884. +2.13 

Year. Observed. Computed. O-C. 
2 

o-c. 

o o 

1858. 1.83 1.92 —0.09 0.0081 

1875. 1.98 2.00 —0.02 0.0004 

1876. 2.02 2.01 +0.01 0.0001 

1877. 2.02 2.02 0.00 0.0000 

1878. 2.00 2.02 —0.02 0.0004 

1879. 2.02 2.03 —0.01 0.0001 

1880.. 2.03 2.04 —0.01 0.0001 

1881. 2.05 2.05 0.00 0.0000 

1882. 2.09 2.06 +0.03 0.0009 

1883. 2.08 2.07 +0.01 0.0001 

1884. 2.13 2.08 +0.05 0.0025 

0.0127 

Authority. 

Where recorded. 

Phil. Trans. Royal Society, 1875. 

The Meteorological Elements of the Climate of 
Shanghai, Zi-Ka-Wei Observatory. 

Probable error of a single observation = ± 1.62'. 

Empirical equation for determining the declination for any year: v = 1°.9084 

- 0.000012 {t — 1850) + 0.000149 (t — 1850)2. 



300 LITTLEHALES. 

Lat. 1° 18' N. SINGAPORE. Long. 103° 51' E. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1824 
o 

—1.83 'Rnncninville ... Becquerel’s Traite du Magnetisme. 

1830. —2.00 La, Place... Do. 

1843 ... —1.72 Beecher.».... Phil. Trans. Royal Society, Part 1,1875. 

184(1 —1.60 Elliott....... Do. 

1876.5 .... —2.53 Dr. van Riickevorsel.. Trans. Royal Academy of Sciences, Amsterdam, 
1880. 

1890.5.... —2.57 Lieut. Courmes, Fr, N.. U. S. Hydrographic Office, Notice to Mariners, 
No. 38,1890. 

Year. Observed. Computed. O-C. o-c2. 

o o 

1824. —1.83 —1.52 —0.31 0.0961 

1880. —2.00 —1.78 —0.22 0.0484 

1843.. —1.72 —2.03 +0.31 0.0961 Probable error of a single observation = ± 17'. 
1846. —1.60 —2.10 +0.50 0.2500 Period = 400 years. 

1876.5 .... —2.53 —2.47 —0.06 0.0036 

1890.5 .... —2.57 —2.42 —0.15 0.0225 

0.5167 

Empirical equation for determining the declination for any year: v — 0°.24 — 

1.18 sin (t — 1850) — 2.4307 cos ~ (t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 301 

Lat. 15° 55' S. ST. HELENA. Long. 5° 44' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1010.5 .... 

O 
— 7.22 Davis. 

1677.5 .... — 0.67 Halley. 

1691.5 .... + 1.00 .do. 

1724.5 .... + 7.50 Mathews.. Hansteen’s Magnetismus der Erde, Christiania, 

1775.5 .... + 12.30 Cook. 1819. 

1789.5 .... +15.50 Hunter.... 

1796.5 .... +15.80 Macdonald. 

1806.5 .... +17.30 Krusenstern. 

1839.5 .... +22.28 D u Petit Thouars . Magnetic and Meteorological Observations by 
Maj. Gen. Edw. Sabine. 

1840.5 .... +22.88 Ross. Phil. Trans. Royal Society, Part II, 1877. 

1845.5 .... +23.25 Do. 

1846.5'.... +23.19 Berard. Magnetic and Meteorological Observations by 
Maj. Gen. Edw. Sabine. 

1890.1 .... +23.95 E. D. Preston, assistant, Bulletin No. 23, United States Coast and Geodetic 
United States Coast and Survey, May, 1891. 
Geodetic Survey. 

Year. Observed. Computed. O-C. 
-2 
O-C . 

1610.5 .... 
o 

— 7.22 
o 

—7.51 +0.29 0.0841 

1677.5 .... — 0.67 —1.29 +0.62 0.3844 

1691.5 .... + 1.00 0.61 +0.39 0.1521 

1724.5 .... + 7.50 5.93 +1.57 2.4649 

1775.5 .... +12.30 14.25 —1.95 3.8025 

1789.5 .... +15.50 16.31 —0.81 0.6561 
Probable error of a single observation = ± 41.8'. 

1796.5 .... +15.80 17.28 —1.48 2.1904 
Period = 600 years. 

1806.5 .... +17.30 17.57 —0.27 0.0729 

1839.5 .... +22.28 21.94 +0.34 0.1156 

1840.5 .... +22.88 22.55 +0.33 0.1089 

1845.5 .... +23.25 22.64 +0.61 0.3721 

1846.5 .... +23.19 22.66 +0.53 0.2809 

1890.1 .... +23.95 23.80 +0.15 0.0225 

10.7074 

Empirical equation for determining the declination for any year: v— 7°.90 -f- 

5.92 sin 0.6 (t — 1850) + 14.78 cos 0.6 (t— 1850). 

44—Bull. Phil. Soe., Wash., Vol. 13. 



302 LITTLEHALES. 

Lat. 33° 52' S. SYDNEY. Long. 151° 12' E. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1770.. . 

1787.. . 
1793.2 

1803.. . 

1813.. . 

1818.5, 

1823.. .. 

1841.. .. 

1844.. .. 

1848.5 

1851.5 

1858.. .. 
1864.. .. 
1866.5 

1872.. .. 

1875.. .. 

1880.. .. 

— 8.00 

— 8.50 
— 8.77 

— 8.85 

— 8.87 

— 8.78 

— 8.83 

— 9.90 

— 9.42 

—10.12 

— 9.76 

—10.00 
— 9.82 
— 9.72 

— 9.57 

9.52 

Cook. 

■ Hunter 

Flinders 

Brewster. 
—8.70, Capt. King, 1817.7 
—8.93, Freyeinet, 1819. 

-8.81, Brewster, 1822. 
-8.80, Rumker and Sir T. 

Brisbane, 1823. 
—8.93, Brewster, 1824. 

’ -9.85, Erebus, 1841. 
—9.95, Sir J. C. Ross, 1841 
H. M S. Fly. 

'—10.08, Rattlesnake, 1848 
—10.15, Rattlesnake, 1849 

'—9.72, Admiral King, 1851 

[—9.80, Admiral 
Capt. Denham. 

> Smalley. 

f —9.62, Russell, 
—9.58, Russell, 
—9.57, Russell, 
—9.53, Russell, 

[—9.55, Russell, 
f — 9.47, H. M. S. 

May, 1874. 
[—9.55, Russell, 
' —9.53, Russell, 
—9.58, Russell, 
—9.60, Russell, 
—9.60, Russell, 

.—9.60, Russell, 

King, 1852. 

1870 . 
1871 . 
1872 . 
1873 . 
1874 . 
Challenger. 

June, 1875.. 
1878 . 
1879 . 
1880 . 
1881. 
1882. 

Voyage of the Adventure and Beagle, 1826-36, 
London, 1839. 

Do. 
Brewster’s Treatise on Magnetism, Edinburgh, 

1834. 
Voyage of the Adventure and Beagle, 1826-’36, 

London, 1839. 
Hydrographic Office archives document. 

Do. 
Voyage of the Adventure and Beagle, 1826-’36, 

London, 1839. 
Hydrographic Office archives document. 

Do. 

Do. 
Phil. Trans. Royal Society, Part II, 1877. 
Hydrographic Office archives document. 
Phil. Trans. Royal Society, Part II, 1877. 

| Do. 

A letter from director of Government observa¬ 
tory at Sydney, dated 1890. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Year. Observed. Computed. O-C. o-c2. 

o o 

1770. — 8.00 —7.82 —0.18 0.0324 
1787. — 8.50 —8.35 —0.15 0.0225 
1793.2 .... — 8.77 —8.53 —0.24 0.0576 
1803. — 8.85 —8.82 —0.03 0.0009 
1813. — 8.87 —9.08 +0.21 0.0441 
1818.5 .... — 8.78 —9.22 +0.44 0.1936 
1823. — 8.83 —9.32 +0.49 0.2401 
1841. — 9.90 —9.62 —0.28 0.0784 
1844. — 9.42 —9.63 +0.21 0.0441 
1848.5 .... —10.12 —9.68 —0.44 0.1936 
1851.5 .... — 9.76 —9.70 —0.06 0.0036 
1858. —10.00 —9.73 -0.27 0.0729 
1864. — 9.82 —9.72 —0.10 0.0100 
1866.5 .... — 9.72 —9.72 0.00 0.0000 
1872. — 9.57 —9.70 +0.13 0.0169 
1875. — 9.52 —9.67 +0.15 0.0225 
1880. — 9.58 —9.60 +0.02 0.0004 

0.8556 

Probable error of a single observation = ± 10.44'. 

Period = 324 years. 

Empirical equation for determining the declination for any year: v — — 8°.119 

-0.3239 sin 1.112 (t — 1850) — 1.5765 cos 1.112 (t — 1850). 
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Lat. 17° 31' S. TAHITI, SOCIETY ISLANDS. Long. 149° 34' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1768., 
—5.75, Wallis, 1767.. 

—4.75, Cook, 1769 .. 

1774.6 

1794.. . 

1824.3 

1833.. .. 

1838.5 

1859.. .. 

1871.. .. 

1875.. .. 

1878.. .. 

—5.68 

—6.20 

—7.02 

—7.53 

—6.80 

—7.18 

—7.77 

—7.78 

—7.55 

—5.67, Wales, 1773. 

—5.82, Bayley, 1774. 

[—5.57, Cook, 1777. 

Vancouver. 

f —6.67, Diiperrey, 1823... 

j —6.83, Kotzebue, 1824... 

[—7.55, Beechey, 1826.... 

—7.50, Irland, 1831. 

—7.57, Fitz Roy, 1835.... 

—7.17, Bruce, 1837. 

—6.50, Belcher, 1840. 

—6.90, Friesach, 1859 .... 

—7.45, Novara Ex., 1859. 

Hansteen’s Magnetismus der Erde, Christiania, 
1819. 

Voyage of the Adventure and Beagle, London, 
1839. 

Do. 

Do. 

Voyage autour du Monde, Paris, 1829. 

Phil. Trans. Royal Society, 1877. 

Do. 

Do. 

Do. 

Do. 

Hydrographic Office archives document. 

—8.04, Nares & Thomson, 
R. N., 1875. 

—7.58, Nares & Thomson, 
R. N., 1875. 

—7.85, Nares & Thomson, 
R. N., 1875. 

Report of Challenger Expedition. 

Letter from French Government hydrographer. 

Year. Observed. Computed. O-C. o-c2. 

o o 
1768. —5.25. —5.07 —0.18 0.0324 

1774.6 .... —5.68 —5.28 —0.40 0.1600 

1794. —6.20 —5.93 —0.27 0.0729 

1824.3 .... —7.02 —6.87 —0.15 0.0225 

1833. —7.53 —7.08 —0.45 0.2025 

1838.5 .... —6.80 —7.22 +0.42 0.1764 

1859. —7.18 —7.52 +0.34 0.1156 

1871... —7.77 —7.58 —0.19 0.0361 

1875. —7.78 —7.58 —0.20 0.0400 

1878. —7.55 —7.58 +0.03 0.0009 

0.8593 

Probable error of a single observation 

Period = 360 years. 

: ± 14' 

Empirical equation for determining the declination for any year 

— 0.8288 sin {t — 1850) — 1.7697 cos (t —1850). 

— 5°. 64 
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Lat. 33° 02' S. VALPARAISO. Long. 71° 39' W. 

Year. 
Magnetic 
declina¬ 

tion. 

Authority. 

Observer. Where recorded. 

1709.. 

1744.. 

1793.. 

1802.. 

1821.. 

1823.. 

1825.. 

1831.. 

1835.. 

1837.. 

1838.. 

1859.. 

1860.. 

1882.6 

1883.2 

1884.... 

—9.50 

-12.50 

-14.82 

-14.92 

-14.72 

-15.68 

-15.87 

-15.00 

-15.30 

-15.58 

-15.60 

-15.67 

-15.85 

-15.43 

-15.25 

-15.68 

Feuillee. 

B. Hall. 

Morrell.. 

Beechey . 

King.. 

Laplace. 

Beechey.. 

La Venus .. 

Novara Expedition 

Harkness. 

Lieuts. Barnardibres and 
Barnaud, Fr. N. 

.do.... 

Lieut. J. W. Carlin, U. S. N. 

Phil. Trans. Royal Society, 1877. 

Voyage of the Adventure and Beagle. London, 
1839. 

Do. 

Becquerel’s Traite du Magnetisme. 

Do. 

Phil. Trans. Royal Society, 1877. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Smithsonian Contributions to Knowledge, No. 
239, 1873. 

French Magnetic Survey. 

Annales Hydrographiques, 1884. 

Hydrographic Office Publication, No. 109. 

Year. Observed. Computed, O-C. 0-0 . 

1709. 

1744. 

1793. 

1802. 

1821. 

1823. 

1825. 

1831. 

1835. 

1837 . 

1838 . 

1859. 

1866. 

1882.6 ... 

1883.2 ... 

1884. 

- 9.50 

-12.50 

-14.82 

-14.92 

-14.72 

-15.68 

-15.87 

-15.00 

-15.30 

-15.58 

-15.60 

-15.67 

-15.85 

-15.43 

-15.25 

-15.68 

-10.24 

-11.98 

-14.38 

-14.76 

-15.39 

-15.44 

-15.49 

-15.61 

-15.67 

-15.69 

-15.69 

-15.72 

-15.68 

-15.24 

-15.23 

-15.21 

+0.74 

—0.52 

—0.44 

—0-16 

+0.67 

—0.24 

—0.38 

+0.61 

+0.37 

+0.11 

+0.09 

+0.05 

—0.22 

—0.19 

—0.02 

—0.47 

0.5476 

0.2704 

0.1936 

0.0256 

0.4489 

0.0576 

0.1444 

0.3721 

0.1369 

0.0121 

0.0081 

0.0025 

0.0484 

0.0361 

0.0004 

0.2209 

Probable error of a single observation = ± 18 

Period = 360 years. 

2.5256 

Empirical equation for determining the declination for any year: v = — 12°. 639 

+ 0.047 sin (t — 1850) — 3.124 cos (t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 305 

INCLINATION. 

Lat. 18° 28' S. ARICA, PERU. Long. 70° 20.5' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1768 . 
o 

—28.00 

—13.67 

—12.76 

-11.77 

Wilcke’s Inclination Chart. 

Phil. Trans. Royal Society, 1877. 

Annales Hydrographiques, 2d series, 1884. 

Annales Hydrogi’aphiques, 2d vol., 1893. 

1858 Friesach... 

1883. 

1893.2 .... 

Ensign Favereau, Fr. N. 

Lieutenant Mottez, Fr. N... 

Year. Observed. Computed. O-C. o-c2. 

1768. 

1858. 

1883. 

1893.2 .... 

o 

—28.00 

—13.67 

—12.76 

—11.77 

o 

—27.99 

—13.85* 

—12.54 

—11.84 

—0.01 

+0.18 

—0.22 

+0.07 

0.0001 

0.0324 

0.0484 

0.0049 

* 
Probable error of a single observation = ± 12'. 

Period = 350 years. 

J 

0.0858 

Empirical equation for determining the inclination for any j^ear: I — — 21°.67 

+ 7.02 sin 1.06 (t — 1850) + 0.89 cos 1.06 (t — 1850). 
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Lat. 7° 55.5' S. ASCENSION ISLAND. Long. 14° 24' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1754 
o 
4-11.16 Hansteen’s Magnetismus der Erde, Christiania, 

1819. 

1775 . + 8.95 .T- Conk. Do. 

1895! ... + 5.16 Becquerel’s Traite du Magnetisme, 1846. 

1834 + 1.95 Phil. Trans. Royal Society, Part II. 1877. 

1836. + 1.65 Fitz Roy.. Do. 

1839. + 0.10 Du Petit Thouars. Do. 

1842. — 0.13 Allen .. Do. 

1852.9 .... - 4.12 “ L’Eugenie ”. Annalen der Hydrographie, 1877. 

(1863 — 4.78 H. M. S. Hecate. Phil. Trans. Royal Society, Part II, 1877. 
-LOUO.O •... 

1 1864 — 5.95 Rokeby . Do. 

1876.2 .... — 7.75 H. M. S. Challenger. Voyage of H. M. S. Challenger. 

1890.2 .... -11.63 E. D. Preston, assistant, Coast and Geodetic Survey Report, 1891. 
Coast and Geodetic 
Survey. 

Year. Observed. Computed. O-C. o-c2. 

1754. 
o 

+11.16 

O 
+11.10 +0.06 0.0036 ' 

1775. + 8.95 +10.94 —1.99 3.9601 * 

1822. + 5.16 + 3.62 +1.54 2.3716 

1834. + 1.95 + 1.33 +0.62 0.3844 

1836. + 1.65 + 0.91 +0.74 0.5476 
Probable error of a single observation = ± 44'. 

1839. + 0.10 + 0.29 —0.19 0.0361 - 

Period — 600 years. 
1842. — 0.13 — 0.34 +0-21& 0.0441 

1852.9 .... — 4.12 — 2.76 —1.36 1.8496 

1863.5 .... — 5.37 — 5.18 —0.19 0.0361 

187,6.2 .... — 7.75 — 8.22 +0.47 0.2209 

1890.2 .... —11.63 —11.63 0.00 0.0000 

9.4541 

Empirical equation for determining the inclination for any year: 1 = — 12°.32 

— 21.24 sin 0.6 (< — 1850) + 10.24 cos 0.6 (t — 1850). 
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Lat. 13° 05' N. BARBADOS (BRIDGETOWN). Long. 59° 37' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1722.7 .... 
o 

44. 5 Appendix No. 1, Report of United States Coast 
and Geodetic Survey for 1895, p. 266. 

Do. 
1835.3 .... 43.76 

vTTome.. 
1836.. 43.48 

1846. 43.95 Sohomhnrerlc. Do. 

1880. 43.37 H. M. S. Challenger Mag¬ 
netic Chart. 

Report of Scientific Results of the Exploring 
Voyage of H. M. S. Challenger, 1873-1876, 
Physics and Chemistry, vol. II. 

1890.3 .... 43.13 E. D. Preston, assistant, 
United States Coast and 
Geodetic Survey. 

Bulletin No. 23, United States Coast and Geodetic 
Survey, March, 1891. 

Year. Observed. Computed. O-C. 
-2 
O-C . 

1722.7 .... 
o 

44. 5 
o 
44.49 +0.01 .0001 i 

1835.7 .... 43.62 43.82 —0.20 .0400 | 
1846.. 43.95 43.70 +0.25 .0625 Probable error of a single observation = ± 8'. 

1880. 43.37 43.34 +0.03 .0009 

1890.5 .... 43.13 43.23 —0.10 .0100 

.1135 

Empirical equation for determining the inclination for any year : iS-f 43°.66 

— 0.0108 {t — 1850) — 0.000034 (t — 1850)2. 
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Lat. 6° 08/ S. BATAVIA. Long. 106° 48' E. 

Year. 
Magnetic Authority. 

clination. Observer. Where recorded. 

1768. 
O 

—40.00 Wileke’s Inclination Chart. 
1828. —25.93 Phil. Trans. Royal Society, Part II, 1877. 
1846. —27.08 Elliot. Do. 

1858. —27.58 Do. 

1876. —27.63 Van Rijckevorsel.. 
.1 
.j Magnetic Survey of the Eastern part of Brazil, 

published by the Royal Academy of Sciences, 
Amsterdam. 

1882.7 .... —28.07 Observatory.. . Magnetic and Meteorological Observations at the 
Batavian Observatory. 

1883.5 .... —27.96 Do. 

1884.5 .... —28.05 Do. 

1885.5 .... —28.17 .do..... . Do. 

1886.5 .... —28.24 .do. . Do. 

1887.5 .... —28.35 .do. . Do. 

1888.5 .... —28.42 .do. . Do. 

1889.5 .... —28.51 .do. Do. 

1890.5 .... —28.72 .do. Do. 

1891.5 .... —28.85 .do. Do. 

1892.5 .... —28.97 .do. Do. 

1893.5 .... —29.10 Do. 

1894.5 .... —29.23 .do. Do. 

Year. Observed. Computed. O-C. o=c. 

o o 
1768. —40.00 —38.97 —1.03 1.0609 

1828. —25.93 —28.20 +2.27 5.1529 

1846. —27.08 —26.73 —0.35 0.1225 

1858. —27.58 —26.48 —1.10 1.2100 

1876. —27.63 —27.25 —0.38 0.1444 

1882.7 .... —28.07 —27.86 —0.21 0.0441 

1883.5 .... —27.96 —27.95 —0.01 0.0001 

1884.5 .... —28.05 —28.06 +0.01 0.0001 

1885.5 .... —28.17 —28.17 —0.00 0.0000 Probable error of a single observation = ± 29'. 

1886.5 .... —28.24 —28.26 +0.02 0.0004 Period = 300 years. 

1887.5 —28.35 —28.41 +0.06 0.0036 

1888.5 .... —28.42 —28.52 +0.10 0.0100 

1889.5 .... —28.51 —28.65 +0.14 0.0196 

1890.5 .... —28.72 —28.79 +0.07 0.0049 

1891.5 .... —28.85 —28.92 +0.07 0.0049 

1892.5 .... —28.97 —29.06 +0.09 0.0081 

1893.5 .... —29.10 —29.19 +0.09 0.0081 

1894.5 .... —29.23 —29.33 +0.10 0.0100 

7.8046 

Empirical equation for determining the inclination for any year: I = — 36°. 19 

+ 1.40 sin 1.2 (t —1850) + 9.61 cos 1.2 (< — 1850). 
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Lat. 18° 56' N. BOMBAY. Long. 72° 54' E. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1845. 
o 

+17.98 Orlebar. Phil. Trans. Royal Society, 1875. 

1847. +18.30 

+18.87 

Do. 

1849. Cassini. Annales Hydrographiques, 1851. 

1856. +19.10 Schlagintweit. Phil. Trans. Royal Society, 1875. 

1863.... +19.22 Johnson’s Encyclopedia. 

1867.5 .... +19.03 Observatory. Phil. Trans. Royal Society, 1875. 

1868.5 .... +19.07 .do. Phil. Trans. Royal Society, 1876. 

1869.5 .... +19.10 Do. 

1870.5 .... +19.13 Do. 

1871.5 .... +19.15 ... do.. Bombay Magnetic and Meteorological Observa¬ 
tions. 

1872.5 .... +19.23 Do. 

1873.5 .... +19.25 Do. 

1874.5 .... +19.25 Do. 

1875.5 .... +19.22 Do. 

1876.5 .... +19.20 Do. 

1877.5 .... +19.33 .do. Do. 

1878.5 .... +19.33 Do. 

1879.5 .... +19.37 .do. Do. 

1880.5 .... +19.37 .do. Do. 

1881.5 .... +19.53 Do. 

1882.5 .... +19.72 .do.. Do. 

1883.5 .... +19.72 .do. Do. 

1884.5 .... +19.75 Do. 

1885.5 .... +19.77 .. do. Do. 

1886.5 .... +19.77 Do. 

1887.5 .... +19.77 .do. Do. 

1888.5 .... +20.18 .do. Do. 

1889.5 .... +20.27 Do. 

1890.5 .... +20.33 ..... ... do. Do. 

1891.5 .... +20.42 Do. 

1892.5 .... +20.50 .do... Do. 

1893.5 .... +20.58 Do. 

1894.5 .... +20.68 Do. 

45-Bull. Phil. Soc., Wash., Vol. 13. 



310 LITTLEHALES, 

BOMBAY—Continued. 

Year. Observed. Computed. o-c. o-c2. 

O o 

1845. +17.98 +18.39 —0.41 0.1681 ! 

1847. +18.30 +18.43 —0.13 0.0169 

1849. +18.87 +18.45 +0.42 0.1764 

1856.. +19.10 +18.59 +0.51 0.2601 

1863. +19.22 +18.81 +0.41 0.1681 

1867.5 .... +19.03 +18.97 +0.06 0.0036 

1868.5 .... +19.07 +19.02 +0.05 0.0025 

1869.5 .... +19.10 +19.06 +0.04 0.0016 

1870.5 .... +19.13 +19.11 +0.02 0.0004 

1871.5 .... +19.15 +19.15 +0.00 0.0000 

1872.5 .... +19.23 +19.20 +0.03 0.0009 

1873.5 .... +19.25 +19.24 +0.01 0.0001 

1874.5 .... +19.25 +19.29 —0.04 0.0016 

1875.5 .... +19.22 +19.33 —0.11 0.0121 

1876.5 .... +19.20 +19.39 —0.19 0.0361 

1877.5 .... +19.33 +19.43 —0.10 0.0100 
Probable error of a single observation = ± 8'. 

1878.5 .... +19.33 +19.48 —0.15 0.0225 
Period = 600 years. . 

1879.5 .... +19.37 +19.54 —0.17 0.0289 

1880.5 .... +19.37 +19.61 —0.24 0.0576 

1881.5 ,... +19.53 +19.66 —0.13 0.0169 

1882.5 .... +19.72 +19.73 —0.01 0.0001 

1883.5 .... +19.72 +19.77 —0.05 0.0025 

1884.5 .... +19.75 +19.84 —0.09 0.0081 

1885.5 .... +19.77 +19.91 —0.14 0.0196 

1886.5 .... +19.77 +19.96 —0.19 0.0361 

1887.5 .... +19.77 +20.02 —0.25 0.0625 

1888.5 .... +20.18 +20.09 +0.09 0.0081 

1889.5 .... +20.27 +20.15 +0.12 0.0144 

1890.5 .... , +20.33 +20.23 +0.10 0.0100 

1891.5 .... +20.42 +20.29 +0.13 0.0169 

1892.5 .... +20.50 +20.35 +0.15 0.0225 

1893.5 .... +20.58 +20.42 +0.16 0.0256 

1894.5 .... +20.68 +20.50 +0.18 0.0324 

1.2432 

Empirical equation for determining the inclination for any year: I = 30°.47 + 

1.67 sin 0.6 (t — 1850) — 12.00 cos 0.6 (t — 1850). 
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Lat. 12° 04/ S. CALLAO, PERU. Long. 77° 08' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1790 .. 

o 
—12.37 Malaspina Bode’s Astronomisches Jahrbuch, 1828. 

1823. — 8.55 Duperrey . Voyages of the Adventure and Beagle, 1826-1836, 
London, 1839. 

1835. — 7.05 Fitz Rnv..., Do. 

1838 — 6.23 Belcher. Phil. Trans. Royal Society, Part II, 1877. 

1838. — 6.82 “ Fa Venus ”. Do. 

1858. — 7.17 Friesach Do. 

I860. — 6.47 Hark ness Do. 

1893. — 5.25 Lieutenant Mottez, , Fr. N.... Annales Hydrographiques, 2d vol., 1893. 

Year. Observed. Computed. O-C. 
--2 
O-C . 

o o 
1790. —12.37 —12.17 —0.20 0.0400 1 
1823. — 8.55 — 8.34 —0.21 0.0441 

1835. — 7.05 — 7.37 +0.32 0.1024 

1838. — 6.23 — 7.16 +0.93 0.8649 

1838. — 6.82 — 7.16 +0.34 0.1156 
}- Probable error of a single observation = ± 31'. 

1858. — 7.17 — 6.12 —1.05 1.1025 

1866. — 6.47 — 5.86 —0.61 0.3721 

1893. — 5.25. — 5.75 +0.50 0.2500 

2.8916 

Empirical equation for determining the inclination for any year: I = — 6°.46 + 

0.0495 {t — 1850) — 0.00076 {t — 1850)2. 



312 LITTLEHALES. 

Lat. 33° 56' S. CAPE OF GOOD HOPE. Long. 18° 29' E. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1751. 

o 
—43.00 On the Causes of Phenomenon of Terrestrial 

Magnetism, by Wilde. 

177n —44.37 C. G. Ekeberg. Hansteen’s Magnetismus der Erde, Christiania, 
1819. 

1774 —44.48 .do. Do. 

1775. —45.32 On the Causes of Phenomenon of Terrestrial 
Magnetism, by Wilde. 

1780.. —46.77 ... Do. 

1792. —47.42 .. Do. 

1818. —50.67 .... Do. 

1836. —52.58 . Do. 

1839. —53.10 ... Do. 

1841.5 .... —53.15 Observatory. Phil. Trans. Royal Society, 1877. 

1842.5 .... —53.22 Do. 

1843.5 .... —53.32 .do. Do. 

1844.5 .... —53.60 .do. Do. 

1845.5 .. —53.53 .do. Do. 

1846.5 .... —53.55 Do. 

1847.5 .... —53.68 Do. 

1848.5 .... —53.78 Do. 

1849.5 .... —53,. 87 .do... Do. 

1850.5 —53.97 Do. 

1851.5 .... —54.03 .do.......... Do. 

1857.0 .... —54.60 Novara Expedition. Do. 

1873.9 .... —55.93 H. M. S. Challenger. Voyage of H. M* S. Challenger. 

1SSO —57.00 On the Causes of Phenomenon of Terrestrial 
Magnetism, by Wilde. 

1890.1 .... —57.25 E. I). Preston, assistant, Coast and Geodetic Survey Report, 1891. 
United States Coast and 
Geodetic Survey. 
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CAPE OF GOOD HOPE—Continued. 

Year. Observed. Computed. O-C. o=c. 

o o 
1751. —43.00 —42.93 —0.07 0.0049 

1770........ —44.37 —44.77 +0.40 0.1600 

1774. —44.48 —45.21 +0.73 0.5329 

1775. —45.32 —45.32 0.00 0.0000 

1780. —46.77 —45.87 —0.90 0.8100 

1792. —47.42 —47.28 —0.14 0.0196 

1818.. —50.67 —50.44 —0.23 0.0529 

1836. —52.58 —52.55 —0.03 0.0009 

1839. —53.10 —52.87 —0.23 0.0529 

1841.5 .... —53.15 —53.16 +0.01 0.0001 

1842.5 .... —53.22 —53.26 +0.04 0.0016 

1843.5 .... —53.32 —53.37 +0.05 0.0025 | Probable error of a single observation = ± 12.6'. 
1844.5 .... —53.60 —53.47 —0.13 0.0169 Period = 450 years. 
1845.5 .... —53.53 —53.58 +0.05 0.0025 

1846.5 .... —53.55 —53.69 +0.14 0.0196 

1847.5 .... —53.68 —53.79 +0.11 0.0121 

1848.5 .... —53.78 —53.89 +0.11 0.0121 

1849.5 .... —53.87 —53.99 +0.12 0.0144 

1850.5 .... —53.97 —54.09 +0.12 0.0144 

1851.5 .... —54.03 —54.19 +0.16 0.0256 

1857.0 .... —54.60 —54.73 +0.13 0.0169 

1873.9 .... —55.93 —56.13 +0.20 0.0400 

1880. —57.00 —56.56 -0.44 0.1936 

1890.1 .... —57.25 —57.13 —0.12 0.0144 

2.0229 

Empirical equation for determining the inclination for any year : I = — 49°. 11 

— 7.23 sin 0.8 (t — 1850) — 4.93 cos 0.8 (t — 1850). 
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Lat. 19° 26' N. CITY OF MEXICO, Long. 90° 05' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

ms. 
o 

+38.00 Don Alzate. Encyclopedia Metropolitana, 1848. 

1799... +42.17 Do. 

1856. +41.43 Midler and Sontaer Phil. Trans. Royal Society, 1875. 

1858. +41.44 Smithsonian Contributions to Knowledge, 1860. 

1879.7 .... +44.86 V. Reyes.. Memoria sobre el Dept. Magnetico, etc., Mexico, 
1880. 

1884. +45.02 M. Ramona. United States Coast and Geodetic Survey Report 
for 1885, Appendix No. 6. 

1888. +45.05 Ohaerva.torv. Mem. del Observatorio Met. Central de Mexico. 

1890 +44.05 ..flo_ Do. 

1895. +44.37 Boletin del Observatorio Astronomico Nacional 
de Tacubaya, Tomo 1, 1896. 

Year. Observed. Computed. O-C. o-c2. 

1778. 

o 
+38.00 

o 
+39.40 —1.40 1.9600 1 

1799........ +42.17 +39.74 +2.43 5.9049 

1856. +41.43 +42.66 —1.23 1.5129 

1858........ +41.44 +42.77 —1.33 1.7689 
Probable error of a single observation = ± 60'. 

1879.7 .... +44.86 +43.99 +0.87 0.7569 
Period = 300 years. 

1884. +45.02 +44.20 +0.82 0.6724 

1888'.. +45.05 +44.38 +0.67 0.4489 

1890. +44.05 +44.46 —0.41 0.1681 

1895. +44.37 +44.66 —0.29 ■ 0.0841 J 

13.2771 

Empirical equation for determining the inclination for any year: I = 42°.32 + 

2.92 sin 1.2 (< — 1850) — 0.04 cos 1.2 (t — 1850). 



CHANGE IN DIRECTION OF EARTH S MAGNETIC FIELD, 315 

Lat. 36° 42' S. CONCEPCION. Long. 73° 07/ W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1710.. . 

1768.. . 

1794.. . 

1823.. . 

1827.. . 

1829.. . 

1835.. . 

1882.7 

1893.2 

o 

—55.50 

—55.50 

—52.18 

—44.70 

—45.55 

—45.18 

—43.25 

—37.97 

—36.67 

Feuill6e..... 

Malaspina.. 

Duperrey ... 

Liitke. 

King. 

Fitz Roy... 

Lieutenants Barnaud and 
Barnadieres, Fr. N. 

Lieut. Mottez, Fr. N. 

Hansteen’s Magnetismus der Erde, Christiania, 
1819. 

Wilcke’s Magnetic Chart. 

Berliner Astronomisches Jahrbuch, 1828. 

Phil. Trans. Royal Society, 1877. 

Do. 

Do. 

Do. 

Annales Hydrographiques, 1884. 

Annales Hydrographiques, vol. II, 1893. 

_2 
Year. Observed. Computed. O-C. O-C. 

o o 
1710. —55.50 —56.01 +0.51 0.2601 1 
1768........ —55.50 —54.73 —0.77 0.5929 

1794. —52.18 —51.12 —1.06 1.1236 

1823. 

1827.. 

—44.70 —46.17 +1.47 2.1609 
Probable error of a single observation == ± 38'. 

—45.55 —45.49 —0.06 0.0036 

1829. 
Period = 400 years. 

—45.18 —45.15 —0.03 0.0009 

1835... —43.25 —44.10 +0.85 0.7225 

1882.7 .... —37.97 —37.32 —0.65 0.4225 

1893.2 .... —36.67 t—36.38 —0.29 0.0841 

5.3711 

Empirical equation for determining the inclination for any year: I 

+ 10.05 sin 0.9 (t — 1850) + 4.80 cos 0.9 (t — 1850). 

46°.42 



316 LITTLEHALES. 

Lat. 29° 57' S. COQUIMBO. Long. 71° 22' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1710. 
o 

—47.42 Femll6e. Ilansteen’s Magnetismus der Erde, 1819. 

1791 . —40.45 Mfilasnirm. Berliner Astronomisches Jahrbuch, 1828. 

1868. —29.92 IT. M. S. Nassau. Phil. Trans. Royal Society, 1877. 

1883. —29.40 Ensign Favereau,! Fr. N. Annales Hydrographiques, 2d series, 1884. 

Year. Observed. Computed. O-C. 
~l-2 
O-C . 

1710. 
o 

—47.42 
o 

—47.43 +0.01 0.0001 , 

1791. —40.45 —40.46 +0.01 0.0001 I Probable error of a single observation = ± 3'. 
1868.. —29.92 —29.87 —0.05 0.0025 | Period = 327 years. 
1883. —29.40 —29.45 +0.05 0.0025 J 

0.0052 

Empirical equation for determining the inclination for any year: I = — 38°.53 

+ 5.51 sin 1.1 (< — 1850) + 7.22 cos 1.1 {t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 317 

Lat. 38° 32/ N. FAYAL, AZOKES. Long. 28° 33' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1767*. 

o 
72.00 C. G. Ekeberg. Hansteen’s Magnetismus der Erde, 1819. 

1775.5 .... 71.02 Cook............. Coast and Geodetic Survey Report for 1891. 

1S05.5 .... 67.20 Von Humboldt. Beitrage zur Kenntniss des Wesens der Sacular 
Variation des Erdmagnetismus, von L. A, 
Bauer. 

1831.5 .... 68.57 Austin, Foster. Do. 

1850.. 65.88 Rattlesnake. Do. 

1873.5 .... 64.95 H. M. S. Challenger... Do. 

1880.7 .... 63.64 Thorpe.... Do. 

1889.8 .... 64.23 E. D. Preston, assistant, 
United States Coast and 
Geodetic Survey. 

Coast and Geodetic Survey Report for 1891. 

\ 

Year. Observed. Computed. O-C. o-c2. 

o o 
1767*.. 72.00 70.93 +1.07 1.1449 

1775.5.... 71.02 70.51 +0.51 0.2601 

1805.5 .... 67.20 68.75 —1.55 2.4025 

1831.5 .... 68.57 67.11 +1.46 2.1316 

1850.. 65.88 65.93 —0.05 0.0025 

1873.5 .... 64.95 64.69 + 0.26 0.0676 

1880.7 .... 63.64 64.35 —0.71 0.5041 

1889.8 .... 64.23 63.96 +0.27 0.0729 

5.4413 

Probable error of a single observation = ± 47' 

Period = 450 years. 

* Omitted. 

Empirical equation for determining the inclination for any year: I == 67°.80 — 

4.87 sin [0.75 {t — 1850) + 22.1]. 

This equation was deduced by Dr. L. A. Bauer with the above data. 

46—Bull. Phil. Soe., Wash., Vol. 13. 



318 LITTLEHALES. 

Lat. 23° 09' N. HABANA. Long. 82° 22/ W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

o 

1801. +53.37 

1822. +51.92 

1857... +52.00 

1879........ +52.30 

1885.9 .... +52.33 

1887.3 .... +52.17 

Authority. 

Observer. Where recorded. 

A. von Humboldt. 

Sabine.. 

Friesach. 

Lieut. Commander Ackley, 
U. S. N. 

Lieut. Aubry, Fr. N. 

Becquerel’s Traite du Magn6tisme, 1846. 

Phil. Trans. Royal Society, Part I, 1875. 

Do. 

Report of Coast and Geodetic Survey, 1881. 

Observaciones Magneticas y Meteorologicas del 
Real Colegio de Belen, 1876. 

Annales Hydrographiques, vol. II, 1888. 

_2 
Year. Observed. Computed. O-C. O-C . 

o o 

1801. +53.37 +53.36 +0.01 0.0001 1 
1822. +51.92 +52.35 —0.43 0.1849 

1857. +52.00 +51.74 +0.26 0.0676 

1879.. +52.30 +52.03 +0.27 0.0729 •Probable error of a single observation — ± 14'. 

1885.9 .... +52.33 +52.26 +0.07 0.0049 

1887.3 .... +52.17 +52.30 —0.13 0.0169 

0.3473 

Empirical equation for determining the inclination for any year: I == 51°.76 
0.0058 {t — 1850) + 0.00055 {t — 1850)2. 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 319 

Lat. 22° 16" N. HONGKONG. Long. 114° 10' E. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1791. 
o 

+27.92 

+29.95 

Bode’s Astronomisches Jahrbueh, 1828. 

1827. Beechey . Phil. Trans. Royal Society, Part I, 1875. 

1837. +30.53 

+30.05 

Do. 

1841.1 .... Observatory. Observations and Researches at the Hongkong 
Observatory, 1885. (See Appendix A.) 

1843. +30.05 

+30.83 

Phil. Trans. Royal Society, Part I, 1875. 

Observations and Researches at the Hongkong 
Observatory, 1885. (See Appendix A.) 

1843.8 .... Observatory. 

1851. +29.67 

+31.13 

Collinson. Phil. Trans. Royal Society, Part I, 1875. 

Do. 1858. Novara Expedition. 

1858.1 .... +31.10 Observatory. Observations and Researches at the Hongkong 
Observatory, 1885. (See Appendix A.) 

1872.3 .... +32.30 Shadwell. Phil. Trans. Royal Society, Part I, 1877. 

1873.3 .... +32.33 Do. 

1874.3 .... +32.29 Do. 
1875. +32.34 H. M. S. Challenger. Voyage of H. M. S. Challenger. 
1875. +32.30 

+31.95 

.do. Do. 

Erganzungsheft No. 77 zu Petermann’s Mitthei- 
lungen, Band XVIII, 1884-’85. 

1875.7 .... Fritsche. 

1884.5 .... +32.45 Observatory.. Observations and Researches at the Hongkong 
Observatory, W. Doberck, director. 

1885.5 .... +32.44 Do. 
1886.5 .... +32.43 .do. Do. 
1887.5.... +32.37 Do. 
1888.5 .... +32.35 Do. 
1889.5 .... +32.28 .do. Do. 
1890.2 .... +32.17 .do. Do. 
1891.3 .... +32.40 Lieut. De Roujon, Fr. N. Annales Hydrographiques, 2nd series, 1st vol., 

1892. 
1891.8 .... +32.08 Observatory. Observations and Researches at the Hongkong 

Observatory, W. Doberck, director. 

1892.5 .... +32.05 . do. Do. 

1893.5 .... +31.95 Do. 

1894.5 .... +31.88 ......... do. Do. 



320 LITTLEHALES. 

HONGKONG—Continued. 

2 
Year. Observed. Computed. O-C. Ov-C. 

O o 

1791. +27.92 +26.99 +0.93 0.8649 1 
1827. +29.97 +29.89 +0.08 0.0064 

1837. +30.53 + 30.18 +0.35 0.1225 

1841.1 .... +30.05 +30.44 —0.39 0.1521 

1843. +30.05 +30.58 —0.53 0.2809 

1843.8 .... +30.83 +30.59 +0.24 0.0625 

1851. +29.67 +30.99 —1.32 1.7689 

1858. +31.13 +31.34 —0.21 0.0441 

1858.1 .... +31.10 +31.35 —0.25 0.0625 

1872.3 .... +32.30 +31.91 +0.39 0.1521 

1873.3 .... +32.33 +31.91 +0.42 0.1764 

1874.3 .... +32.29 +31.98 +0.31 0.0961 

1875. +32.34 +32.00 +0.34 0.1156 
Probable error of a single observation = ± 18'. 

1875. 

1875.7 .... 

+32.30 +32.00 +0.30 0.0900 
Period = 400 yeai's. 

+31.95 +32.02 —0.07 0.0049 

1884.5 .... +32.45 +32.23 +0.22 0.0484 

1885.5 .... +32.44 +32.26 +0.18 0.0324 

1886.5 .... +32.43 +32.27 +0.16 0.0256 

1887.5 .... +32.37 +32.29 +0.08 0.0064 

1888.5 .... +32.35 +32.31 +0.04 0.0016 

1889.5 .... +32.28 +32.32 —0.04 0.0016 

1890.2 .... +32.17 +32.34 —0.17 0.0289 

1891.3 .... +32.40 +32.35 +0.05 0.0025 

1891.8 .... +32.08 +32.35 —0.27 0.0729 

1892.5 .... +32.05 +32.36 —0.31 0.0961 

1893.5 .... +31.95 +32.37 —0.42 0.1764 

1894.5 .... +31.88 +32.38 —0.50 0.2500 

4.7427 

Empirical equation for determining the inclination for any year: I = 27°.82 -(- 

3.38 sin 0.9 (< — 1850) + 3.12 cos 0.9 (t — 1850). 



CHANGE IN DIRECTION OP EARTH’S MAGNETIC FIELD. 321 

Lat. 21° 18' N. HONOLULU. Long. 157° 52' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1830. 
o 
41.70 Tlnnirlas .. Phil. Trans. Rova.l Sneietv. Part T. 1875. 

18 3fi. . 42.10 <s Bonite ” Do. 

1837.. 41.60 Rfifip.besv .. Do. 

1838. 41.30 Belcher... Do. 

1852.5 .... 41.18 Swedish Magnetic Survey... Annalen der Hydrographie, 1877. 

1875,5 .... 39.78 H. M. S. Challenger. Voyage of H. M. S. Challenger. 

1890.6 .... 40.53 Lieutenant Courmes, Fr. N.. Annales Hydrographiques, 2d vol., 1892. 

1892.5 .... 40.70 E. D. Preston, assistant, Report of United States Coast and Geodetic Sur¬ 
United States Coast and vey, Part II, 1893. 
Geodetic Survey. 

Year. Observed. Computed. O-C. 
-2 
O-C . 

1830. 
o 

+41.70 
o 

+42.10 —0.40 0.1600 

1836.. +42.10 +41.65 +0.45 0.2025 

1837... +41.60 +41.59 +0.01 0.0001 

1838.. +41.30 +41.51 —0.21 0.0441 

1852.5 .... +41.18 +40.74 +0.44 0.1936 ■ Probable error of a single observation == ± 17'. 

1875.5 .... +39.78 +40.28 —0.50 0.2500 

1890.6 .... +40.53 +40.50 +0.03 0.0009 

1892.5 .... +40.7Q +40.55 +0.15 0.0225 

0.8737 

Empirical equation for determining the inclination for any year: I = 40°.31 — 

0.0093 (t — 1870) + 0.00089 (< — 1870)2. 



322 LITTLEHALES. 

Lat. 24° 38' N. MAGDALENA BAY. Long. 112° 07' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1837. 
o 

+50.72 

+48.53 

Do Petit Thenars.. Phil. Trans. Royal Society, 1875. 

Smithsonian Contributions to Knowledge, No. 
239, 1873. 

1866.5 .... Harkness 

1873.2 .... +48.15 W.Eimbeck,assistant,Coast 
and Geodetic Survey. 

Coast and Geodesic Survey Report for 1881. 

1881.2 .... +48.32 Lieut. Commander H. E. 
Nichols, U. S. N. 

I)o. 

1895.2 .... +48.52 Lieut. F. 
U. S. N. 

M. Bostwick, Hydrographic Office archives document. 

Year. Observed. Computed. O-C. 
-2 
O-C . 

1837. 
o 

+50.72 
o 

+50.71 +0.01 0.0001 1 ! 
1866.5 .... +48.53 +48.46 +0.07 0.0049 

1873.2 .... +48.15 +48.28 —0.13 0.0169 • Probable error of a single observation = ± 5'. 

1881.2 .... +48.32 +48.23 +0.09 0.0081 

1895.2 .... +48.52 +48.54 —0.02 0.0004 

0.0304 

Empirical equation for determining the inclination for any year: I = 48°.26 — 

0.0135 (t — 1875) + 0.00135 (t — 1875)2, 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 323 

Lat. 14° 36' N. MANILA. Long. 120° 58' E. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1766. 
O 

+11.68 Han steen’s Magnetism us der Erde. Christiania. 
1819. 

1786. +11.08 Do. 

1792.6 .... +10.67 Malaspina Berliner Astronomisches Jahrbuch, 1828. 

1829. +16.27 Phil. Trans. Roval Societv. 1875. 

1836. +16.50 Do. 

1840. +16.45 El Magnetismo Terrestre en Filipinas, 1893. 

1844. +16.43 Phil. Trans. Roval Societv. 1875. 

1853.... +15.58 Annalen der Hydrographie, 1877. 

1874... +17.98 T+ M. S. Oh all on e'er.. Vovaa:e of H. M. S. Challenger. 

1887.5 .... +17.47 Observatory.. El Magnetismo Terrestre en Filipinas, 1893. 

1889.5 .... +17.38 Do. 

1890.5 .... +17.37 Do. 

1891.5 .... +17.27 .do. Do. 

1891.9 .... +17.23 H. M. S. Penguin... Phil. Trans. Royal Society, 1896, A. 

1892.5 .... +17.18 Observatory. El Magnetismo Terrestre en Filipinas, 1893. 

Year. Observed. Computed. O-C. o-c2. 

1766. 
o 

+11.68 
o 

+10.19 +1.49 2.2201 

1786. +11.08 +11.83 —0.75 0.5625 

1792.6 .... + 10.67 +12.40 —1.73 2.9929 

1829. +16.27 +15.35 +0.92 0.8464 

1836........ +16.50 +15.82 +0.68 0.4624 

1840.. +16.45 +16.06 +0.39 0.1521 

1844.: +16.43 +16.29 +0.14 0.0196 
Probable error of a single observation = ± 35'. 

1853. +15.58 , +16.75 —1.17 1.3689 
Period = 360 years. 

1874. +17.98 •+17.37 +0.61 0.3721 

1887.5 .... +17.47 +17.42 +0.05 0.0025 

1889.5 .... +17.38 +17.40 —0.02 0.0004 

1890.5 .... +17.37 +17.39 —0.02 0.0004 

1891.5 .... +17.27 +17.39 —0.12 0.0144 

1891.9 .... +17.23 +17.38 —0.15 0.0225 

1892.5 .... +17.18 +17.37 —0.19 0.0361 1 

9.0733 

Empirical equation for determining the inclination for any year: I = 12°.49 -f 

2.74 sin (l — 1850) + 4.11 cos {t —1850). 



324 LITTLEHALES, 

Lat. 34° 54' S. MONTEVIDEO. Long. 56° 12' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1790. 
o 

—42.22 Berliner Astronomisch.es Jahrbuch, 1828. 

1827..../... —36.47 Phil. Trans. Royal Society, Part II, 1877. 

1 833. — 34 85 Do. 

1836. —34.83 “ Bonite ” Do. 

^ 838. 34- 05 Do. 

1852. —32.12 Mfl.cra.fi .. Do. 

1866. —31.10 Hfl.rknfiss Do. 

1867. —31.03 H. M. S. Nassau... Do. 

1876.2.... —29.81 H. M. S. Challenger..... . Voyage of H. M. S. Challenger. 

1882.7 .... —29.33 Lieutenants Barnaud and Annales Hydrographiques, 1884. 
Barnardi&res, Fr. N. 

1893.4 .... —28.13 Lieutenant Mottez , Fr. N.... Annales Hydrographiques, vol. II, 1893. 

1895.9 .... —28.30 Lieutenant Schwerer, Fr.N. Annales Hydrographiques, 1896. 

Year. Observed. Computed. O-C. o-c2. 

1790. 
o 

—42.22 
o 

—42.22 +0.00 0.0000 

1827.... —36.47 —35.94 —0.53 0.2809 

1833. —34.85 —35.06 +0.21 0.0441 

1836. —34.83 —34.64 —0.19 0.0361 

1838. —34.05 —34.36 +0.31 0.0961 

1852. —32.12 —32.53 +0.41 0.1681 

1866. —31.10 —30.92 —0.18 0.0324 -Probable error of a single observation = ± 12'. 

1867. —31.03 —30.82 —0.21 0.0441 

1876.2 .... —29.81 —29.88 +0.07 0.0049 

1882.7 .... —29.33 —29.27 —0.06 0.0036 

1893.4 .... —28.13 —28.38 +0.25 0.0625 

1895.9 .... —28.30 —28.14 —0.16 0.0256 

0.7984 

Empirical equation for determining the inclination for any year: I = — 32°.78 

+ 0.125 (t — 1850) — 0.00054 (t — 1850)2. 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 325 

Lat. 5° Oy S. PAITA, PERU. Long. 81° 05.5' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1 R-2?. 

o 

+4.02 
J4.ll, Duperrey .... BecquerePs Trait6 du l^agnetisme, 1846. 

J3.93, Duperrey .... Phil. Trans. Royal Society, 1877. 

1832. +4.67 "Rrmssins’fl.nlt_ Do. 

1836. +4.42 “ La, Rnnit.fi ” . Do. 

1838. +4.53 “ La, Vfinns ”. Do. 

1866. +4.97 TTarlrnfiss Do. 

1893.9 .... +6.07 Lieutenant Mottez, Fr. N... Annales Hydrographiques, vol. 1, 1893. 

Year. Observed. Computed. O-C. 
-2 
0-0 . 

o 0 

1823. +4.02 +4.22 —0.20 0.0400 

1832. +4.67 +4.38 +0.29 0.0841 

1836. +4.42 +4.45 —0.03 0.0009 

1838.. +4.53 +4.50 +0.03 0.0009 
■ Probable error of a single observation = ± 14'. 

1866. +4.97 +5.14 —0.17 0.0289 

1893.9 .... +6.07 +5.99 +0.08 0.0064 

0.1612 

Empirical equation for determining the inclination for any year: I = 4°.75-f- 

0.0231 (t — 1850) + 0.000119 (t — 1850)2. 

47—Bull. Phil. Soc., Wash., Vol. 13. 



326 LITTLE HALES. 

Lat. 8° 57' N. PANAMA. Long. 79° 32' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1790. 

o 
+29.48 Malaspina Bode’s Astronomisches Jahrbuch, 1828. 

1837 .. +31.87 F R'feleher.. Phil. Trans. Royal Society, 1843. 

1849. +32.00 Emorv . Phil. Trans. Royal Society, Part I, 1875. 

1858. +32.50 R W H:nV ... Phil. Trans. Royal Society, 1864. 

I860. +31.93 Harkness Smithsonian Contributions to Knowledge, No. 
239, 1873. 

1891.4 .... +31.32 Lieutenant Oourmes, Fr. N.. Annales Hydrographiques, 1892. 

Y ear. Observed. Computed. O-C. o-c2. 

1790. 
o 

+29.48 
o 

+29.43 +0.05 0.0025 1 
1837. +31.87 +31.90 —0.03 0.0009 

1849. +32.00 +32.08 —0.08 0.0064 

1858. +32.50 +32.11 +0.22 0.0484 -Probable error of a single observation == ± 6'. 

1866. +31.93 +32.04 —0.11 0.0121 

1891.4 .... +31.32 +31.34 —0.02 0.0004 

0.0707 

Empirical equation for determining the inclination for any year: I — 32°.09-f 

0.0071 (t — 1850) — 0.00061 {t — 1850)2. 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 327 

Lat. 8° 03/ S. PERNAMBUCO. Long. 34° 52/ W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1708 ... 
o 

+10.00 

+13.22 

+13.15 

+12.13 

+ 8.95 

+ 8.00 

Wilcke’s Inclination Chart. 

Phil. Trans. Royal Society, Part II, 1877. 

Do. 

Do. 

Magnetic Survey of Eastern part of Brazil, pub¬ 
lished by Royal Academy of Sciences, Amster¬ 
dam, 1890. 

Annales Hydrographiques, 1896. 

1830. Fitz Roy. 

1839. Sulivan. 

1865. Harkness. 

1881.5 .... 

1896. 

Van Rijckevorsel. 

Year. Observed. Computed. O-C. 0-C°. 

o o 
1768. +10.00 + 9.66 +0.34 0.1156 

1836. +13.22 +13.37 —0.15 0.0225 

1839. +13.15 +13.26 —0.11 0.0121 

1865. +12.13 +11.49 +0.64 0.4096 

1881.5 .... + 8.95 + 9.66 —0.71 0.5041 

1896. + 8.00 + 7.76 +0.24 0.0576 

1.1215 

Probable error of a single observation — ±25 

Period = 300 years. 

Empirical equation for determining the inclination for any year : I — 5°.27 

3.70 sin (t — 1850) + 7.42 cos (t — 1850). 



328 LITTLEHALES. 

Lat. 53° 01/ N. PETKOPAVLOVSK. Long. 158° 43' E. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1779.7 .... 

o 

( +63.08 J. King. Voyage to the Pacific, 1784. 

1804.7 .... +63.53 A. J. von Krusenstern. Coast and Geodetic Survey Report for 1885, Ap- 
pendix No. 6. 

1827.6 .... +64.03 F. W. Beechey. Voyage to the Pacific, 1825-28, London, 1831. 

1827.8 .... +64.12 F. P. Liitke. Memoires, St. Petersburg Acad., 1838. 

1829.8 .... +63.82 Ad. Erman. Reise ura die Erde, Berlin, 1835. 

1837.7 .... +64.08 Du Petit Thouars. Voyage autour du Monde, Paris, 1843. 

1854.6 .... +64.78 Frigate Aurora. 

1876.5 .... +64.23 M. L. Onazevich.... Magnetic Observations obtained in 1890 in the 
East Siberian Sea provinces by E. Schtelling. 

1890. +64.48 E. Schtelling_ Do. 

Year. Observed. Computed. O-C. o^c2. 

1779.7 .... 

o 

+63.08 
o 

+63.17' —0.09 0.0081 1 
1804.7 .... +63.53 +63.59 —0.06 0.0036 

L827.6 .... +64.03 +63.97 +0.06 0.0036 

1827.8 .... +64.12 +63.98 +0.14 0.0196 
Probable error of a single observation = ± 10'. 

1829.8 .... +63.82 +64.00 —0.18 0.0324 
Period -= 360 years. 

1837.7 .... +64.08 +64.12 —0.04 0.0016 

1854.6 .... +64.78 +64.33 +0.45 0.2025 

1876.5 .... +64.23 +64.49 —0.26 0.0676 

1890.0 .... +64.48 +64.53 —0.05 0.0025 

0.3415 

Empirical equation for determining the inclination for any year: I = 63°.54 + 

0.66 sin (t — 1850) + 0.74 cos (t — 1850). 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 329 

Lat. 53° 10' S. PUNTA ARENAS. Long. 70° 54' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1760. 

o 

*—65.00 Cook. Hansteen’s Maernetismus der Frde. 1819. 

1769.. . *—68.85 .do. Do. 

1852. —57.42 “ T/'Flno-Anip. ” . ... Annalen der Hydrographie, 1877. 

1866. —54.95 TTarknoss Smithsonian Contributions to Knowledge, 1873. 

1876. —53.06 H. M. S. Challenger. Voyage of H. M. S. Challenger. 

1883. —52.77 Brazilian Transit of Venus Ann. de l’Obs. Imp. de Rio de Janeiro. 
Commission.. 

1893.3 .... —51.33 Lieutenant Mottez, Fr. N.... Annales Hydrographiques, 2d vol., 1893. 

Year. Observed. Computed. O-C. O-C . 

1760. 

o 

—65.00 
o 

—66.87 +1.87 3.4969 

1769. —68.85 —66.77 —2.08 4.3264 

1852. —57.42 —57.56 +0.14 0.0196 
Probable error of a single observation = ± 59'. 

1866. —54.95 —55.22 +0.27 0.0729 
Period = 400 years. 

1876. -53.06 —53.58 +0.52 0.2704 

1883. —52.77 —52.47 —0.30 0.0900 

1893.3 .... —51.33 —50.91 —0.42 0.1764 

8.4526 

* Observed at Good Success Bay, Tierra del Fuego. 

Empirical equation for determining the inclination for any year: I - — 56°.23 

+ 10.51 sin 0.9 (t — 1850) — 1.66 cos 0.9 {t — 1850). 



330 LITTLEHALES. 

Lat. 22° 54/ S. RIO DE JANEIRO. Long. 43° 10' W. 

Year. 
Magnetic dip 

or inclina¬ 
tion. 

Authority. 

Observer. Where recorded. 

1817. 
O 

—14.70 Becquerel’s Traite du Magnetisme, 1846. 
1890 —14.72 Do. 

1821 ... —15.43 Do. 

1826. —14.07 Phil. Trans. Royal Society, 1877. 

1827. —14.58 Lutke.. Do. 
1880. —13.58 Erman. Do. 
1832. —13.62 Fitz Roy... Do. 
1836. —12.90 Beechey. Do. 
1837. —13.32 Du Petit Thouars. Do. 

r 13.00 Sulivan. Do. 
, 13.02 .do. Do. 

1838.. —13.40 ^ r 
j 13.93 .do. Do. 
1.13.62 .do. Do. 

1839. —13 12 -f 1^*^ Do. 
i 13.16 .do. Do. 

1847. —12.28 “ Rattlesnake ”. Do. 
1852. —12.62 “ L’Eugenia ”. Swedish Magnetic Survey. 

1857. —11.80 Novara Expedition. Phil. Trans. Royal Society, 1877.* 
1866. —11.78 Harkness . Do. 
1881. —12.13 Van Rijckevorsel. Magnetic Survey of Eastern Part of Brazil. 

1882.7 .... —12.00 Lieutenants Barnaud Annales Hydrographiques, 1884. 
and Barnadieres, Fr.N. 

1887.8 .... —11.58 Lieut. Roujon, Fr. N. Annales Hydrographiques, 1888. 
1896. —12.92 Lieut. Schvverer, Fr. N.. Annales Hydrographiques, 1896. 

Year. Observed. Computed. O-C. 
-2 
O-C . 

o o 

1817. —14.70 —15.30 +0.00 0.3600 
1820. — 14.72 —14.89 + 0.17 0.0289 
1821. —15.43 —14.87 —0.56 0.3136 
1826. —14.07 —14.21 +0.14 0.0196 
1827. —14.58 —14.10 —0.48 0.2304 

■1830. —13.58 —13.79 +0.21 0.0441 
1832. —13.62 —13.59 —0.03 0.0009 
1830.. —12.90 —13.24 +0.34 0.1156 
1837. —13.32 —13.15 —0.17 0.0289 
1838. —13.40 —13.07 —0.33 0.1089 •Probable error of a single observation — ± 14'. 

1839. —13.12 —12.99 —0.13 1 0.0169 
1847. —12.28 —12.46 +0.18 0.0324 
1852. —12.62 —12.20 —0.42 0.1764 

1857. —11.80 —12.01 +0.21 0.0441 
1866. —11.78 —11.83 +0.05 0.0025 

1881. —12.13 —11.97 —0.16 0.0256 
1882.7 .... —12.00 —12.02 +0.02 0.0004 
1887.8 .... —11.58 —12.23 +0.65 0.4225 
1896. —12.92 —12.68 ' —0.24 0.0576 

2.0293 

Empirical equation for determining the inclination for any year: I = — 11°.81 

— 0.0009 (t — 1870) — 0.00126 (t — 1870)2. 
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Lat. 31° 15' N. SHANGHAI. Long. 121° 29/ E. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1843........ 

O 
+44.75 Sir E. Home. Report for 1876 of the Zi-Ka-Wei Observatory. 

1858. +45.35 Novara expedition . Phil. Trans. Royal Society, Part I, 1875. 
1872.3 .... +46.24 Shadvvell. Phil. Trans. Royal Society, Part I, 1877. 
1873.3 .... +46.32 .do..... Do. 
1875.5 .... +46.26 Jesuit missionaries.. Le Magnetisme Terrestre a Zi-Ka-Wei, Chine, 

par Marc Dechevrens, S. J., Directeur de 
TObservatoire. 

1876.5 V... +46.23 .do. . Do. 
1877.5 .... +46.23 ..do. . Do. 
1878.5 .... +46.22 .do. . Do. 
1879.5 .... +46.25 .do. Do. 
1880.5 .... +46.27 .do. . . Do. 
1881.5 .... +46.28 .. do. . Do. 
1882.5 .... +46.30 .do. . Do. 
1883.5 .... +46.30 .do. . Do. 
18S4.5 .... +46.32 . . Do. 
1885.5 .... +46.30 .do. Do. 
188G.5 .... +46.28 .do. . . Do. 
1887.5 .... +46.27 .do. . . Do. 
1888.5 .... +46.23 Do. 
1889.5 .... +46.25 . Do. 
1890.5 .... +46.19 .do. .. . Do. 
1891.5 .... +46.10 .do. . Do. 
1892.5 .... +46.12 .do. . Do. 
1893.5 .... +45.99 .do. Do. 
1894.5 .... +46.01 . Do. 

Year. Observed. Computed. O-C. o^c2. 

1843. 
o 

+44.75 
o 

+44.63 +0.12 0.0144 
1858. +45.35 +45.67 —0.32 0.1024 
1872.3 .... +46.24 +46.18 +0.06 0.0036 
1873.3 .... +46.32 +46.20 +0.12 0.0144 
1875.5 .... +46.26 +46.24 +0.02 0.0004 
1876.5 .... +46.23 +46.24 —0.01 0.0001 
1877.5 .... +46.23 +46.26 —0.03 0.0009 
1878.5 .... +46.22 +46.26 —0.04 0.0016 
1879.5 .... +46.25 +46.27 —0.02 0.0004 
1880.5 .... +46.27 +46.27 +0.00 0.0000 • 
1881.5 .... +46.28 +46.27 +0.01 0.0001 
1882.5 .... +46.30 +46.27 +0.03 0.0009 
1883.5 .... +46.30 +46.27 +0.03 . 0.0009 •Probable error of a single observation = ± 2'.4. 

1884.5 .... +46.32 +46.25 +0.07 0.0049 
1885.5 .... +46.30 * +46.25 +0.05 0.0025 
1886.5 .... +46.28 +46.24 +0.04 0.0016 
1887.5 .... +46.27 +46.23 +0.04 0.0016 
1888.5 .... +46.23 +46.21 +0.02 0.0004 
1889.5.... +46.25 +46.19 +0.06 0.0036 
1890.5 .... +46.19 +46.17 +0.02 0.0004 
1891.5 .... +46.10 +46.15 —0.05 0.0025 
1892.5 .... +46.12 +46.12 +0.00 0.0000 
1893.5 .... +45.99 +46.10 —0.11 0.0121 
1894.5 .... +46.01 +46.07 —0.06 0.0036 

0.0733 

Empirical equation for determining the inclination for any year: I = 46°. 13 -f- 
0.0251 (t — 1870) — 0.00112 {t — 1870)2. 



332 LITTLEHALES. 

Lat. 1° 18' N. SINGAPORE. Long. 103° 51' E. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1837. 
o 

—12.48 Phil. Trans. Royal Society, 1875. 

1841. —12.72 Cant. C. M. Bilint.. Magnetic Observations at Singapore. 

1842 —12.70 Do. 

1843 —12.68 Do. 

1844 —12.65 Do. 

1845.2 .... —12.70 Do. 

1846. —12.92 .do. Phil. Trans. Royal Society, 1875. 

1848. —12.97 Magnetic Observations at Singapore. 

1853 —13.20 “ T.’Bno-p.nip. ” ... Annalen der Hydrographie, 1877. 

1874.2 .... —13.25 Shadwell.., Phil. Trans. Royal Society, 1877. 

1875.1 .... —13.33 .do.. Do. 

1876^.. —13.11 Van Riiekpvnrspl.. Trans. Royal Academv of Sciences, Amsterdam, 
1880. 

1890.5 .... —14.45 “ Dubourdieu ”. Letter from British Hydrographer, dated Decem¬ 
ber 13, 1896. 

Year. Observed. Computed. O-C. o-c2. 

1837. 

o 
—12.48 

o 

—12.74 -1-0.26 0.0676 

1841. —12.72 —12.73 +0.01 0.0001 

1842. —12.70 —12.73 +0.03 0.0009 

1843. —12.68 —12.73 +0.05 0.0025 

1844. —12.65 —12.73 +0.08 0.0064 

1845.2 .... —12.70 —12.74 +0.04 0.0016 

1846. —12.92 —12.75 —0.17 0.0289 ■ Probable error of a single observation = ± 9'. 

1848. —12.97 —12.76 —0.21 0.0441 

1853. —13.20 —12.82 —0.38 0.1444 

1874.2 .... —13.25 —13.40 +0.15 0.0225 

1875.1 .... —13.33 —13.43 +0.10 0.0100 

1876. —13.11 —13.47 +0.36 0.1296 

1890.5 .... —14.45 —14.19 —0.26 0.0676 . 

0.5261 

Empirical equation for determining the inclination for any year: I — — 12°.78 

— 0.0111 {t — 1850) — 0.000587 (« — 1850)2. 



CHANGE IN DIRECTION OF EARTH’S MAGNETIC FIELD. 333 

Lat. 15° 55/ S. ST. HELENA. Long. 5° W W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1754 ... 
0 

— 9 00 Hansteen’s Magnetismus der Erde, 1819. 

1771 —13 on f! d F,kftbftr£r.. Do. 

1825. —15.00 
( —15.05, Duperrey Becquerel’s Traits du Magnetisme, 1846. 

[—14.94 .... On the Causes of Phenomenon of Terrestrial 
Magnetism, by Wilde. 

1835. —18.00 Do. 

1840 —21.25 Phil. Trans. Royal Society, 1877. 

1841. —21.43 Do. 

1842. —21.42 .do. Do. 

1843. —21.75 Do. 

1844 —21.93 .. do. Do. 

1845 ... —21.92 .do. Do. 

1846.. —22.23 .do. Do. 

1847. —22.62 .do. Do. 

1848. —22.82 .do. Do. 

1890.1 .... —31.18 E. D. Preston, assistant, Coast and Geodetic Survey Report for 1891. 
United States Coast and 
Geodetic Survey. 

Year. Observed. Computed. O-C. 
-2 
O-C. 

0 0 

1754. — 9.00 —10.17 +1.17 1.3689 

1771. —13.00 —10.90 —2.10 4.4100 

1825. —15.00 —17.60 +2.60 6.7600 

1835. —18.00 —19.46 +1.46 2.1316 

1840. —21.25 —20.44 —0.81 0.6561 

1841. —21.43 —20.65 —0.78 0.6084 

1842. —21.42 —20.85 —0.57 0.3249 Probable error of a single observation = ± 53'. 
1843. —21.75 —21.06 —0.69 0.4761 Period = 600 years. 
1844. —21.93 —21.26 —0.67 0.4489 

1845. —21.92 —21.47 —0.45 0.2025 

1846. —22.23 —21.67 —0.56 0.3136 

1847. —22.62 —21.90 —0.72 0.5184 

1848.. —22.82 —22.12 —0.70 0.4900 

1890.1 .... —31.18 —31.34 +0.16 0.0256 

18.7350 

Empirical equation for determining the inclination for any year: I == — 32°.95 

— 20.37 sin 0.6 (t — 1850) + 10.43 cos 0.6 {t — 1850). 

48—Bull. Phil. Soc., Wash., Vol. 13. 



334 LITTLEHALES. 

Lat. 33° 52' 8. SYDNEY. Long. 151° 12' E. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1793.2 .... 
o 

—60.01 Malaspina. Bode’s Astronomisches Jahrbuch, 1828. 

1824. —62.31 Duperrey. Phil. Trans. Royal Society, Part II, 1877. 

f—62.88. Bethane. 1831. Do. 
1831. —62.86 < 

—62.85, Dunlop, 1831. Do. 

f—62.82, Fitz Roy, 1836. Do. 

1837. —62.82 -j —62.80, Anonymous, 1837... Do. 

[—62.85, Wickham 1838. Do. 

f r—62.98, H.M.S. Terror, 1841. Do. 

—62.80. H.M.S. Erebus. 1841 Do. 
1841. —62.84 

—62.87, H.M.S. Terror, 1841. Do. 

[—62.70, H.M.S. Erebus, 1841 Do. 

r—62.62, H.M.S. Fly, 1842. Do. 

1844. —62.63 j —62.75, H.M.S. Flv, 1844. Do. 

[—62.52, H.M.S. Fly, 1845. Do. 

1849. —62.73 H. M. S. Rattlesnake. Do. 

1852. —62.73 Kerr. Do. 

1858 —62.68 

_62.66 

Novara Expedition. Do. 
Ohsp.rva.tnrv_ Letter dated July 6,1896, from H. C. Russell, Esq., 

B. A., Government Astronomer, Sydney Ob¬ 
\ servatory. 

1874.4.... —62.76 H. M. S. Challenger. Voyage of H. M. S. Challenger. 

1890.8 .... —62.97 Lieut. Courmes, Fr. N. Annales Hydrographiques, 2d series, 2d vol., 1892. 

1892. —62.68 Observatory. Letter dated July 6,1896, from H. C. Russell, Esq., 
B. A., Government Astronomer, Sydney Ob¬ 
servatory. 

1896. —62.70 .do. Do. 

Year. Observed. Computed. O-C. O+f. 

1793.2 .... 
o 

—60.01 

o 

—60.17 +0.16 0.0256 

1824. —62.31 —62.11 —0.20 0.0400 

1831. —62.86 —62.40 —0.46 0.2116 

1837. —62.82 —62'61 —0.21 0.0441 

1841. —62.84 —62.72 —0.12 0.0144 

1844.. —62.63 —62.79 +0.16 0.0256 

1849. —62.73 —62.90 +0.17 0.0289 

1852. —62.73 —62.94 +0.21 0.0441 ■ Probable error of a single observation = ± 11'. 

1858. —62.68 —63.00 +0.32 0.1024 

1865. —62.66 —63.02 +0.36 0.1296 

1874.4 .... —62.76 —62.98 +0.22 0.0484 

1890.8 .... —62.97 —62.64 —0.33 0.1089 

1892. —62.68 —62.62 —0.06 0.0036 

1896. —62.70 —62.49 —0.21 0.0484 J 

0.8756 

Empirical equation for determining the inclination for any year: I = —62°.97 

— 0.0165 {t — 1850) + 0.00056 («— 1850)2. 



CHANGE IN DIRECTION OF EARTH S MAGNETIC FIELD. 335 

Lat. 17° 3V S. TAHITI. Long. 149° 34' W. 

Year. 
Magnetic dip 

or inclina¬ 
tion. 

Authority. 

Observer. Where recorded. 

1774. 

1769... 

1773.6 

1774.4 

1777.9 

18231 

1824 11826., 

1830 J 
18351 

1837 [ 1837., 

1840 j 

30.05 

1859., 

1875.8 

1890.7 

-30.72 

-29.72 

-29.97 

-29.78. 

-30.071 

-29.27 i 29.92 

-30.43 J 

-30.231 

-29.12 y 29.83 

-30.17 J 

-29.08 

-29.97 

-29.33 

rCook . 

J Bayley. 

I.do... 

I.do. 

fDuperrey. 

-I Kotzebue. 

[Erman. 

f Fitz Roy.. 

-j Anonymous... 

[Belcher.. 

{Friesach. 

Novara Expedition... 

H. M. S. Challenger... 

Lieut. Courmes,Fr.N 

Hansteen’s Magnetismus der Erde, Chris¬ 
tiania, 1819. 

Walker’s Terrestrial and Cosmical Magnetism. 

Do. 

Do. 

Phil. Trans. Royal Society, Part II, 1877. 

Do. 

Do. 

Do. 

Do. 

Do. 

j- Do. 

Voyage of H. M. S. Challenger. 

Annales Hydrographiques, 2d vol., 1892. 

Year. Observed. Computed. O-C. 
_2 

o-c. 

o o 
1774. —30.05 —29.71 —0.34 0.1156 

1826. —29.92 —29.70 —0.22 0.0484 

1837. —29.83 —29.70 —0.13 0.0169 

1859. —29.08 —29.70 +0.62 0.3844 ■Probable error of a single observation — ± 20'. 

1875.8 .... —29.97 —29.70 —0.27 0.0729 

1890.7 .... —29.33 —29.69 +0.36 0.1296 

0.7678 

Empirical equation for determining the inclination for any year : I = 

-1- 0.00017 (t — 1850). 

29°. 70 



336 LITTLEHALES. 

Lat. 33° 02/ S. VALPARAISO. Long. 71° 39' W. 

Year. 
Magnetic 
dip or in¬ 
clination. 

Authority. 

Observer. Where recorded. 

1700 . 
O 

—44.96 Bode’s Astronomisches Jahrbucli, 1828. 

1827 —39.10 Phil. Trans. Royal Society, Part II, 1877. 

1830........ —40.19 King. Do. 

1885 . —38.05 Do. 

1836. —37.08 Do. 

1887 —38 33 Do. 

1838 —38.72 Do. 

1838 —38.20 .do. Do. 

1852. —36.80 Swedish Magnetic Survey... Annalen der Hydrographie, 1877. 

1859. —35.67 Novara 'Exoedition. Phil. Trans. Royal Society, Part II, 1877. 

1866. —35.38 "HTarkness Do. 

1868 ... —34.38 H. M. S. Nassau. Do. 

1875.9 .... —33.79 H. M. S. Challenger. Voyage of H. M. S. Challenger. 

1875.9 .... —32.57 Do. 

1893. —31.83 Lieutenant Mottez. , Fr. N.... Annales Hydrographiques, 2d vol., 1893. 

Year. Observed. Computed. O-C. 0=C. 

1790.... 
o 

—44.96 
o 

—44.76 —0.20 0.0400 

1827. —39.10 —39.73 +0.63 0.3969 

1830. —40.19 —39.31 —0.88 0.7744 

1835. —38.05 —38.60 +0.55 0.3025 

1836. —37.08 —38.45 +1.37 1.8769 

1837. —38.33 —38.32 —0.01 0.0001 

1838. —38.72 —38.17 —0.55 0.3025 
Probable error of a single observation — ±28'. 

1838. —38.20 —38.17 —0.03 0.0009 
1 Period = 400 years. 

1852. —36.80 —36.32 —0.48 0.2304 

1859...:.... —35.67 —35.40 —0.27 0.0729 

1866. —35.38 —34.56 —0.82 0.6724 

1868. —34.38 -34.33 —0.05 0.0025 

1875.9 .... —33.79 —33.49 —0.30 0.0900 

1875.9 .... —32.57 —33.49 +0.92 0.8464 

1893. —31.83 —32.04 +0.21 0.0441 

5.6529 

Empirical equation for determining the inclination for any year: I = — 39°.99 

+ 8.41 sin 0.9 (t — 1850) + 3.45 cos 0.9 (t — 1850). 
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THE FUNCTION OF CRITICISM IN THE ADVANCE¬ 

MENT OF SCIENCE 

BY 

Frank Hagar Bigelow 

THE ANNUAL PRESIDENTIAL ADDRESS 

DELIVERED 

January 7, 1899 

The history of the development of human knowledge 

towards its goal, perfection, which may also be regarded as 

the history of science itself, shows that there has been a 

gradual improvement in the number and precision of the 

facts known to man, in the mechanical and intellectual 

skill with which these are handled, and in the forecasting 

of the ultimate truths to which they point. This advance¬ 

ment in scientific knowledge has been compared to the 

gradual rise in the level of the sea upon the shore, which is 

marked by the ceaseless beat of the waves upon the rocks 

and sands, with the advance and the retreat of individual 

billows, and the bewildering swirl and foam of breakers and 

the returning undertow. We may not inappropriately com¬ 

pare the practical aspects of criticism to the waves of re¬ 

search which advance and retreat, in dependence upon the 

mighty ocean that impels it onwards, sometimes concealing 

with strife and controversy the grand harmony as it seeks 

its lawful expression. 

Now, while it may be taken for granted that all educated 

persons, especially those who have attempted to add some¬ 

thing to the sum of human knowledge, have general ideas 

49-Bull. Phil. Soc., Wash., Vol. 13. (337) 
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about criticism and what it attempts to do, yet I may be 

permitted to doubt that every one here has clearly thought 

out what the organic nature of the function is, and in what 

ways it operates to the best advantage. At least it may not 

be inappropriate to devote the time at my disposal to mak¬ 

ing some attempt to bring out the leading features of a 

subject so vital to the interests of science, with the hope of 

stimulating students to a more correct employment of this 

agency than has been uniformly the case in the past. It is 

proposed, therefore, after a few remarks intended to illustrate 

the misuse of criticism, to proceed with the statement of the 

canons of criticism and the recital of a few examples which 

illustrate them in the branches of science with which I hap¬ 

pen to be partially acquainted. A complete exposition of 

my theme would involve the rehearsal of the entire range of 

scientific discovery since man entered upon the process of 

finding out things carefully and systematically. 

The idea of critidism is apt to excite the thought of some¬ 

thing very disagreeable, simply because no one enjoys the 

application of corrective measures to his lack of information, 

to his pride of reputation, and generally to his self-esteem 

or self-will. Ignorance brought home publicly and presump¬ 

tion exposed to rebuke are terrible weapons to punish those 

who break into Nature’s great preserve by any other than 

the narrow way of labor that alone leads to ultimate truth • 

yet the genuine scientist cannot but rejoice to see his errors 

exposed, for few determined searchers in Nature’s treasure- 

house have any satisfaction in following a barren vein or a 

phantom promise. Hence we may justly conclude that 

every true student is his own best and sharpest critic, so far 

as in him lies. Criticism is not something to be avoided or 

dreaded, if it is sound. It is rather one of those labor-saving 

devices that has fortunately been bestowed upon us to keep 

us from too much useless work. 

On the other hand, what can be said that is too severe of the 

trash, which is falsely called criticism, that encumbers nearly 

every journal devoted to scientific information. There are two 
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classes of critics to whom no quarter should he shown, namely, 

the “ omniscient critic ” and the “ professional critic,” the man 

who knows all about all subjects, and the man who knowing 

little, yet criticises all things in heaven and earth. The for¬ 

mer, that is the all-knowing critic, may really know some 

subject very well, but has conceived that this is guaranty that 

he may express equalty positive views in many other fields 

of learning; the latter, the regular critic of all subjects, is 

usually equipped with sarcasm, innuendo, and a large phrase¬ 

ology. How often it has happened that men of power in one 

field of work have not modestly confined their criticism to 

that particular department of work. How common a thing 

it is for a man who has a reputation in some direction to be¬ 

come a sort of general authority and have all sorts of essays, 

papers, and treatises referred to him for his opinion. Now we 

all know very well that this sort of thing is practically impos¬ 

sible in the advancing specialization of science. The ramifi¬ 

cations are too minute and too subtle for any one man even to 

keep posted on the bare facts in many directions. Hence this 

class of critics must necessarily go. The journals and maga¬ 

zines requiring the monthly quota of review material have 

been largely at fault in sustaining this class of criticism, but 

they ought to adopt the one obvious method of meeting the 

difficulty, namely, by sending for review the new paper to 

the best authority known, and then accept for publication 

his comments over his own signature. Let us do away with 

this anonymous kind of criticism. The best man writes sym¬ 

pathetically, he expresses valuable opinions, and generally 

courtesy and gentleness will mark his work. That is the 

kind of review which authors welcome, and it does not exas¬ 

perate, nor does it discourage further endeavor. The harsh 

and destructive criticism is as seldom needed as a whip for 

a willing child ; for surely, after a man has for years sought 

earnestly and painfully to secure a more correct knowledge 

of his subject, can anything be more distressing and unjust 

than to see his work caricaturized by a critic who plainly does 

not understand it—by one, for instance, who selects the wrong 
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case out of two or three which may occur, and proceeds to de¬ 

stroy that as if it really were the author’s conception. 

Then there is the other kind of critic just mentioned, the 

man who is really ignorant and yet makes his copy by writ¬ 

ing something in general terms, or else in an entirely incor¬ 

rect manner, about another man’s production. Such men 

are not mathematicians, they are not philosophers; they may 

be general readers, but they do not possess the critical faculty 

of seeing things exactly as the}" are. We might spend our 

time in enlarging upon these faulty styles of criticism, and 

they would make very interesting reading, though perhaps 

too personal for comfort, but we hasten onwards to some 

exposition of that just, genuine, and noble criticism whose 

application to the advancement of science it is a pleasure to 

facilitate in every possible way. 

We may arrive at a definition of the logical process of 

criticism, philosophically considered, by referring to the 

principle of identity—A is A, or A is not B. This is the 

ground of the intellectual process of judgment. Having 

prepared two or more concepts, through sense-perception or 

intuition, the mind advances by comparison, and the idea 

of identity or non-identity, to a judgment or affirmative propo¬ 

sition ; out of a group of such identity judgments w'e possess 

the faculty to generalize these primary elements into laws 

and universal ideas, which are the final products of human 

intelligence. Concept, judgment, general law-—these are 

the three stages in the gradual construction of knowledge. 

Now, criticism is essentially the exercise of the faculty of 

knowing in all these three stages, but especially it is that 

of judgment, which holds the central transitional place. 

We must know that the objects of knowledge are true and 

not false; we must group these objects by similarities and 

identities; we must perceive the features common to these 

groups in order to construct laws and theorems. Theories 

are the tentative and probable forecasts of the laws which 

may embrace many groups of identity judgments, and it is 

the dream of the human mind to rise at last to the central 
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unifying law, the attainment of which is the goal of philos¬ 

ophy. The comprehensive unit idea has not yet, except 

very vaguely, floated before the most exalted human mind. 

Science in its present stage is chiefly concerned with build¬ 

ing up correct concepts, commonly called facts; progress 

has been made in the province of identity; and some work¬ 

ing laws, holding gdod in limited realms of thought, have 

apparently been attained, but yet we can scarcely claim to 

be much better off than blindly groping after final truths. 

Practical ideas about criticism can easily be drawn from 

this general analysis. Suppose some new fact or law is pro¬ 

posed, then the first test to he applied is whether it is true or 

false; the second is whether it is new or old; the third is its 

place in the general scheme of knowledge. If what is offered 

in evidence by an author can be shown to be inaccurate, in¬ 

correct, or false by its lack of harmony with other facts or 

pieces of evidence, by some internal inconsistency, or by its in¬ 

completeness, then it fails, and by just criticism it is thrown 

out. But, having passed this stage successfully, it is next 

necessary to examine its bearing upon other previously ad¬ 

mitted parts of knowledge to discover whether it is new or is 

in reality old, being merely something presented in a differ¬ 

ent aspect, disguised perhaps unintentionally and uncon¬ 

sciously, but yet being merely a phase of some other product 

of experience. Finally, having been passed upon by criti¬ 

cism and believed to be true and new, then it is necessary to 

determine its dimensions, so to speak, its size, whether it is 

smaller than some more comprehensive law and is to be 

placed as a subordinate part of it, or whether it is larger and 

contains other laws within itself—that is to say, we must 

determine its rank in the hierarchy of ideas. These three 

canons of criticism, truth, newness, rank, corresponding as 

they do to the three forms of thought, concepts, judgments, 

general laws, respectively, are thus easily comprehended and 

should be consciously practiced by scientific critics; for we 

claim that criticism should become as much a function of 

science as the discovery of facts and laws, and indeed it is 
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here contended that this is the great intellectual process by 

which advancement can be profitably assured. The lack of 

system in criticism, the haphazard controversy, involving 

bitter feelings, slander, and errors of statement on the part 

of the critic, far less excusable than the honest but mistaken 

results of laborious investigation, should never have any 

place in science, properly so called. These questions should 

be put to himself by every searcher after truth and by every 

critic of other men’s work: 

1. Is the concept and the fact true f 

2. Is it something new, or is it already known in some 

other aspect ? 

3. Is it subordinate or superior to the allied facts and laws 

with which it is compared ? 

The first thought which comes to mind regarding the 

practical operation of such critical canons is this, that with 

the growth of human knowledge it is becoming harder every 

year to be a sound critic in any department of knowledge 

because of the immense range and the tremendous catalogue 

of facts which one must acquire in order to be able to apply 

the first and the second canons of truth and of newness to any 

candidate for matriculation in the school of science. The 

extension is fast becoming so great that our individual spe¬ 

cialization is beginning to make us quite incompetent critics, 

except in very narrow fields. Furthermore, many new ideas 

have their range legitimately in several adjacent depart¬ 

ments, as, for instance, astronomy, geodesy, meteorology, 

terrestrial magnetism, and pure physics, so that the compre¬ 

hensive minds who can conquer definitely these vast ranges 

of knowledge and are equipped for intelligible criticism must 

diminish in number. That is why the pseudo-critic already 

alluded to does so much harm by reason of his own lack of 

preparation in the premises. On the other hand, we may 

gain hope from the fact that the application of the third 

canon, of rank, is gradually building up sweeping incisive 

principles and laws so that a multitude of facts are already 

securely subordinated in their proper order. What a splen- 
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did power of hierarchy pertains to the Newtonian law of 

gravitation, to the mechanical equivalent of heat, to entropy, 

to potential and kinetic energy, to the principle of conserva¬ 

tion of work energy, to chemical equivalents, to the electric 

and magnetic cross-connections. If the extension of the ele¬ 

ments of knowledge threatens to overwhelm our powers of 

endurance, we may take refuge in the belief that the pro¬ 

foundly mysterious power of the mind, by which unification 

in laws of deeper intensity is going on pari passu, will be 

ultimately able to keep the scales of judgment and criticism 

evenly poised in a just equilibrium. 

It is evident that the memory of the multitude of incidents 

which have occurred tempts one to relate many stories of 

faulty criticism, and thus to draw aside from the real object 

of this address, namety, to give a few examples of the sound 

criticism which has materially contributed to the advance¬ 

ment of science. However, before passing on to that part of 

the subject, one may be permitted to illustrate the erroneous 

use of the three principles which have been laid down for 

the guidance of critical efforts. Nothing is more common 

than for a critic to be wrong about his own comprehension 

of the facts in the case, and this may be partly due to a lack 

of complete information or to a tendency to jump to conclu¬ 

sions without sufficient preliminary study. 

1. A traveler on the western arid plains found some hard 

balls lying on the ground about the size of a goose egg and 

coated with a white shell which contained a mass of tough 

grass, hair, and other loose material. Specimens were duly 

sent east for expert opinion as to their nature, with an ac¬ 

count of the conditions under which they were discovered. 

The answer was returned that these balls were buffalo cuds 

which had become hardened by exposure. Nevertheless the 

same traveler afterwards saw some bugs—tumble-bugs he 

called them—who industriously formed little balls on the 

ground and then rolled them along till they had grown be¬ 

yond their strength to move, having by that time acquired 

considerable size, when they were abandoned. So the balls 

never performed in the function of buffalo digestion. 
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2. A gentleman had a favorite tree in his yard which sud¬ 

denly began to turn yellow at the very top, the trouble spread¬ 

ing rapidly downward and involving the entire foliage. An 

expert was called in to assign a cause for this disaster and 

suggested that the leaves had been killed by spraying too 

much with oil or tobacco. But the owner was able to state 

that he never had any apparatus for this purpose in his pos¬ 

session, and that certainly no poisonous material had been 

used on the tree in question. 

These are instances of mistaken identity as to the primary 

facts and show violation of that canon of truth. 

3. A pathetic case came into my own experience some years 

ago. A man sent for examination one of those curious re¬ 

sults which are so plentifully derived from the loose reason¬ 

ing of “ planetary meteorology.” It was contained on a 

diagram several yards in length, giving curves, orbits, con¬ 

junctions of all sorts of phenomena, and it was quite evident 

that much time had been expended in its preparation. It 

seemed to me proper to return some courteous comments in 

very general language and, as I supposed, entirely concealing 

my real opinion. Soon a letter arrived from the author thank¬ 

ing me for my favor and asking permission to use my name as 

an endorsement in the publication which was proposed. He 

stated that he was an invalid, had been practically confined 

to his bed for twenty years, and that my words contained the 

first encouragement he had received in all this time. One 

could not but pity the man, considering what it must have 

meant to him, but I declined to lend my name. The temp¬ 

tation was too strong, and it appeared all the same in his 

printed paper. 

These are illustrations of criticism in which the facts are 

questioned as to their identity or truth. There is a class of 

erroneous criticism which comes from comparing two things 

not identical in their nature. Thus the comparison should 

be, A is B, but it was stated that A is C, whereas in reality 

B is not C. This occurs when, for instance, there is more 

than one possible case affording an explanation of the phe- 
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nomen on in question, and the application is made to the 

wrong case: (1) Several years ago an attempt was made to 

explain the peculiar curvature of the rifts of the solar corona 

which are photographed during an eclipse by comparing them 

with the lines of force surrounding a spherical magnet with 

uniforhi internal magnetism. A critic drew out his equa¬ 

tions and the corresponding lines of force and claimed that 

they did not agree as was supposed. A brief examination of 

the formula revealed the fact that he had taken the com¬ 

panion case of a spherical magnet immersed in an independ¬ 

ent external field, which changes the form of the curves near 

the surface. He simply applied the wrong case. (2) Another 

somewhat similar instance, but more complex in its details, 

came also to my notice. Three cases may occur in which 

the lines of force in a uniform magnetic field are distorted 

by placing a permeable substance within it, since the lines 

always seek the path of least resistance. The first is where 

a spherical solid as an iron sphere is placed in such a field, 

the lines taking on a system of curves determined by the 

strength of the field, the permeability and shape of the solid; 

secondly, if a spherical shell with a hollow interior is placed 

in the same field the lines assume similar but really different 

curves, and a part of them pass across the hollow (Barlow’s 

Problem); if in the third case there is a permeable shell 

filled up with a substance impenetrable to magnetic lines, 

then the curves are different from either of the other cases, 

being more sharply exflected at the poles. It has been my 

conclusion that the earth, having a permeable shell and being 

filled with a material nucleus which entirely turns aside the 

lines of an external magnetic field, is comparable to the third 

case, and that in this way a number of observed phenomena 

find their explanation. A critic, however, carefully worked 

out the consequences of the second case and found that it 

did not agree with my exhibition of the phenomenon. It was 

contended that this criticism is inapplicable, because of mis¬ 

taking the case which ought to be employed. 

Mistaken identity is an exceedingly common error which 

50-Bull. Phil. Soc., Wash., Vol. 13. 
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may befall any investigator, no matter how honest and in¬ 

telligent, when groping in the dark after the hidden facts of 

nature, and it is no discredit to him that the advancement 

of science discloses this state of affairs. Indeed, so far the 

history of the progress of science has consisted chiefly in the 

superseding the views of one generation by those of another, 

which possesses wider knowledge and deeper experience 

derived from trial and practice. (1) For nearty a hundred 

years the problem has been before magneticians regarding 

the cause of the great disturbances which occasionally sweep 

over the earth’s magnetic field and stir up currents of elec¬ 

tricity in the crust of the earth, sometimes so strong as to 

paralyze the operations of the electric telegraph lines. It 

was always assumed that the disturbances and the ordinary 

diurnal variations of the needle had the same source. Care¬ 

ful investigation of the subject was made mathematically 

by reference to certain observations, and it was concluded 

that the sun as a magnet could not be depended upon to 

produce such effects without imposing excessive conditions. 

The development of two independent external magnetic fields 

surrounding the earth, having their seat respectively in two 

distinct physical conditions, as given by a discussion of the 

observations, has recently placed the problem in a new light ; 

for it is shown that the disturbances belong to one of these 

fields, and the diurnal variations to the other, and that thus 

the early efforts to elucidate the subject were based on identi¬ 

fying two things which are really independent. Such is the 

criticism that has been recently advanced in this direction, 

namely, that the old position of magneticians fails because 

these two phenomena have different sources, while it was 

assumed that the same physical condition was behind each 

of them. (2) I have also ventured to make a criticism of 

about the same kind, though in connection with a much 

more difficult subject and one which may properly be held 

open for further discussion. It has been assigned by a very 

eminent authority as a reason for excluding the sun from 

consideration as an important agent in the disturbance of 
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the earth’s magnetic field, that the work which it would be 

required to do to accomplish such an effect at the earth 

would be entirely impossible. This argument, if true, would 

cut us off from the only solution of this great problem which 

appears to be in the least hopeful; for it is shown to be a 

fact beyond controversy that the envelopes of the sun and 

the earth are continually passing through a series of com¬ 

plicated synchronous variations. Now, something must con¬ 

nect them. What is it ? If the proposition is true that the 

sun’s work must be excessive, and that therefore there is no 

connecting bond, then the problem is well-nigh hopeless. 

But we cannot yield to this view without further examina¬ 

tion. The result of analysis is that there are three funda¬ 

mental cases for consideration: 

1. The electrostatic case, magnetic energy vanishing. 

2. The magnetic case, electrostatic energy vanishing. 

3. -Joule’s heat, electrostatic and magnetic energy. 

It takes more work to adjust the variations of the energy 

due to electric currents when propagated through an elec¬ 

trostatic field than when transmitted in a magnetic field; 

hence if the sun has a variable magnetization, due to mag¬ 

netic masses or electric-current systems passing from one 

state of equilibrium to another, the static electric field would 

require much more work than the polar magnetic field for 

these operations. To charge the electrostatic field from the 

sun to the earth is a tremendous undertaking, but the mag¬ 

netic field, on the other hand, so reacts upon the source sus¬ 

taining it as to require a minimum of work. The criticism 

is that the sun presents an instance of the second case and 

not of the first, as has been implied in the mode of thought 

heretofore presented. 

These examples must serve to explain the first canon of 

criticism on the truth or falseness of the subject-matter. 

They have been introduced on the negative side rather than 

on the positive to explain some of the principal causes of the 

failure of critical studies. There are innumerable cases 

which might have been adduced to show how false facts, 
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false arguments, and imperfect laws have been thrown out 
from further consideration by science, and in which work 
the critics have done good service. There are two points 
which ought to be mentioned regarding the pseudo-scientist 
and the pseudo-critic before passing on to the next division 
of the subject: (1) What ought to be done with those crude 
scientists commonly called cranks, and their rude produc¬ 
tions? The journals, and especially the press, abound with 
specimens of misapplied information, half-truth propositions, 
and generally unscholarly productions which may possibly 
impose upon the less cultivated class of readers. What is 
the best course to pursue ? The temptation is to show them 
up and expose the false science beneath their words. Many 
have tried this process, but almost invariably the result has 
been the increased disgust of the scientific critic, who finds 
his opponent a good thrower of mud. His effort has resulted 
in a wider advertisement of the author’s feeble ideas, and 
generally in the belittlement of true science. Undoubtedly 
the best policy is to let such men and all their works alone. 
If the ideas are of science, they will live; if not, they will 
die of themselves, and the world will be richer for the lack 
of the controversy. (2) What should be done when a true 
scholar is vehemently attacked, his views misinterpreted, 
and his reputation assailed ? Some of our great men have 
adopted the course of never replying to such criticisms. 
They refuse absolutely to be drawn into any controversy, 
and prefer to suffer such injury rather than to be parties to 
any strife. Indeed, the unhappy heart burnings which have 
been engendered by scientific wranglings are so notoriously 
unprofitable, so productive of bitterness and estrangement, 
that strong men generally prefer to bear patiently these 
attacks than to be concerned in a story of discord which 
may be remembered longer than their otherwise good works. 
What a tale of woe could be gathered together in exemplifi¬ 
cation of this evil of scientific contention, and how many of 
them are readily recalled from our recollection of the history 
of science! There comes a time, however, when even the 
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lion should be roused, and then let us say that he should 

smite and not spare his false critics. Let the victory be 

complete. 
We now pass to comment briefly on the second canon of 

identity, namely, whether the material is new or old. This 

is a precept which is becoming of increasing importance as 

the matter of scientific investigation accumulates, and with 

serious acceleration as time goes on. The immense mass 

of papers which must be examined before it is safe to pro¬ 

nounce a thing new in any subject is already becoming a 

source of anxiety to students. It is indeed the primary cause 

of the specialization now going on so rapidly, by which 

one man becomes an expert in a very limited field of work, 

but at the same time undergoes a process of isolation from 

his fellow-workers. It is perhaps necessary to submit to this 

accumulation of literature, because the human mind seems 

capable generally of only relatively small improvements at 

a time upon the work of predecessors, except in the rare in¬ 

stance of a genius being produced by the grand process of 

nature. Sometimes a vein is falsely exploited, sustained 

by the pretension of novelty and the desire to acquire a 

reputation, as when an author deliberately gives a well-known 

subject some slight twist, which persists throughout his ex¬ 

position, while in reality the work contains no genuine new 

contribution to science. Also several men may have been 

working quite independently of one another and thus have 

brought forth similar results by means of different courses of 

procedure. At any rate, we can all see that the necessity of 

a scientific clearing-house is becoming essential not only for 

the convenience, but also for the real progress of science. 

There is need that in the subjects which have been practi¬ 

cally cleared up there should be some authoritative statement 

regarding the final product of such investigations. Some 

attempt has been made towards this in two or three directions: 

(1) by means of the short summaries which certain journals 

of substantial purpose are publishing; (2) by the institution of 

congresses or conferences of specialists, who shall pronounce re- 
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garding certain definite subjects and be responsible for tables of 

constants, formulae, as well as nomenclature. The very growth, 

however, of knowledge makes the task set for the standard 

journals increasingly difficult, because the reference sum¬ 

maries are meager and there must necessarily be an immense 

and increasing number of them. The work of our congresses 

or international committees is also unsatisfactory, because the 

labor of bringing many men to the same point of view re¬ 

garding intricate questions is very great, and, indeed, so im¬ 

practicable that in fact only few advanced problems, and 

usually only simple questions, can be treated in this way. 

In my judgment, the best plan to pursue would be for ex¬ 

perts to train themselves thoroughly in special directions, so 

that they can study up, digest, and classify certain branches 

of knowledge once for all, and thus leave to their successors 

all the real information there is, expressed in short space and 

in language recognized as standard. If this generation has 

been prolific of a multitude of research men, the time may 

not be far distant when advanced work will be limited to 

the few who have developed special knowledge and pecu¬ 

liar instinct for such progress, and when, simultaneously, a 

number of students shall unify and simplify to the utmost 

the real residuum of facts and laws. For this latter purpose 

we need first of all a standard international system of nota¬ 

tion in mathematics and physics, by which it will become 

perfectly easy to pass from one man’s writing to another’s, 

so far as the use of coordinate axes, letters, and symbols to 

represent fixed quantities and relations are concerned. I 

have taken the trouble, indeed it has been a necessity for 

me to do so, to rearrange the symbols in my texts on meteor¬ 

ology and terrestrial magnetism in a uniform notation, to 

the great assistance of scholarship and pleasure in studying 

these subjects; for there is nothing more annoying than to 

acquire the ideas of one author in certain equations, and then 

on passing to another author who has written on parallel 

lines to find the same ideas and facts expressed in terms just 

enough different to make every equation and combination 
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look strange. It is also a surprise, after these subjects in a 

half a dozen books are reduced to one notation, to find how 

widespread the tendency is to go over the same ground again 

and again and yet with no real advance beyond suggestions 

as to minor details, which occur incidentally and only as 

subordinate aspects of the same truth. 

Thus we find in (1) Barometry the attempt to put Laplace’s 

equation-in a dozen different forms, which neither advance 

in any respect the real subject of the variation of the air 

pressures with the height, while in fact all these can well be 

summarized in one system, such as the International Com¬ 

mittee proposed; in (2) the Thermodynamics of the atmos¬ 

phere, the fundamental relations are capable of being stated 

in one comprehensive scheme, which shall supplant all the 

papers now referred to, and wherein there is much repetition 

of work; in (3) Terrestrial Magnetism there are a half a 

dozen schemes of coordinates and notations now afloat, 

whereas by reference to three standard canons the entire 

subject can be made to read as one; in (4) Electricity and 

Magnetism, what a diversity of formulae have been derived 

from Maxwell on the one hand and from Helmholtz on the 

other, forming now the English and the German schools; in 

(5) Astronomy and Geodesy there is the same divergence of 

processes springing from the several works of the original 

investigators, which yet might be reduced to one simple and 

comprehensive system. It seems to me that we must soon 

have a clearing-house of these fundamental matters, carried 

out radically and comprehensively. Then all authors should 

write their works in the adopted system, on the penalty of 

not being published at all. Much pretentious new knowl¬ 

edge will thus be found to be old, and all recognized advances 

will be substantial. 

We must hasten over the second canon of newness and 

oldness, to spend the rest of our limited time on the fascinat¬ 

ing topic suggested by the third case, namely, that of rank in 

the hierarchy of knowledge. This comprises the assignment 

of relative merit to those acquirements of science which as in- 
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dividual facts, laws, and theorems are sound, and have passed 

through the two antecedent stages of criticism. In illustra¬ 

tion of this principle, it may be profitable to call attention 

to one of the most important and interesting struggles for 

supremacy that has arisen in the history of the development 

of science. There may be some features of this topic which 

are not sufficiently familiar to those who have never made 

a special study of these subjects, to make it particularly 

easy to understand fully the merits of this controversy, but 

probably the main features can be readily apprehended. 

It may seem going very far apart to seek in the Ptolemaic 

system of astronomy, and the chemical theory of phlogiston, 

the remote beginnings of this modern strife, but that is ap¬ 

parently where it unconsciously began. There are three 

systems of astronomy which form the stages in the develop¬ 

ment of our modern science—the Ptolemaic, the Copernican, 

and the Newtonian. In the Ptolemaic system the stars and 

the planets were all regarded as having real motions about 

the earth, assumed ifself to be at rest; in the Copernican 

system the sun is the center of motion, while the earth and 

the other planets rotate on their axes and revolve about it; 

in the Newtonian system all celestial motions are due to the 

operation of the one law of universal gravitation. In addi¬ 

tion to the plausible account given of the observed motions 

of the stars and planets by the first system, its real strength 

consisted in the ancient difficulty of conceiving how the at¬ 

mosphere, how men, and all other things could remain on a 

rapidly rotating sphere without sliding off. The fact which 

really broke down the theory was the incontestible one ob¬ 

served by sailors, that the surface of the sea was not flat, but 

that their ships descended from view. The heliocentric 

theory of Copernicus not only showed that the celestial 

motions could be as well accounted for by it as by the Ptole¬ 

maic system, and more simply, but that it also contained 

greater possibilities of knowledge. The observations of 

Copernicus, Tycho, and Kepler, giving rise to Kepler’s three 

laws, culminated in the central law of gravitation, and New- 



FUNCTION OF CRITICISM IN ADVANCEMENT OF SCIENCE. 353 

ton’s three laws of motion. Herein the law of rank is su¬ 

perbly realized, and its crown, universal gravitation, is 

destined to endure at the head. 

Another point that puzzled men so long was, How can a 

body keep moving about another continuously without some 

additional force to sustain the motion in its path? Only 

gradually did the great truth emerge, through the sugges¬ 

tions of Leonardo da Vinci, Galileo’s law of falling bodies, and 

Huyghens’ theory of central forces, till Newton was able to 

define it in the laws of inertia, composition of forces, and 

mutual action. The splendor of these conceptions excited 

the imagination of the best minds, not only to extend the 

sphere of observation but also the purely mathematical analy¬ 

sis of all sorts of mechanical problems. The great contribu¬ 

tion of La-place, d’Alembert, Lagrange, Hamilton, and many 

astronomers, whose names are immortal, have certainly car¬ 

ried out the promise of Newton’s laws to splendid fulfillment. 

Along with the success attending these achievements, there 

grew up the conviction that the entire range of phenomena 

in the universe, great and small, can be finally reduced to 

some part of the theory of mechanics. With this object in 

view, all problems in physics, in chemistry, and even in men¬ 

tal psychology, have been attacked along the lines of mathe¬ 

matical mechanics. What shall we now say—with success ? 

That is the very question to which I desire to direct your 

attention. 

Along with the satisfactory solution of many problems 

which, though great in themselves, are only minor parts of 

a more comprehensive subject, the human mind has grad¬ 

ually gone onwards from the study of the operations of na¬ 

ture, as embodied in certain laws, to an investigation-of what 

is behind the law itself—the forces, the energy, the ultimate 

substance, out of which the material world is built. For if 

the law of gravitation is known, what about the gravitating 

force itself—its origin, nature, and operation ? What about 

molecular and chemical forces in themselves ? What about 

the nature of heat energy, kinetic and potential energy, work 

51—Bull. Phil. Soc., Wash., Vol. 13. 

4 



354 BIGELOW. 

energy, electric and magnetic energy ? What about the 

ether, the atoms, action at a distance or through a connect¬ 

ing medium ? The mere mention of these modern questions 

is sufficient to recall the vague suspicion which has been re¬ 

cently overspreading the scientific world, that perhaps after 

all mathematical mechanics is going to fail of its ultimate 

mission. For I have only to remind you that the great 

modern masters, Maxwell and Helmholtz, definitely abandoned 

the use of the purely mechanical equations, and attained their 

advances by the employment of the more comprehensive 

energy equations; and also to note that their disciples, J. J. 

Thomson, Heaviside, Hertz, Planck, Boltzmann, Helm, and 

others, are working these problems from the energy point of 

view and not from the purely mechanical. The trouble has 

been two-fold. In the first place, the mathematical equations 

become too complicated for operation outside the province 

of simple geometrical points in their mutual interrelation; 

and in the second place, there is coming to realization the 

fact that the fundamental things of this universe are not so 

simple as the geometers would have them. The two laws of 

thermodynamics, with their expressions of conservation of 

energy, namely, the impossibility of creating energy or de¬ 

stroying it, and the impossibility of transforming energy ex¬ 

cept under certain definite conditions, have given rise to a 

new reach of knowledge apparently as high above the three 

Newtonian laws of motion, as these are above the Ptolemaic 

fear that man would slip off this earth if it were round. It 

is now about as difficult for us to perceive how it can be that 

the collision of gas molecules is maintained without the ad¬ 

dition of some outside forces, as it was for the churchmen of 

Galileo’s day to see how a planet can continue to circle about 

the sun without some outside force acting on it to push it 

along. 

Let us now go back to our other starting point, the theory 

of phlogiston, and advance to the general point of view, 

namely, the struggle between mechanics and energetics, 

which we wish to more fully explain. The history of the 
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development of our ideas of energy, from the theory of phlo¬ 

giston to the laws of intensity and capacity, is one of the 

most fascinating and instructive accessible to the student of 

science. The phlogistic theory, invented by Stahl at the 

end of the seventeenth century, was in vogue for about one 

hundred years, till Lavoisier overthrew it finally. It main¬ 

tained the notion that every combustible substance contained 

an inherent principle which it lost during combustion. 

Hence all combustible substances are compounds. Charcoal, 

coal, sugar, flour, &c., are rich in phlogiston. The actual 

escape of flame from a burning substance as a visible some¬ 

thing, the uncertainty of the nature of heat, and the idea 

that it is a form of imponderable matter, caloric, gave the 

theory its strength. Besides, no other theory was known 

which could take its place. Oxygen was dephlogisticated 

air because it was capable of taking more phlogiston from 

nitrous air, and therefore must itself contain less of the prin¬ 

ciple. Nitrogen was phlogisticated air because it could give 

up the burning material. 

This theory fell under the blow which Lavoisier dealt it 

with his balances. He weighed his gas and found that what 

one lost on entering into chemical combination, the other 

gained in weight. He found that air consisted of a mixture 

of two gases, one of which could support combustion, while 

the other could not. He proved that water was a compound 

of hydrogen and oxygen, uniting in definite proportions. 

His opponents, the adherents of the phlogiston theory, 

Priestly, Cavendish, did their best to break the force of these 

experiments; but they never succeeded, and the theory per¬ 

ished with them, so far as phlogiston is concerned. 

The similar theory of caloric had a life for nearly 50 years 

longer, till about 1845, when Joule by experiment proved the 

mechanical equivalence of heat and work ; in other words, 

that heat, no more than the principle of combustion, is a 

substance. Having arrived at this negative proposition, it 

is not too much to say that after 50 years more of eager study 

we do not yet know what heat is, although we have discovered 
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much about the operations of nature roughly classified as 

heat. The story of this attempt to solve the main problem 

is worth repeating (Compare Energetik, Helm). The dis¬ 

covery that combustion must be ascribed to a process and 

not to a substance, and the later proof that heat is a process 

and not a substance, brought up the entire range of questions 

involved in natural process, and with them the study of 

the primary problems: What is force? What is energy? 

A long controversy arose over the proper measure of force. 

Some said, It is the motion generated, and hence where there 

is no motion there is no force. Others claimed that the ac¬ 

celeration of motion, the rate at which velocity of motion 

changes, is the true measure of force, and these still hold the 

field. Helmholtz defined energy as E — v2 in 1847. It 

had already been surmised that heat is a form of motion. 

Hobbes thought that light and heat had a common origin in 

motion; Locke that heat is only motion ; J. Bernouilli had 

the conception of the conservation of energy; Daniel Ber¬ 

nouilli suggested the kinetic theory of gases ; Count Rumford 

boiled water by means of friction only; Humphrey Davy 

melted ice by rubbing two pieces over each other; Fresnel 

showed that light and heat are interchangeable; Mohr dis¬ 

cussed the transformation of forces; Lagrange found the 

dynamic equation of a conservative system of forces. The 

practical mechanicians soon saw that the transformation of 

forces leads to the idea of the conservation of energy. Poncelet 

took as the measure of work a force operating through a given 

space and proved the principle of the transmission of work. 

This principle, work = Eds, is the ground of the energy con¬ 

ceptions, and from it comes the theorem of the mechanical 

equivalence of heat and work. Robert Mayer, 1842, laid down 

these concepts: “ Energy is indestructible; ” “ energy has 

variable manifestations; ” “ energy is imponderable.” He 

also distinguished clearly “ potential and kinetic energy.” 

These concepts have dominated the thought of the past 50 

years, but recently we are trying to do away with the dis- 
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tinction between potential and kinetic energy, as an incom¬ 

plete statement of a greater truth. Rumford, Carnot, Mayer, 

Colding, Joule, Clausius, and others have sought the mechan¬ 

ical equivalent of heat in various ways, and it turns out to 

be about 426.8 kilogram-meters or 777.9 foot-pounds for this 

latitude. 
Helmholtz sought to ground a theoretic basis for the trans¬ 

formation of energy in the principle of the “ impossibility of 

perpetual motion,” and showed that the mode of transfor¬ 

mation, such as a Carnot cycle, does not affect the result, but 

at first he was unsuccessful in arriving at an analytical ex¬ 

pression. He then introduced the further principle of action 

and reaction, which is equivalent to limiting the operation 

of his cycles to central forces, and proved that rotations as 

well as translations must be taken into the account, and thus 

arrived at the famous theorem of the conservation of energy: 

“ In conservative systems, the sum of the kinetic and the 

potential energies is a constant.” Helmholtz made an appli¬ 

cation of his principle to magnetic, electric, and heat pro¬ 

cesses, but fell into another error, and his result met only 

wdth* opposition, showing how hard it is even for a master 

mind to successfully grasp at the outset the truths of nature’s 

operations. Another thread of the problem was worked out 

by Carnot, Clausius, and Thomson, culminating in the entropy 

theorem, which, coupled with the theorem of conservation, 

gives the two laws of thermodynamics. Stripped of all tech¬ 

nicalities, the first or conservation law is, that energy cannot 

be created or destroyed by mechanical processes ; the second 

or entropy law is, that the energy of a body can be trans¬ 

formed only from higher to lower states of intensity. The 

first law asserts that the sum total, or the energy of the uni¬ 

verse, is constant; the second that the available useful energy 

of the solar system is diminishing in efficiency. 

It cost much labor and effort to arrive at the true mathe¬ 

matical expression for the second law. The early investi¬ 

gators, Carnot, Clayperon, and Horstmann, did not emancipate 

their minds from the erroneous idea that heat is a substance, 
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caloric. Carnot knew that heat and work were transform¬ 

able quantities, but, supposing that heat is an indestructible 

substance, he never went beyond the incorrect statement that 

heat is equivalent to the work done. He did not know about 

the entropy function, which connects the quantities of heat 

energy and work energy. Clayperon followed Carnot's error, 

and the differential equation which they adopted as funda¬ 

mental is erroneous, since they supposed they were dealing 

with a true differential, which was not the case. Carnot in¬ 

troduced the fruitful idea of reversible and irreversible cycles; 

Clayperon used the indicator diagrams to measure the value 

of the work expenditure in a complete reversible cycle. To 

Clausius and W. Thomson (Lord Kelvin) belongs the credit 

of the discovery of the entropy function and the analytic 

form of the same. Clausius first used the word entropy in 

1865, but the idea was complete in 1855. Thomson began 

his work on this subject with Carnot's idea, but in 1850 aban¬ 

doned that view of the relation of heat and work. First he 

defined the absolute temperature, then he relinquished 

Carnot's statement that in doing work heat as a substance 

does not lose in quantity, but only in aspect, and accepted 

Clausius, proposition that heat is a molecular movement, 

which in doing work loses quantity as well as changes in 

aspect. Carnot had, however, this correct idea, that the kind 

of medium through which the work is done is not essential, 

but only the initial and final temperatures, for otherwise 

perpetual motion would be possible. Clausius admitted that 

the small changes in the intrinsic energy, the heat energy, 

and the work energy are not true differentials, but only 

small variations. 

A W 6 — & 
Thomson reaches the relation, -ft- = -J—-—2 where A is 

Ai '2 

the mechanical equivalent of heat; 

W is the work performed ; 

Q2 is the heat transformed at the higher temperature, 

being the lower temperature. 
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Z 

There follows from this, $ = dQ = 0dS. 

*d 

The expression, dS—^Q, is called the entropy law, 

and was put in its final form by Planck. It shows that the 

entropy must increase for a given expenditure of heat oper¬ 

ating at a fixed temperature, or if the entropy is held con¬ 

stant, the temperature must be lower. Hence the entropy 

of the world tends towards a maximum, or the temperature 

of the world is running down towards a minimum. Since 

this formula applies only to Carnot’s reversible processes, we 

find that for all irreversible processes the expression is 

dQ < OdS, and hence the complete expression of the second 

law of thermodynamics is dQ<0dS. For the first law we 

have dE< QdS -f- cL4, where dE is the change in the intrinsic 

energy, 0dS that in heat energy, and dA that from all other 

sources, the sign of equality holding for the reversible pro¬ 

cesses and the sign of inequality for the irreversible pro¬ 

cesses. 

I may well apologize for going so far into technical expres¬ 

sions, but the importance of the conclusion in view is such 

that I beg your indulgence for a very few moments longer. 

When the principles suggested by the second law of thermo¬ 

dynamics are applied to the other processes of nature, it is 

found that nearly every region of phenomena falls under 

the same general form, and that taken together they make 

up one great principle, of which dQ — &.dS. is the type. The 

following table is compiled from Helm’s Energetik, 1898, and 

embraces heat, kinetic and potential mechanical energy, 

central and cyclic work, surface and volume energy, ter¬ 

restrial and universal gravitation, frictional and chemical 

energy, electric and magnetic energy, electric and magnetic 

polarization: 
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This analysis of phenomena shows that variations of energy 

in their transformations are known only as the product of 

two terms. Of energy itself, the primal quantity, we know 

nothing as yet. Whether it ever can be known to man re¬ 

mains to be seen. Of the two factors which measure the 

change in energy, the first is called the intensity and the 

second the capacity. Examples of intensity are the absolute 

temperature, velocity of motion, the potential function, the 

double kinetic energy, force, surface tension, pressure, height, 

the Newtonian potential function, chemical intensity, electric 

and magnetic tension, electric and magnetic currents. These 

quantities are the gauges of the condition of the substance 

through which the work of the transformation of the energy 

is performed. Thus the temperature or pressure of a body 

prescribes the amount of the work required to produce a 

given rise in its heat or volume respectively. Now, the pre¬ 

requisite that there shall be any transfer of energy whatso¬ 

ever is that there must be differences of intensity in contact 

with each other. For any transfer of heat there must be 

two bodies in contact having different temperatures, as hot 

and cold pieces of metal; or two bags of air with different 

pressures, which are spherical before contact, but become 

deformed on touching each other, the bag of low^er pressure 

yielding more than the one at higher pressure. Next, the 

transfer of energy is always from the substance of higher in¬ 

tensity to the one of lower intensity, as from the hot to the 

cold body, from the high pressure to the low pressure body. 

The second law of thermodynamics therefore becomes gen¬ 

eral by saying that every energy form endeavors to go over 

from a higher to a lower intensity. This is the intensity 

law and is universally applicable, so far as now known. 

The second factor in energy changes is called the capacity, 

and examples of it are entropy, force, molar mass, the cyclic 

moment, distance, surface, volume, weight, resistance, chem¬ 

ical mass, electricity, magnetism, electric and magnetic 

density. The capacity measures the amount of the energy 

transferred from one body to another. If intensity measures 

52—Bull, Phil, Soc., Wash., Vol. 13. 
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the amount of the disturbance of equilibrium, and conditions 

the rate at which the transfer of energy takes place, the ca¬ 

pacity measures the amount of energy that is transferred 

when the form of energy is changed. Hence under the law 

of conservation the amount of energy that one body loses 

the other gains, and therefore the sum of the capacities 

taken throughout the process is constant. The amount of heat 

one body loses the other gains in the new equilibrium; the 

amount of pressure one body loses the other gains, in order 

that equilibrium may be restored. If this equilibrium is dis¬ 

turbed by some change in the intensity, then the capacity 

measures the amount of the energy that can transfer under 

these circumstances, and the total energy transformed is the 

product of the intensity and the variation of the capacity. 

It may seem strange that the terms that we employ freely— 

force, mass, surface, volume, weight, electricity, and magnet¬ 

ism—are only forms of this capacity function, and that they 

are apprehended only during the instantaneous transfers of 

energy. It may cause surprise to perceive that the other 

set of terms we commonly talk about as entities, namely, 

temperature, velocity, potential and kinetic energy, height, 

pressure, tension, current, are perceived only during the 

transfer of energy; and it may be difficult to realize that 

we know nothing of heat, kinetic and potential energy, work, 

gravitation, friction, chemical, electric, and magnetic energy 

in their entities, but only in their processes of transfer. En¬ 

ergy is the great unknown entity and its existence is recog¬ 

nized only during its state of change. It may be surmised 

that we are here on the borderland of profound metaphysical 

speculations which we have no opportunity to enter upon 

at this time. 

For our immediate subject in hand, namely, the illustra¬ 

tion of the third canon of criticism, that every valid and new 

fact or law must be assigned to its proper rank in the hierarchy 

of science, we see at once that the foregoing analysis is of 

special significance. Here are more than a dozen examples 

from the processes of nature which can be classified under 
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one comprehensive general law, whose principle once fully 

comprehended makes it possible to critically analyze a multi¬ 

tude of subordinate statements regarding the details of 

thought and theory which are found in current scientific 

literature. 

The above law has been stated as an equality dE~ J. dM, 

but this is applicable only to the cyclically reversible phe¬ 

nomena. Now there is the second great class of phenomena, 

called the irreversible, which are not cyclic; that is to say, if 

a certain state exists in a body at an initial moment, and if after 

goingthrough transformations it can be brought back to the 

same state again, it is reversible; but if it cannot return to that 

state, it is irreversible. Now there are many forms of energy- 

transfer which are irreversible; that is where the energy is 

wasted, so far as the efficient value of it is concerned, as where 

heat is lost by dissipation, electric and magnetic energy by 

radiation. Hence there is the law of dissipation of energy 

as well as the law of conservation, and the dissipation of 

higher power energy seems to be the dominant practical fact 

in the world around us. 

Let us glance backward once more to a previous statement 

regarding the onward march of mechanics as the means of 

solving the physical problems of the universe. At first, 

under the influence of astronomy and mechanics of large 

masses, there was every prospect of its success; but when these 

principles were applied to molecular or atomic masses, and 

to physical laws of greater complexity, the difficulties of the 

mathematicians and physicists began, and they have con¬ 

tinued to be insuperable to this day. The essence of the 

mechanical theory is d’Alembert’s law of work, that force 

operating through a distance is the measure of such work, 

dA = X. ds. Lagrange’s equation of work is derived by 

essentially ignoring spacial coordinates and substituting the 

parameters (intensities) which determine the condition of a 

substance while coupling it with the other quantity (capacity) 

which denotes the direction of the change. In doing this 

two steps are involved: (1) the potential energy of the me- 
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chanical system is ignored or thrown out of consideration, 

and the kinetic potential is alone employed; (2) the change 

in kinetic energy is assumed to he equal to the change in 

the energy of the system. In a word, all energy is kinetic, 

and no energy is potential—that is, after all the grand change 

from the mechanical system to the energy system of treatment. 

Lagrange made it possible by his equation; Maxwell first rec¬ 

ognized the importance and necessity of this reformation, and 

out of it came his splendid electric and magnetic equations; 

Helmholtz adopted the same plan and found the laws of the 

cyclic and reciprocal system; Hertz, in his great treatise on 

modern mechanics, excludes the potential energy from his 

system; J. J. Thomson has successfully applied this method 

to a great number of physical problems, and he says, “ We 

may look upon the potential energy of any system as kinetic 

energy arising from the motion of systems connected with 

the original system, and from this point of view all energy 

is kinetic, and all terms in the Lagrangian function express 

kinetic energy, the only thing doubtful being whether the 

kinetic energy is due to the motion of ignored or positional 

coordinates” (Dynamical Methods, p. 14). Poincare states, “ I 

have demonstrated that the principles of thermodynamics 

are incompatible with mechanical principles of direct action 

and action at a distance; also mechanism is incompatible 

with the theorem of Clausius. ” Helm makes a long argu¬ 

ment in favor of the view that energy transformations 

cannot be explained by mechanical analysis of the most 

advanced type. All this applies to the type of reversible or 

cyclic processes; but in the case of the irreversible or acyclic 

phenomena, even this law of Clausius is not available, for 

Poincare states (Thermodynamique, p. 422), “ it results from 

this that irreversible phenomena and the theorem of Clau¬ 

sius are not explicable by means of Lagrange’s equations.”' 

In a word, the first law of thermodynamics may have some 

mechanical analogues, but in connection with the second 

law there are no such analogues from mechanics. Heaviside 

has made a very stout effort to secure such analogues for 
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electric and magnetic relations, but each type has ended in 

some irreconcilable difficulty, and therefore no such ana¬ 

logues are known. The attempts of Lodge, Boltzmann, and 

others to illustrate the electric and magnetic phenomena by 

means of mechanical pictures must always be considered 

under the reservation that they can be only partially true. 

I have thus attempted to give some idea of the battle 

royal between mechanics and energetics that is now going 

on, and have indicated that the banners of mechanics are cer¬ 
tainly drooping, and that their standard-bearers are weary. 

Whether energetics is to be the final victor, or whether some 

stronger idea will be discovered, remains beyond the fore¬ 

cast of today. It looks now as if science were fast approach¬ 

ing those impenetrable mysteries which have confronted the 

metaphysician and the theologian for centuries; it seems 

certain that the attempt to construct this universe out of 

pure matter and the three simple lawTs of force is a failure; 

it may not be improper to assert that the available energy 

for doing useful work is being expended and that the 

world’s supply is running down. There arises further ques¬ 

tions : Where did energy spring from originally ? What keeps 

up the supply, if it is now running down. What is to be the 

final state of things when the supply has gone ? If the uni¬ 

verse in its physical processes is really exhausting itself, 

what is this theory of evolution by which it is claimed that 

some combinations of energy, animal and human life, organic 

life, is coming up ? Is inorganic life running down, and is 

organic life coming up ? If this is so, what is the difference ? 

In fact, what is life ? Is mechanics destined to give place 

to energetics, and is energy finally to become tributary to 

the science of life whose first law has not yet been discovered ? 

If not this, what is the true hierarchy in the existences, and 

does the pathway lead up from man and his little spark 

of life to some immense oversoul, and is that life the sub¬ 

stance of the temporary phenomena we call this world ? 
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THOMAS ANTISELL. 

1817-1893. 

[Read before the Society, May 23, 1896.] 

The ancestors of Dr. Antisell were French Huguenots, who 

fled from persecution to England, where part of the family 

remained and changed the name to “ Entwisel.” Another 

part settled in Kings county, Ireland, where the last male 

descendant died a few years ago. 

Dr. Antisell was born in Dublin, Ireland, January 16,1817, 

of Christopher and Margaret Antiseil, formerly Margaret 

Daly. His father was a lawyer, who refused the “ silk gown,” 

or appointment as Queen’s counsel, because he was not favor¬ 

able to British rule in Ireland. 

The Doctor was the second son in a family of three sons 

and two daughters, and commenced his medical education 

with Surgeon Daly, of Dublin, graduating from the Royal 

College of Surgeons, London. He studied chemistry with 

Sir Robert Kane, and for many years acted as his assistant. 

While residing in London he visited Paris and Berlin, and 
later settled in his native city, where he became a successful 

physician, also giving some lectures on agricultural chem¬ 

istry. In 1848 he was obliged to leave his country on account 

of his connection with the young Ireland party, and chose 

New York city as the place of his political exile. Here he 

practiced medicine from 1848 to 1854, at the same time hold¬ 

ing the position of lecturer on chemistry in a number of col¬ 

leges, among them those at Woodstock, Vermont, at Pittsfield, 

Massachusetts, and at the Berkshire Medical Institute. 

In 1854 his taste for travel led him to accept the position 

53—Bull. Phil. Soc., Wash., Vol. 13. (367) 
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of geologist with the Parke expedition in the railroad survey 

of southern California and Arizona, returning to Washington 

in 1856, where, on June 1, he was appointed first assistant ex¬ 

aminer in the Patent Office. His work in the office related 

chiefly to chemistry, and he was promoted to be principal 

examiner on May 3,1861. 

On September 30 of the same year he resigned to enter the 

army as brigade surgeon of volunteers, with the rank of major. 

He served first with Banks’ division and the Fifth army corps, 

then became successively medical director of the Department 

of the Shenandoah, Second corps, Army of Virginia, and 

Twelfth army corps; in October, 1862, was in Harewood hos¬ 

pital, Washington, D. C., and in 1863 president of a medical 

examining board, and post surgeon to August, 1865. He was 

brevetted lieutenant colonel, United States volunteers, March 

13, and honorably mustered out of service October 7, 1865. 

In the service he was noted for his reckless disregard of per¬ 

sonal danger for himself or his assistant surgeons when the 

wounded required attention in the rear of the line of battle, 

and probably saved the life of many a poor fellow by the 

prompt and skillful aid he rendered. 

In 1866 he was appointed chief chemist in the Department 

of Agriculture, where in 1869 the writer first met him. The 

Japanese government was then trying to secure the services 

of competent foreigners to teach them modern civilization, 

and among their enterprises included an effort to improve 

the northern islands which form a part of their empire. 

General Horace Capron, at that time Commissioner of Agri¬ 

culture, was engaged for this purpose, and among the assist¬ 

ants he selected to go with him was Dr. Antisell, as technol¬ 

ogist for the expedition. The party arrived in Japan in 

1871, and the ability of Dr. Antisell in chemical work was so 

marked that he was soon transferred to the service of the Im¬ 

perial government in Tokyo in connection with the making 

of inks for a new system of paper currency, dextrin for the 

post-office, and similar work. While in Japan he received 

a pressing invitation from General Stone, then in Egypt, to 
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take charge of a university at Cairo; but the climate of the 

East proved injurious to the health of his wife, who, with a 

daughter and infant son, had followed him to Japan, and he 

reluctantly returned to the United States in 1877. He was 

decorated by the Emperor of Japan with the Order of the 

Rising Sun of Meiji, thus making him a nobleman of Japan, 

with the right to carry two swords, and he always regarded 

his life in Japan with the utmost satisfaction. 

On May 10, 1877, he was reappointed to the position in 

the Patent Office which he had resigned sixteen years before. 

He remained connected with that office until so much en¬ 

feebled by progressive paralysis that he could no longer per¬ 

form his duties, and relinquished the service on September 

30,1891. He was tenderly cared for by his daughters, dying 

on June 14,1893, in his seventy-seventh year, and was buried 

in Congressional Cemetery. 

Dr. Antisell was twice married; first to Eliza Anne Nowlan, 

of Dublin, who died after his removal to New York city, and 

a second time to Marion Stewart Forsyth, of Detroit, Michigan, 

daughter of a paymaster in the United States Army. He 

had twelve children, of whom three died in infancy. Six 

daughters and two sons survived him; both the latter re¬ 

moved to Montana some time before his death. 

In person Dr. Antisell was short and rather stout, with a 

florid complexion, especially in his younger days. In offi¬ 

cial life he had the reputation of being reserved and even 

somewhat brusque, but among his friends he was cordial and 

even warm-hearted, with an abundant supply of the wit and 

humor for which the Irish race have been always noted. 

The writer has abundant reason to remember many sponta¬ 

neous acts of kindness from him in our occasional early in¬ 

tercourse, which were greatly augmented when the changes 

of official life brought us into closer relations. 

During his whole career he was preeminently a teacher, 

especially of physiological chemistry, of which he had a 

thorough knowledge, as it was then understood. He was for 

thirty years connected with the Medical Department of 
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Georgetown University, from which he received the degree 

of Doctor of Philosophy. He was frequently in request as 

a lecturer before scientific bodies, and was connected with 

many scientific societies, such as the Royal College of Sur¬ 

geons, England; the Royal Dublin Society, the Geological 

Society of Dublin, the Philosophical Society of Washington, 

and corresponding member of the Academy of Natural 

Sciences of Philadelphia, and the Geological Society of New 

York; also Fellow of the American Association for the Ad¬ 

vancement of Science. He was one of the original founders 

of the Washington Chemical Society, being its first president, 

elected January 31, 1884; and he was the only honorary 

member ever elected of the Medical Association of the District 

of Columbia. Before leaving Ireland he published some 

small works, such as a “ Manual of Agricultural Chemistry 

with its Application to the Soils of Ireland,” Hodges & Smith, 

Grafton street, Dublin, 1845, and “ Irish Geology,” in 1846, 

and after his arrival at New York he wrote a “ Home En¬ 

cyclopedia of Arts and Manufactures,” 12mo, 1855, and a 

book on the “ Manufacture of Photogenic or Hydrocarbon 

Oils from Coal,” etc., 8vo, New York, 1859. He also made 

numerous contributions to technical literature in the shape 

of essays in Government reports, and addresses before scien¬ 

tific and educational associations, especially the colleges with 

which he was connected. 
Wm. H. Seaman. 

STEPHEN VINCENT BEN^T. 

1827-1895. 

[Read before the Society, May 23, 1896.] 

Brigadier General Stephen Vincent Benet, United States 

Army, died January 22,1895, at his home, 1717 I street north¬ 

west, in this city, aged just 68 years, having been born at 

Saint Augustine, Florida, January 22, 1827. He entered as 
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a cadet at the United States Military Academy in 1845, and 

served actively in the army from graduation, in 1849, to his 

retirement, in 1891, for about 42 years. He occupied an emi¬ 

nent position in his military career, and was identified with 

the important work of the Ordnance Department during this 

period, and attained distinction in a civil capacity as a writer 

and an authority on military law. 

His ancestors on both sides were of Spanish origin, and 

were among the first settlers of Saint Augustine. His father 

was a highly respected citizen of that place, and for a long 

time surveyor of the port. Young Benet passed through four 

years at the Hallowell school at Alexandria, Virginia, and 

then entered the junior class of the University of Georgia 

at the age of sixteen. It was intended that he should, on 

graduating from the university, enter the profession of law, 

but before completing his course there he was offered and 

accepted an appointment to the Military Academy, where he 

maintained a high standing and graduated number three in 

his class. He was the first cadet from the State of Florida, 

which was admitted to the Union March 3, 1845. His in¬ 

telligence, good habits, discipline of mind, and well-balanced 

physical and mental temperament were well developed during 

his student days, and served as elements of strength in his 

responsible and successful career through life. 

On graduation he was assigned directly to the ordnance, 

as a brevet second lieutenant. His studious habits were pre¬ 

served and his literary tastes made manifest, not only in the 

line of his chosen profession, but in that of his early predi¬ 

lection for the law. A translation from the French of Jornini’s 

account of the campaign of Waterloo was made by him and 

published in 1853, and his treatise on “ Electro-ballistic ma¬ 

chines and the Schultz chronoscope ” was published in 1873. 

When on duty at West Point, as assistant professor of geog¬ 

raphy, history, and ethics, he prepared his well-known treatise 

on military law and the practice of courts-martial, which was 

published in 1862 and afterward carried through several 

editions. This book was an authority on military law dur- 
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ing the period of the Civil War, and was for many years used 

as a text book at the Military Academy. In 1868 he served 

as assistant counsel in the Dyer court of inquiry, and ac¬ 

quitted himself with credit in the long and intricate pro¬ 

ceedings accompanying that case. In 1855 the University 

of Georgia conferred upon him the degree of A. M., and in 

1889 Georgetown University conferred that of LL. D. 

As an ordnance officer, Benet was promoted in due course 

through the consecutive grades of lieutenant, captain, and 

major, and, skipping those of lieutenant colonel and colonel, 

received the marked distinction of being promoted at once 

to be Chief of Ordnance, with the rank of brigadier general. 

In the meantime he had served as assistant at Watervliet, 

Frankford, and St. Louis arsenals, and in the Bureau at Wash¬ 

ington, and had two tours of duty at the Military Academy, 

first in the department of ethics and law, already mentioned, 

and afterward as instructor of ordnance and gunnery, at the 

head of that department. While serving in the latter ca¬ 

pacity, 1861-1864, he was also employed as inspector of ord¬ 

nance and projectiles and in experimenting at the West Point 

foundry with the Parrott rifled guns, which were extensively 

used during the war. In 1864 he was assigned to command 

the Frankford arsenal. He was thus during the period of 

the Civil War engaged upon most important duty connected 

with the proper manufacture and supply of war material, 

and for this reason his application to take an active part in 

the field operations was denied. By the act of Congress of 

March 13, 1865, he was made brevet major and brevet lieu¬ 

tenant colonel for faithful and meritorious service in the 

performance of these duties. 

His services in command of Frankford arsenal were con¬ 

spicuous for the successful introduction of the metallic car¬ 

tridge for breech-loading small arms in the United States 

service, and the unexampled development of the machinery 

for making this ammunition, in which he was ably assisted 

by Master Armorer R. Bolton and Foreman Jabez H. Gill. 

The Springfield rifle of this period was caliber .50. The 
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center-fire cartridge was adopted for manufacture October 5, 
1866, being chosen for its several apparent advantages over 
the rim-fire cartridge, which was then generally in use in 
arms made by private manufacturers. The proper develop¬ 
ment of breech-loading small arms had been chiefly retarded 
up to this period by the defects of the cartridge, but owing 
largely to what was then accomplished at Frankford arsenal 
in perfecting the cartridge, the successful and rapid develop¬ 
ment of breech-loading arms was assured. 

Appointed Chief of Ordnance in 1874, General Benet ad¬ 
ministered the affairs of that department for the seventeen 
years following with much ability and clear foresight into 
the rapid and extensive changes in ordnance construction 
that marked this period. He took special interest in the dis¬ 
semination of knowledge of current improvements to the 
whole army, and gave every encouragement to the officers of 
his own corps for study and investigation. Between 1873 
and 1884 there was published from the Ordnance office a series 
of 357 ordnance notes, now comprising 12 volumes, which 
were distributed to the army, and in 1882 there was instituted 
a series of more technical papers, entitled “ Notes on the Con¬ 
struction of Ordnance,” which is still continued and has 
reached the seventy-first number. 

General Benet always evinced a deep interest in the militia, 
and was instrumental in having the annual appropriation 
for it increased from $200,000 to $400,000. The splendid 
system of target practice in the army also owes much to his 

s efforts. The .45-caliber Springfield rifle was introduced in 
the service about the date of his accession, but before his 
retirement the preliminary steps had been taken to introduce 
the present service .30-caliber magazine rifle. Probably the 
most important change of recent years in ordnance has been 
the substitution of steel for cast and wrought iron in the con¬ 
struction of guns, and in this General Benet was an advanced 
advocate. He clearly foresaw the benefit of the change, and 
directed the experiments necessary to lead up to it in a man¬ 
ner that made it an assured success, and, following this, under 
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many difficulties and embarrassments, succeeded in establish¬ 

ing the extensive factory for steel guns which is now in opera¬ 

tion at Watervliet arsenal, West Troy, New York. 

He was happily married in 1856 to Miss Laura Walker, 

of Kentucky, who survives him, with two sons, Captain J. 

Walker Benet, Ordnance Department, United States Army, 

and Lawrence Y. Benet, Ordnance Engineer of the Hotchkiss 

Ordnance Company. 

Rogers Birnie. 

THOMAS LINCOLN CASEY. 

1831-1896. 

[Read before the Society, May 23, 1896.] 

One of the forty-three signers of the initiatory letter to 

Professor Joseph Henry, in the early months of the year 1871, 

looking to the establishment of the Philosophical Society of 

Washington and requesting him to preside at its first meet¬ 

ing for organization, was Major Thomas Lincoln Casey, of the 

Corps of Engineers, United States Army, then in charge of the 

Division of Fortifications in the office of the chief of that 

corps. He had been stationed in Washington somewhat 

more than three years and had become well known among 

the learned men of the city for his interest in and acquaint¬ 

ance with the sciences qualifying him to aid materially in 

the foundation of this Society. 

He was born on May 10, 1831, at Madison Barracks, 

Sacketts Harbor, New York, where his father, the late Brevet 

Major General Silas Casey, a regular army officer and grad¬ 

uate of the West Point Militar}^ Academy, was then stationed. 

Naturally the child thus born and growing up in the army 

became a part of it, following the steps of his father and en¬ 

tering the Military A cademy himself at the age of seventeen, 

on July 1, 1848. From this time onward to the day of his 

death his career was unusually successful and brilliant. It 
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is probably quite true to say that he failed in nothing that 

he undertook, great or small. 

He was soon near the head of his class at West Point, then 

first captain of the Corps of Cadets, and finally at the very 

head of his class on graduation. Being then, July 1, 1852, 

promoted to brevet second lieutenant in the Corps of Engi¬ 

neers, he was assigned to duty on the construction of Fort Del¬ 

aware and on river and harbor works for two years. During 

the next five years he was assistant instructor and then prin¬ 

cipal assistant professor of engineering at the Military Acad¬ 

emy. From 1859 to 1861 he was in command of engineer 

troops in Washington Territory, one of the works there ac¬ 

complished being the construction of a wagon road from 

Vancouver to Cowlitz river, through the difficulties presented 

by primitive forest and remoteness from civilization. This 

road was the first land communication between the Colum¬ 

bia river and Puget sound. 

In the first year of the rebellion, 1861, he returned to the 

East and served as assistant engineer on the staff of the com¬ 

manding general of the Department of Virginia. At this 

time he reached the rank of captain in his corps, when, al¬ 

though but thirty years of age, he was immediately ordered 

to take charge of the construction of the several heavy per¬ 

manent fortifications on the coast of Maine, consisting of 

Forts Preble, Gorges, and Scammell, in Portland harbor; 

Fort Popham, at the mouth of the Kennebec river, and Fort 

Knox, at the narrows of the Penobscot river—operations re¬ 

quiring the maturest engineering and administrative ability. 

All these were masonry forts of the highest order in solid 

granite and brick-work. At that critical period, with the 

activity incident to extensive military operations in the field, 

great demand was made on the professional resources of the 

Corps of Engineers, and it was a high honor for a young 

captain to be entrusted with so responsible a duty. It was 

necessary that he should work out problems of management 

inevitably new to a young man, for those works were not 

only extensive individually, but numerous and widely sep- 

54—Bull. Phil. Soc., Wash., Vol. 13. 
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arated along a coast at that time slow to traverse, where 

tidal foundations had to be considered, workmen trained and 

organized, water transportation provided, and the rigors of 

Maine winters encountered. But the celebrated General 

Totten, then for many years the chief of the corps, knew his 

man, and that he possessed the qualities of good sense, in¬ 

genuity, and perseverance, as well as sterling ability and 

integrity, warranting the trust reposed in him. These char¬ 

acteristics had been up to that time, and were ever after¬ 

ward throughout his whole career, so evident that his supe¬ 

riors never seemed to feel hesitation in assigning him to any 

duty whatever. 

For six years he carried forward the construction of these 

forts, bringing them within the first three years to a high 

condition of efficiency—excellent progress for works of that 

kind at that time. 

On March 2, 1863, Captain Casey became a major in his 

corps, and in that year was sent on special duty with the 

North Atlantic squadron in the first expedition for the cap¬ 

ture of Fort Fisher, North Carolina. Many other duties of 

an important nature were performed by him during those 

years. 

On November 18,1867, Major Casey came to Washington 

to enter upon the duty in which he was engaged when he 

took part in the founding of this Society. 

At the first meeting of the Society, on March 13, 1871, he 

was elected a member of the General Committee, to which 

he was twice reelected, serving continuously for three years. 

In the early years of the Society he was active in its affairs 

and a frequent attendant at its meetings, occasionally taking 

part in the discussions. In the later years increased duties 

and responsibilities and less robust health combined to with¬ 

draw him from further activit}^ in the Society and keep him 

at home with his family during most of his leisure hours, 

although he continued his membership to the last. 

On March 3, 1877, he was relieved from duty in the office 

of the Chief of Engineers and placed in charge of the con- 
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struction of the new building for the State, War, and Navy 

Departments, then about one-quarter built, the care and main¬ 

tenance of the Washington aqueduct, and the Office of Pub¬ 

lic Buildings and Grounds in the city of Washington. The 

condition of affairs at that time called for a strong, fearless, 

tactful, active, judicious officer, qualifications that Colonel 

Casey was known to possess. In a very short time the busi¬ 

ness and operations that had become loose and uncertain 

were proceeding by simple, direct, and expeditious methods, 

doubts as to the outcome being dispelled and large sums of 

money saved in all directions. In this way the State, War, 

and Navy building was completed, as proposed a few years 

before, on March 1, 1888. Had the Washington Aqueduct 

remained in his charge, instead of being transferred to other 

hands when the extension of the conduit to the heights north 

of the city was undertaken, the misfortune of the so-called 

Lydecker tunnel would never have occurred. 

Hardly had Colonel Casey mastered the main questions 

involved in the management of the construction of the great 

department building and the other affairs referred to when 

he was ordered to add to his duties that of engineer to the 

joint commission created by Congress for the completion of 

the Washington monument. For nearly a quarter of a cen¬ 

tury a short but heavy section, 156 feet in height, of a pro¬ 

posed obelisk of some 600 feet for this purpose, had stood 

awaiting the provision of means for its continuance and com¬ 

pletion. Finally the Congress accepted the responsibility, 

and received the work from the hands of the society which 

had hitherto had control of it. Investigation proved that 

the foundation was entirely inadequate to carry the proposed 

shaft, and that the first requisite was to sufficiently strengthen 

it, if possible and practicable. No adequate plan for this had 

been proposed, and when Colonel Casey took charge, on June 

25, 1878, he found himself face to face with an entirely new 

and most difficult engineering problem. The sentiment 

against removing the old masonry, and building entirely 

anew, with a new foundation, the great weight of the existing 
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masonry, and the known weakness of the foundation, all ren¬ 

dering operations on it exceedingly delicate, were most serious 

elements in the case. What sort of strengthening was needed 

and how to execute it safely were the questions. The problem 

was at once attacked with characteristic vigor and energy by 

Colonel Casey. Night and day for a few weeks the subject 

was studied and plans of operations devised, and in the amaz¬ 

ingly short space of one month from the day he took charge 

an original project was prepared and submitted to the joint 

commission, which immediately approved it. The work was 

undertaken as soon as materials and machinery could be 

procured, and the extremely delicate operation of underpin¬ 

ning and buttressing with concrete a foundation carrying 

some 35,000 tons on an earth bed yielding under its enormous 

load at every touch was successfully accomplished in less than 

a year and a half. The structure naturally moved somewhat 

during the operations, leaning slightly one way and another 

as the inevitable slight settlements took place, but the alge¬ 

braic sum of these movements was zero, and the total settle¬ 

ment of the center of gravity only about 2J inches. The 

performance of this wTork properly gained for its engineer a 

world-wide reputation, particularly in the profession of civil 

engineering, but the special problems of the completion of 

the whole monument had not all been solved in the founda¬ 

tion. The construction of the shaft proper was a compara¬ 

tively simple matter, but its walls were necessarily made as 

thin as possible to reduce to a minimum the load on the 

foundation, and this led to the unique problem of placing, 

without the use of metal, a stone apex or pyramidion, 55 feet 

in height, on the 18-inch edge of the four walls of the square 

shaft, whose sides were 34 feet 5J inches in length, at 500 feet 

above the ground. This square was entirely hollow, without 

cross-ties of any kind. The design and execution of this por¬ 

tion of the monument was also expeditiously accomplished, 

and on December 6, 1884, Colonel Casey himself set the cap¬ 

stone, amid the cheers of the people and the salute of cannon, 

and the monument was successfully finished, six years after 
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he took charge of it. The graceful proportions of the shaft 

largely resulted from the taper fixed by the original builders, 

but those of the pyramidion were the result of his own in¬ 

vestigation, bringing the noble pile to that acme of delicate, 

beautiful simplicity which, combined with the whiteness of 

its material, reflecting the ever-changing atmosphere and 

cloud colors, makes it an object of unceasing admiration by 

all beholders. Such a desirable outcome was not anticipated 

by the public, which hardly knew what the real proportions 

of the monument were to be, until the apex was set and the 

structure finally laid bare to be viewed as a whole. 

The manner in which Colonel Casey carried through this 

particular work is the best illustration of his qualities as a 

man. No man of less tenacity of purpose, force of character, 

energy, and industry could have accomplished it in so short 

a time. Nothing that he ever undertook was allowed to lag 

for a moment. He was uneasy and under strain constantly 

until the point under consideration was settled or the work 

in hand finished. 

He became a colonel in the Corps of Engineers in 1884 

and in 1886 president of the Board of Engineers for Fortifi¬ 

cations in New York city, where he remained until 1888, 

when he was appointed brigadier general and chief of his 

corps, and returned to spend the remainder of his days in 

Washington. At this time Congress was in a dilemma re¬ 

garding the construction of the new building for its library 

on Capitol Hill. The work having been begun was proceed¬ 

ing unsatisfactorily. Uncertainties as to its ultimate cost, 

design, and time of construction had so impressed Congress 

that it was quite on the verge of suspending the operations 

indefinitely when the return of General Casey to Washington 

determined them to place the whole charge independently 

upon his shoulders, one of the highest compliments ever 

paid by Congress to the sound sense, judgment, and real use¬ 

fulness of an individual. The law was promptly passed, and 

on October 2, 1888, he took charge of the work. The office 

was at once reorganized on the simplest business lines, and 
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from that day the work, beginning with the foundations, 

moved in a quiet and uninterrupted progression until nearly 

completed at the time of his death. Without premonition 

he was taken suddenly ill on his way to the Library building 

on March 25, 1896, and in a few hours passed away. 

Throughout his whole professional life he was constantly 

in busy harness, generally charged with heavy and responsi¬ 

ble works and duties far more numerous and absorbing than 

even those here specially mentioned would indicate. As a 

member of his corps in the army, he was ever intensely loyal 

to its best interests and jealous of its good name as a servant 

of the Government. 

In conversation and business he was direct, thorough, and 

painstaking, considering in advance every step in detail. 

His nature was unusually sensitive, causing him often to 

be blunt in manner, especially to strangers, and to have a 

keen eye for men with selfish motives; but he was always 

frank and outspoken, and those who knew him well realized 

his solid honesty and kindness of heart. He possessed a re¬ 

markably social and genial disposition and a lively sense of 

humor, and his friendships, though not numerous, were of the 

sweetest and heartiest kind. 

He wrote little and rarely appeared in public, but almost 

constantly confined himself to the Government duties in 

which his life was bound up. 

General Casey was a member of the National Academy of 

Sciences, an officer of the Legion of Honor of France, mem¬ 

ber of the Society of the Cincinnati, Loyal Legion, Century 

Association of New York, and New England Historical and 

Genealogical Society. 

In early life he married Emma Weir, daughter of Prof. 

Robert W. Weir, of the Military Academy, who, with two sons, 

Captain Thomas L. Casey, of the Corps of Engineers of the 

Army, and Edward P. Casey, an architect in New York city, 

survives him. 
Bernard R. Green. 
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DANIEL CURRIER CHAPMAN. 

1826-1895. 

[Read before the Society, October 24, 1896.] 

Iii complying with the request to present a memorial 

address of our late associate, Daniel Currier Chapman, a 

duty I can hardly hope to perform with justice to the man, 

a high appreciation is felt of the privilege of preparing for 

the archives of the Society the record of his successful 

labors. 
Mr. Chapman was born at South Corinth, Vermont, Octo¬ 

ber 27,1826, and died in Washington, January 3,1895. He 

was the son of a farmer and miller, said to have been one of 

the progressive men of his district, and gifted with a me¬ 

chanical skill that enabled him to make his own improved 

implements of labor. The son inherited the skill in me¬ 

chanics that later in his life did him good service and helped 

him to render the valuable assistance uniformly accredited 

to him by his employers. 

As a boy and youth he labored on a farm in summer to 

earn the money for his winter schooling, until his gradua¬ 

tion from Bradford Academy. After teaching school several 

winters he went to Manchester, New Hampshire, and learned 

the trade of machinist. In 1852, at the age of twenty-six, he 

moved to New York, and seems to have established himself 

as a machinist, with a more ample range for his inventive 

skill. At this time, it is said, he produced the first button¬ 

hole machine ever made; he was also engaged in manufact¬ 

uring the separate parts of sewing machines, then in their 

earlier stage of development. 

In 1863 Mr. Chapman purchased a small gallery in the 

upper part of the Bowery, in New York, and laid the foun¬ 

dation for the reputation he subsequently earned as an ex¬ 

pert, or, more properly, a scientific, photographer. His skill 

as a mechanic was, doubtless, of great help to him in these 
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early days of photography, as it was subsequently, when 

called upon, in the application of the art to the more precise 

measurements of scientific work. The late Prof. Louis W. 

Rutherfurd, doubtless attracted by the reputation Chapman 

had acquired, combining the qualities of mechanician and 

photographer, had employed him at intervals for a number 

of years, and secured his services for the observatory in 1868. 

When we recall the nature of the investigations Professor Ruth¬ 

erfurd was then engaged upon, we can realize the wisdom of 

his selection. Mr. Chapman continued at the Rutherfurd 

Observatory until 1879, when he accepted an offer from Dr. 

Henry Draper; and in February, 1882, he received an ap¬ 

pointment, under the Superintendent of the Coast and Geo¬ 

detic Survey, in the United States Bureau of Weights and 

Measures. During these fourteen years Mr. Chapman won 

the friendship of many men of science, and is remembered 

by them for his valuable services to Professor Rutherfurd. 

It was during this period, also, that he gained his greatest 

reputation as a photographer, his development of some of 

Professor Rutherfurd’s negatives proving almost marvelous 

in their effects. In 1870 he accompanied one of the United 

States parties, as photographer, to observe the eclipse of the 

sun. While’ employed in the Bureau of Weights and Meas¬ 

ures his skillful work was highly appreciated, and was prob¬ 

ably most fully exemplified, in ruling gratings with a little 

machine of his own construction worked by electric power. 

In February, 1886, on my solicitation, Mr. Chapman was 

transferred to the position of electrotyper and photographer 

in the engraving division of the Coast and Geodetic Survey 

Office. This division was at that time my personal charge, 

and continued under my direction until shortly after his 

death. The last nine years of his work were, therefore, under 

my supervision. In this time I learned more fully to appre¬ 

ciate the man, his sterling integrity, unity of purpose, and 

unflagging energy in solving the problems that beset us. I 

found him a man with a large fund of information, but so 

unostentatious that it was only in the heat of discussion I 
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could sound the depths of his knowledge. Association with 

him was a pleasure I can only look back upon, but the lessons 

taught me in his experience are treasures to be ever remem¬ 

bered. 
In electrotyping, Mr. Chapman essayed a new role, but his 

studies in electricity and practical experience with its appli¬ 

cation in other branches equipped him, with very brief in¬ 

structions, to undertake the work and carry it on most suc¬ 

cessfully. I need not enter upon the difficulties he overcame, 

nor the experiments he conducted while obtaining a mastery 

of the subject, interesting and creditable as they were; let it 

suffice that in the end he secured an average increase in de¬ 

posit of reguline copper of over 30 per cent, with the same 

consumption of fuel—in this case the zinc battery plates— 

and at times almost reached the maximum deposit to be ob¬ 

tained with a perfect plant. As photographer he had only to 

adapt his knowledge to a new class of work, but, learning the 

requisite conditions, he was not satisfied until he had filled 

them and could furnish photographic prints for the engraver’s 

use on the exact scale proposed for the engraving. His marked 

ability as a mechanic helped him in this, as in other work, 

having devised and constructed a machine for adjusting to 

true scale prints of negatives from a distorted drawing; but 

his reputation as a photographer was made long before his 

entry upon the Survey—a reputation that has been cordially 

expressed in a recent number of the Photographic Times, and 

to which I am indebted for some of the facts of his life re¬ 

ferred to in this paper. 

Mr. Chapman was elected a member of the Philosophical 

Society December 22,1888. He was a constant attendant at 

the meetings, contributed to the discussions, and evinced a 

laudable interest in the welfare of the Society. He was a life 

member of the Polytechnic Club of the American Institute of 

New York City and a member of the National Geographic 

Society. 

If our success in life is measured by the warmth of the 

friendships we leave behind us, or by the record of the work 

55-Bull. Phil. Soe., Wash., Vol. 13. 
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we have accomplished in our careers, Mr. Chapman was a 

successful man. But these are the product of honor and in¬ 

telligence, the embodiment of the Christian spirit, whatever 

may be our professed belief. Under the guardianship of an 

upright life, Mr. Chapman held the doctrines of pronounced 

spiritualism, and surely we can wish for him now no happier - 

fate than the realization of the belief of his manhood. 

Herbert G. Ogden. 

GEORGE EDWARD CURTIS. 

1861-1895. 

[Read before the Society, May 29, 1897.] 

George Edward Curtis was born July 8, 1861, at Derby, 

Connecticut, and died February 3,1895, at Washington, D. C. 

His father, George S. Curtis, and his mother, whose maiden 

name was Catherine Lewis Curtis, were descendants of the 

Curtises who settled at Stratford, Connecticut. 

He lost his father when but fifteen months old. An only 

child, he was much with his mother, and early developed a 

love for books and an ambition to get a college education. 

His youth was spent in his native town, where he attended 

the public schools and fitted for Yale College, entering that 

institution in 1878. 

His life was so regular and methodical that it contained 

few incidents of unusual importance. He was of small stature 

and always bore himself erect. His sense of justice and 

equity was acute, and he possessed a consideration for the 

feelings of others which brought him to their defense. The 

principal of a school Curtis once attended placed in the 

school a copy of Harper’s Weekly. At that time the paper 

was, to say the least, radically anti-Catholic. Young Curtis, 

desirous of defending such of his schoolmates as might take 

exception to the paper, wrote a very able criticism concerning 

the matter. Although only a schoolboy’s composition, in 
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finish and argument it would have done credit to one of much 

maturer years. 
He had a keen appreciation of humor in others, but pos¬ 

sessed little in his own constitution. Not precocious, though 

gifted, he was conscious that success demanded the best use 

of all his energies. His school friends say he never had 

time for anything but work. 

Early in life he became a Christian and member of the 

Methodist Episcopal Church. During his residence in Wash¬ 

ington he was a member of the Congregational Church. His 

bright and sunny disposition brought him many friends. 

In college he was very enthusiastic in his work and took 

the first prize in mathematics in his sophomore year, as well 

as the first mathematical prize in his senior year and the 

prize for solution of astronomical problems. A good student 

in all subjects, he excelled in mathematics, and graduated 

with honor in 1882, twelfth in a class of 13 9. In 1887 he was 

granted the degree of A. M. in recognition of his advanced 

work. 

About the year 1880 the National Weather Service, then 

known as the Signal Corps of the Armjq was reorganized by 

General Hazen, thus opening up a new and attractive field 

of activity for young college men with a taste for meteorology. 

In March of 1883 Mr. Curtis enlisted in the service and en¬ 

tered upon his new career with enthusiasm. He came well 

equipped for the physical problems to be dealt with. He 

was at once assigned to duty in Washington with Mr. C. A. 

Schott, of the United States Coast Survey, who was engaged 

upon the reduction of the magnetic observations of the in¬ 

ternational polar stations at Lady Franklin bay and Point 

Barrow. After the completion of this work Mr. Curtis was 

for several years associated with Professor Abbe in the general 

scientific work of the Weather Bureau. His work during 

this period called forth high praise from Professor Abbe, who 

recognized in Mr. Curtis a man of excellent abilities and one 

well equipped to do original scientific work. 

In 1884 Mr. Curtis published his first contribution to 
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science, “The Effect of Wind Currents on Rainfall,” which 

appeared as one of the series of Signal Service Notes of the 

Weather Bureau. Mr. Curtis rendered valuable assistance in 

the preparation of certain sections of Professor Abbe’s “Trea¬ 

tise on Meteorological Apparatus and Methods,” which formed 

part 2 of the Annual Report of the Chief Signal Officer for 

1887. Probably the best work which he did while connected 

with the Weather Bureau is contained in this treatise and 

in papers embodying studies made in connection with the 

preparation of this report. 

In September of 1887 Mr. Curtis was assigned to duty at 

Topeka in connection with the work of the Kansas State 

Weather Service; he remained there only a few weeks, how¬ 

ever, before severing his connection with the Weather Bureau 

to become associated with Washburn College, in Topeka, as 

assistant professor of mathematics. This position he held 

until December of 1890, when he received an appointment 

in the United States Geological Survey. Under the direction 

of Captain Dutton he took up the meteorological problems 

connected with the irrigation survey of the Western States 

and Territories. His duties in the survey enabled him to 

live an outdoor life in the high and dry plateau regions of 

the West—a matter of vital importance to him, as symptoms 

of tuberculosis were already apparent. Mr. Curtis remained 

in the West until June, 1890, and then returned to Wash¬ 

ington to work up the results of his observations. In August 

the work of the irrigation survey came to an end, and Mr. 

Curtis accepted a position in the Smithsonian Institution. 

Here he was chiefly engaged upon the revision of the Smith¬ 

sonian meteorological tables. He also assisted Professor 

Langley in the preparation of his memoir on “ Experiments 

in Aerodynamics,” in the preface of which the author refers 

to Mr. Curtis as giving most efficient aid in the final computa¬ 

tions and reductions. 
In the summer of 1890 Congress authorized the expendi¬ 

ture of a large sum of money for carrying on experiments 

in the artificial production of rain. These experiments were 
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carried on mostly in Texas, under the direction of a special 

agent appointed by the Secretary of Agriculture. Mr. Curtis 

was appointed meteorologist to accompany the expedition 

and report directly to the Secretary of Agriculture. His re¬ 

port, which attracted attention at the time, was unfavorable 

to the claims of the leader of the expedition and did not find 

place in the official report of the experiments, but was pri¬ 

vately printed in several scientific journals. 

While connected with the Smithsonian Institution Mr. 

Curtis prepared the definitions of the meteorological words 

from M to Z of the Century Dictionary. He was also asso¬ 

ciated with Professor Abbe in the establishment of a course 

of instruction in meteorology in the Columbian University. 

After three years’ residence in Washington Mr. Curtis found 

it necessary, on account of dangerous symptoms, to return to 

the dryer regions of the West. He reentered the United 

States Weather Bureau and was assigned to duty at Tucson, 

Arizona, in December of 1893. Here he remained only six 

months. Not getting the relief he hoped for, he wandered 

from place to place in Arizona and Colorado in the vain hope 

of improving his health. In January of 1895, despairing of 

recovery, he returned to Washington to spend his last days 

among his many friends. 

While devoting his best energies to the study of meteor¬ 

ology, Mr. Curtis always maintained a lively interest in other 

fields of inquiry and in the absorbing events of the day. He 

delighted in controversy. Aggressive in manner, he was 

always a conspicuous figure in a discussion. His strong aver¬ 

sion to the military organization of the Weather Bureau, 

combined with a spirit of independence, brought him into 

frequent collision with higher officials. This disposition 

doubtless stood in the way of a more rapid advancement in 

the service which his abilities merited. 

J. S. Diller and 0. L. Fassig. 
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ROBERT EDWARD EARLL. 

1853-1896. 

[Read before the Society, May 23, 1896.] 

Robert Edward Earll died at Chevy Chase, near Washing¬ 

ton, March 19, 1896. He was a native of Illinois, whither 

his parents had gone as pioneers in 1835, settling in the 

northeastern part of the State, near Lake Michigan. 

His father, Robert C. Earll, a native of the State of New 

York, belonged to the well-known Earle family of New Eng¬ 

land, the peculiar spelling of the name with the double 

terminal “1” having been adopted by himself. His mother, 

Sarah Montgomery, was of Virginian parentage. 

Mr. Earll was born at Waukegan, August 24, 1853, and 

was prepared for college in the public schools of his native 

town. In 1873 he entered the old University of Chicago, 

where he remained one year, then was transferred to the 

Northwestern University at Evanston, where he was gradu¬ 

ated in 1877 with the degree of Bachelor of Science, sub¬ 

sequently obtaining, in due course, that of Master of Science. 

He had a fondness for natural history, and through the 

influence of Mr. James W. Milner, a fellow-townsman and a 

graduate of the same university, who was at that time deputy 

United States Commissioner of Fisheries, he secured a posi¬ 

tion upon the United States Fish Commission, and was ap¬ 

pointed to the position of fishculturist by Professor Baird in 

1877. In 1878 he was transferred to the scientific staff of 

the Commission, and engaged in the same summer upon work 

at the Gloucester station. 

From 1879 to 1882 he was employed as special expert in 

the Fisheries division of the Tenth Census, and collected the 

statistics of the sea fisheries of northern New England and 

of the Middle and Southern States. 

In 1883 he was appointed a member of the staff of the 

United States Commissioner to the International Fisheries 
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Exhibition in London, and rendered efficient service as exec¬ 

utive officer and deputy of the Commission. His remarkable 

aptitude for exposition work was first demonstrated on that 

occasion. 

Shortly after his return from London, in 1883, he was 

appointed chief of the Division of Fisheries in the Fish Com¬ 

mission, and also an honorary curator in the National Mu¬ 

seum. In 1888 he resigned his place in the Commission and 

became a regular member of the Museum staff. In this ca¬ 

pacity he served for the remainder of his life, much of his 

time being occupied in work for the several expositions in 

which the Smithsonian Institution has participated. He was 

chief executive officer for the Institution at Louisville in 1884, 

at New Orleans in 1885, at Cincinnati in 1888, at Chicago in 

1893, and at Atlanta in 1895, and for three years past has 

also acted as editor of the Proceedings and Bulletins of the 

National Museum. 

He was a man of great force of character, and recognized 

as one of the most efficient of exposition administrators. His 

unselfish devotion to his work and his absolute trustworthi¬ 

ness were appreciated by all who knew him. 

He published a considerable number of important papers 

upon the habits of fishes and the methods of the fisheries. 

He made extensive collections upon the Atlantic coast and 

the Great Lakes, and discovered many species of fishes and 

invertebrates new to science. He was one of the best authori¬ 

ties upon the natural history of our anadromous fishes. 

He was also a skillful and ingenious fishculturist, and ren¬ 

dered excellent service in the early experimental work in 

the propagation of the shad and in the establishment of the 

cod-hatching station at Gloucester, Massachusetts. 

He was a man of the purest personal character and deeply 

interested in philanthropic work, and the time which was his 

own was devoted chiefly to efforts for the moral and material 

good of others. His reputation as a naturalist would un¬ 

doubtedly have been more widely established had he confined 

his efforts entirely to research. He chose, however, to give 
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his attention chiefly to administrative work, and his efficiency 

in this was of the highest character. 

He was a man who, more than almost any whom I have 

known, corresponded to Emerson’s ideal of independence. 

He did what concerned him, not what others thought he 

ought to do. In the midst of the crowd “ he kept with per¬ 

fect sweetness the independence of solitude.” 

G. Brown Goode. 

WILLIAM WHITNEY GODDING. 

1831-1899. 

[Read before the Society January 6, 1900.] 

William Whitney Godding, the subject of this memoir, 

was of English descent, but his ancestors had resided in Mas¬ 

sachusetts for three or four generations. He was born in the 

town of Winchendon, in Massachusetts, May 5, 1831. His 

native place is a typical New England town—clean, bright, 

well lighted, well paved, and with the never-failing public 

library, lyceum, and school-house. It is a picturesque place. 

A busy manufacturing town forms a part of it, and beyond 

is the “ middle town,” as it is called, full of comfortable resi¬ 

dences. A friend who accompanied Dr. Godding’s remains 

to their place of interment in Winchendon describes the resi¬ 

dence in which he was born as an old-fashioned house, with 

curious gables and broad piazzas, embowered in maples and 

fruit trees, and with a fragrant flower garden in front. In 

the distance the towering peak of Monadnock, in New Hamp¬ 

shire, was clearly visible. 

In the life of a man who has attained to high distinction 

it is always interesting to be made aware of the surround¬ 

ings which influenced his boyhood days. 

Our friend’s father was Dr. Alvah Godding, a well-edu¬ 

cated, well-cultured physician, whose skill, kindness, and 

benevolence are remembered to this day. He was emphat- 
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ically the “ poor man’s doctor,” for his unpaid service was 

given without stint to the poorest and humblest of his neigh¬ 

bors. This tender generosity of mind was amply inherited 

by his distinguished son. 

Dr. Godding’s mother was Mary Whitney, of an English 

family of that name which settled in Waterford, Massachu¬ 

setts, in 1635. She was a woman of remarkable character, 

strong in her beliefs, an admirable mistress of her household, 

devoted to her good husband and her children, and so force¬ 

ful that a minister once said of her, that “ half a dozen men 

with her firm convictions and moral courage would revo¬ 

lutionize a town.” 

It was under the training and example of such parents 

that young Godding grew up as a boy. He was educated at 

the district school, and later at a private academy. In his 

sixteenth year he was sent to Brown University, at Provi¬ 

dence, Rhode Island. He had not been there many months 

before he was convinced that he needed a more thorough 

education to prepare him for a collegiate course. He went 

therefore to an academy in Andover, Massachusetts, where 

he passed two years in diligent study. In the year 1850 he 

entered the freshman class at Dartmouth College, where he 

graduated as Master of Arts in 1854, being then 23 years of 

age. After graduating he began the study of medicine in 

his father’s office. Later he was sent to New York, and 

passed a year in the College of Physicians and Surgeons. 

Twelve months after his return he received the degree of 

Doctor of Medicine from the Medical College of Castleton, 

Vermont. Being now fully equipped for his professional 

career, he was associated with his father in the practice of 

medicine at Winchendon, but eighteen months later, in June, 

1859, he accepted the position of assistant physician in the 

State Hospital for the Insane at Concord, New Hampshire. 

It was in this way that he entered upon the study and care 

of the insane, which was to be his life’s work and source of 

distinction. Marrying in 1860, he took his wife to the Con¬ 

cord Hospital and remained there two years longer, when 

56—Bull. Phil. Soc., Wash., Vol. 13. 
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he resigned his position and entered upon the practice of 

medicine in Fitchburg, Massachusetts. This was the only 

break in his long career as a psychiatrist. At the end of a 

year he was offered by the late Dr. Charles H. Nichols, then 

superintendent of St. Elizabeth, the Government Hospital 

for the Insane, the position of second assistant physician in 

that institution. He came to Washington in September, 

1863, and in the following seven years he established a high 

reputation for indefatigable industry and for skillful and 

tender care of the hapless beings under his charge. So well 

had he become known that in 1870 he was appointed super¬ 

intendent of the State Hospital for the Insane at Taunton, 

Massachusetts. He remained there seven years, and Dr. 

Crayke Simpson, who has written a most loving and grace¬ 

ful tribute to his deceased friend, and to whose memoir I am 

indebted for much of the foregoing details, says that Dr. 

Godding always looked back upon that period as the hap¬ 

piest years of his life. He was in his native State, for which 

he entertained a most loyal affection, and he felt the satis¬ 

faction which an able man experiences in the consciousness 

of thorough discharge of his duties. In 1877 Dr. Nichols 

resigned his position as superintendent of St. Elizabeth in 

order to accept the superintendency of the Bloomingdale 

Asylum in New York city. He recommended to the Board 

of Visitors and the Secretary of the Interior the appointment 

of Dr. Godding as his successor. 

Dr. Godding assumed the office in September, 1877, and 

remained in it until his death. The work which he achieved 

in those twenty-two years can only be briefly alluded to in 

this sketch, but it may be justly characterized as immense. 

His high character, his earnestness, and his genial manner 

soon acquired for him the confidence of men in official sta¬ 

tion. As a result, he succeeded in obtaining liberal appro¬ 

priations of money from the Congress, with which substantial 

buildings were erected, and the grounds were laid out in a 

tasteful manner for the comfort and enjoyment of the patients- 

It is to be remembered that not only the insane from the Dis- 
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trict of Columbia, but insane patients from the army and 

navy, and from the numerous homes for disabled volunteer 

soldiers are received at St. Elizabeth. 

During the past year insane soldiers have been brought 

thither from Manila even to find a kindly refuge until reason 

may be restored or death bring a happy escape. It may seem 

strange that soldiers, young and active men, should furnish 

such a contingent to the hospitals for the insane. It is to be 

remembered that this occurs chiefly among volunteers, men 

who without the preliminary training of the soldier have 

left the farm and the village to take part in the tragic scenes 

of war. During the war of the rebellion many a man was 

found in a ragged uniform wandering aimlessly through the 

county, his “ descriptive list ” gone, and no means of identi¬ 

fication possible. Such unfortunates were sent to the nearest 

State asylum, where the Government humanely provided for 

them, and many hundreds lived and died in these places, 

unknowing and unknown. In some instances, when reason 

was recovered, friends were sent for and carried away a rela¬ 

tive literally “ called back to life.” There is something very 

pathetic and not generally thought of in the fate of these 

victims of war’s “ fierce alarms.” 

In the last report of the Government hospital, under Dr. 

Godding’s care there were nearly 2,000 patients under treat¬ 

ment. Think of the incessant watchfulness and vigilant care 

needed to provide the feeding, clothing, nursing and treat¬ 

ment of such an army of the diseased in mind, many of whom 

are turbulent and hopelessly mad. The superintendent has 

the assistance of five zealous and able assistants, besides a 

“ night physician,” whose title indicates his duty; but Dr. 

Godding was the ruler, and to him all repaired for counsel 

and aid. He never failed to meet them—officers, nurses, at¬ 

tendants, and patients—with kind words of encouragement, 

ready advice, and the exercise of authority to remedy their 

difficulties. 

It has been often felt to be a matter of grave regret that 

the engrossing household cares, to use a familiar phrase, 
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should fall to the lot of the superintendent of a hospital for 

the insane. It would seem better that such a man should 

be able to devote himself exclusively to the care of his 

patients, to the study of the varying phases of insanity, and 

to the perusal of the writings of his confreres in such pur¬ 

suits. Instead of these lofty occupations, he is in fact obliged 

to serve, in military phrase, as quartermaster and commis¬ 

sary for a small army of patients, attendants, and skilled and 

unskilled laborers. He must understand the running of the 

powerful engines required to supply the water and to keep 

the great fans moving which pump fresh air into the hospital. 

If new buildings are to be erected and old buildings repaired 

and altered, the superintendent must oversee the work as it 

is done. It can be imagined that with such constantly re¬ 

curring claims for his attention there can be but little time 

available for his intellectual work. The attempt to separate 

these purely administrative duties from those of the physician 

in charge has been tried, but, it must be admitted, with no 

satisfying result. The functions of the administrative official 

have been found to clash with those of the scientific superin¬ 

tendent. The latter is undoubtedly the best, indeed the only, 

judge as to what is needed for his patients. In spite of theory, 

therefore, our great hospitals for the insane are still managed 

on the old plan. It is true that in most cases the man who 

has reached the high position of superintendent is one whose 

force of character and long experience has fitted him for his 

arduous task. Dr. Godding was one of these, and notwith¬ 

standing the heavy drafts upon his time from his adminis¬ 

trative duties, he found leisure for professional studies and 

for the lighter elegancies of English literature, of which he 

was a diligent student. He had a warm love of poetry, and 

indeed had a happy faculty of composing graceful verses. 

Of the many societies which elected Dr. Godding to member¬ 

ship, I think perhaps he enjoyed the meetings of the Literary 

Society of Washington more than any others. It was a relief 

and a happiness to throw off the cares of his great office and 

listen to essays on pure literature. He took a ready part in 
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the ensuing discussions, and occasionally gave us a paper of 

his own. He was at one time president of the society. 

Dr. Godding was a member of the Philosophical Society 

during twenty years, but I cannot find that he ever read 

anything before us. His own studies were exclusively pro¬ 

fessional, and he had that recommendable quality of never 

speaking of what he did not thoroughly understand. Though 

firm and courageous in the discharge of his official duties, 

Dr. Godding was essentially a modest, unobtrusive gentleman. 

His published writings were numerous, but all related to his 

especial line of work. He was a member of many distin¬ 

guished scientific and medical societies, a list of which forms 

an appendix to this memoir. 

In his family relations Dr. Godding was to be seen at his 

best. Adored by his wife and children, he repaid their devo¬ 

tion with all the tenderness and love of his great heart. His 

widow, with two daughters and a son, survive him. In the 

spring of 1899 his health began to fail, undermined by his 

many years of arduous and unselfish labors, and he died on 

the 6th of May, 1899. 

Some time ago, at a meeting of the Literary Society, I hap¬ 

pened to quote to him a stanza from a poem the title of which 

was “ Evening thoughts on death.” The author was Sir John 

Bowring, well known as a scholar and linguist, but whose 

poems and translations are less remembered than they de¬ 

serve to be. The good doctor’s eyes moistened at the recital, 

for he had a keen sensibility to the tender and pathetic in 

poetry. He was younger than I, and I little thought that I 

should furnish a modest tribute to his memory by quoting 

the same stanza. When I think of this good man at rest in 

the peaceful cemetery in his native town, his life-work well 

done, his father and four generations of his forbears lying 

around him, and the beautiful New England scenery which 

he loved so well hallowing his grave, I think the lines in 

question singularly appropriate. This is the stanza : * 

* Bowring (John) : Matins and vespers, 1823. 
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No sorrows now disturb him, 

No disappointment there; 

No worldly pride to curb him 

In his sublime career. 

Heaven’s azure arch is over him, 

Earth’s tranquil breast beneath. 

The stars are brightly glowing, 

The breezes play around, 

The flowers are sweetly blowing, 

The dew is on the ground, 

And emerald mosses cover him, 

How beautiful is death! 

Robert Fletcher, M. D. 

The following list comprises the societies to which Dr. Godding be¬ 

longed : 

Medical Association, District of Columbia; Medical Society, District of 

Columbia; Massachusetts State Medical Society, American Medical Asso¬ 

ciation, American Medico-Psychological Association, British Psychological 

Society, Medico-Legal Society, Columbia Historical Society (charter mem¬ 

ber), Literary Society of Washington, Colonization Society, American 

Social Science Association. 

GEORGE BROWN GOODE. 

1851-1896. 

[Read before the Society, December 9, 1899.] 

George Brown Goode was born in New Albany, Indiana, 

February 13, 1851, and died in the city of Washington Sep¬ 

tember 6, 1896. He traced his ancestor in this country to 

John Goode, of Whitby, who settled in Virginia prior to 1661. 

He was educated at Wesleyan University, Middletown, Con¬ 

necticut, being graduated in 1870, and early showed a de¬ 

cided taste for natural history, taking a post-graduate course 

under Agassiz at Harvard, whence he returned in 1871 to 

Middletown to assume charge of the small University mu¬ 

seum. He became associated with the National Museum 

and engaged in the work of the Fish Commission under Pro¬ 

fessor Baird in 1873 and soon was a leading spirit in the 
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Smithsonian Institution. He was made Assistant Director 

of the National Museum in 1881, and Assistant Secretary of 

the Smithsonian Institution, in charge of the National Mu¬ 

seum, in 1887. He also held for a time, after the death of 

Professor Baird, .the post of United States Commissioner of 

Fish and Fisheries, and was connected officially with every 

exposition save one in which the United States participated 

from 1876, either at home or abroad. 

Careful biographies of Mr. Goode have been prepared by 

others, and a memorial volume is now printing which will 

give a record of his life and work. It will be fitting before 

this Society to speak of him in but a general way, since any 

detailed account would far transcend the limits which the 

Society allots to biographies of its members. 

Mr. Goode was a naturalist of the broad old-fashioned type. 

Although he specialized in fishery work and in later years on 

the fauna of the deep seas, he always stood for catholicity; 

he thought that every scientific man should have his foun¬ 

dations laid on the old academic lines, and viewed with a 

certain disfavor the highly specialized methods of the modem 

biologists. 

Working under unfavorable conditions, in an unsuitable 

building, and with great restrictions in funds, he yet became 

one of the foremost Museum administrators of his time, com¬ 

bining to the full a sympathy with the special student and 

the general visitor, bringing to bear his fine artistic instincts 

as to color and form, developing a system of labeling which 

has nowhere else been equaled, and being the first to reduce 

to a method the principles of Museum administration. 

He was a lover of books, of prints, of autographs, and all 

these he collected systematically and successfully. He was 

an accomplished musician, and collected American linguistic 

dialectic forms with such assiduity that his manuscript of 

these is probably the largest in existence. 

He was an American deeply interested in the welfare of 

the whole country, a devoted student of the writings of the 

Fathers of the Republic, a hater of all injustice, greed, and 
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oppression. He had an especial interest in Virginia history 
and genealogy, and made substantial contribution to both 
subjects. He was the pioneer historian of American science. 

He was prominent as an organizer of scientific, historical, 
and patriotic societies. I can say of my own knowledge that 
in no society of which he was a member did he have a keener 
interest than in this, the Philosophical Society of Washing¬ 
ton. He was attracted by its traditions, it is true; but Mr. 
Goode was not a man to live in the past; it was the breadth 
of scope of this Society, the fact that it was the only common 
meeting ground in Washington of men interested in all 
science—in all knowledge, in fact, since science is a restricted 
word—that caused him to impress upon all his colleagues 
and friends the necessity of preserving our organization on 
a broad foundation in consonance with the purpose of its 
founders. 

He was elected a member of the Society on January 31, 
1874; a member of the General Committee December 19, 
1885; Vice-President December 21,1887, and was President 
for the year 1893. 

The papers he read before the Society were: 

“ The Sword Fish and its Allies,” April 18, 1881. 
“ The Fisheries of the World,” October 7, 1882. 
“ Fisheries Exhibitions,” March 29, 1884. 
“The Systematic Care of Pamphlets,” November 21, 

1885. 
“ The Distribution of Fishes in the Oceanic Abysses 

and Middle Strata,” April 24,1886. 
“ Museum Specimens Illustrating Biology,” May 22, 

1886. 
“ The Geographical Distribution of Men and Institu¬ 

tions in the United States,” February 12, 1887. 
“ Origin of Our National Scientific Institutions,” 

March 1, 1890. 
And as President delivered an unpublished address on 

“ What has been done for Science in America.” 



Born 1851. February 13—-Died 1896, September 6 
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The memorable 400th meeting of the Society was held 

under his presidency. 

But above and beyond all, Mr. Goode was a man—wise, 

kind, strong, forbearing—a man who could bravely lead and 

follow loyally; the strength, beauty, and sweetness of whose 

disposition made other men his own peculiarly; with such 

vast learning, keen insight into men and affairs, grasp on 

everything that related to the advancement of the highest 

interests of the country, and willingness to give his time, his 

mind, his life, to the advancement of those interests, as to 

entitle him to be classed among the great men of the days 

in which he lived; if I may speak personally, a man whose 

place no other friend can supply. It is three years and more 

since he was laid to rest, and not a day has passed that I have 

not missed him, have not grieved for him, have not felt my 

life was poorer without him. 

Cyrus Adler. 

EDWARD GOODFELLOW. 

1828-1899. 

[Read before the Society, December 9, 1899.] 

Mr. Edward Goodfellow, the subject of this sketch, was my 

friend and comrade for many years. I was familiar with his 

aspirations, and know only too well the failure of his hopes 

in the undeserved misfortune that overtook him in after life, 

in his separation from the work he had served so faithfully 

and well for more than a generation; and yet I can do but 

scant j ustice to the man, his gentle nature, high sense of honor, 

and the many traits that compel us to call a man our friend, 

for diffidence was also a pronounced characteristic, and 

yielded only when assailed in the briefer hours of a ripened 
friendship. 

Mr. Goodfellow was born in Philadelphia, February 23, 

1828, and died in Washington, May 7,1899. He received his 

57-Bull. Phil. Soe., Wash., Vol. 13. 
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primary education in a private school of which his father 

was the principal, and subsequently attended the school for 

classics under Joseph Engles, and the University of Penn¬ 

sylvania, graduating from the latter institution in June, 1848. 

He had taken a great interest in Greek during his college 

course and won at least one prize for that tongue, and was 

honored at his graduation by the appointment to deliver the 

Greek salutatory. His decided inclination to literature led 

him to a warm friendship with Prof. Henry Reed, the pro¬ 

fessor of English literature at the university, which ended 

only with the Professor’s death. 

It was through Professor Reed’s influence that Mr. Good- 

fellow was appointed on the Coast Survey, in August, 1848, 

the Professor having been a warm friend of Alexander Dallas 

Bache, then the Superintendent of the Survey. His first 

appointment appears to have been a clerkship, but in De¬ 

cember, 1849, we find him as aid in the Superintendent’s 

party on the measurement of the Edisto base in South Caro¬ 

lina. He was shortly afterward transferred to astronomical 

work, and during the continuance of his service on the Coast 

Survey was, with few interruptions, engaged upon this class 

of work until his assignment to duty at Washington as execu¬ 

tive officer to the assistant in charge of the office, April 1,1873. 

In 1861, at the outbreak of the Civil War, Mr. Goodfellow 

served for a year as assistant in charge of the office, being 

relieved of that duty at his own request. In August, 1864, he 

resigned and accepted a commission as captain in the Forty- 

fifth regiment of United States volunteers, but was unfortunate 

in receiving a sunstroke shortly after his appointment that 

prevented his entering upon an active campaign. He there¬ 

fore secured his discharge, and in November, 1864, was re¬ 

appointed an assistant in the Coast Survey. During Mr. 

Goodfellow’s long career on the field-work of the Survey he 

had charge of many important stations and assisted in some 

of the operations of the Survey that have become historical. 

In 1866-1867 he was at Hearts Content, the American end of 

the first exchanges of time by cable to determine difference 
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of longitude from Greenwich. In 1868 he accompanied the 

Coast Survey expedition to Labrador for observing the total 

eclipse, and in 1872 was at St. Pierre, Miquelon island, again 

on cable longitude work. 

In 1882 Mr. Goodfellow was assigned the duty of prepar¬ 

ing the Annual Report of the Superintendent, to which was 

subsequently added the editorial work for all the publications 

of the Survey, continuing upon this duty until his separation 

from the Survey, in August, 1894. 

The last years of his life were a continued struggle. At 

first he manfully attempted new work, at best a difficult task 

even in the prime of manhood; but the growing financial 

depression of the period prevented success, his cheerfulness 

left him, and finally he wras only too glad to accept a subor¬ 

dinate position in the National Museum, where he diligently 

labored until the unfortunate accident that caused his death. 

Mr. Goodfellow was a founder of the club in whose hall we 

hold this memorial, and was a member of a number of scien¬ 

tific societies, to which he occasionally made contributions. 

He was an earnest worker, honest and sincere in his friend¬ 

ships, too retiring for his own welfare, but those who knew 

him well, I feel assured, must always carry a soft spot in their 

hearts in tender remembrance. 

Herbert G. Ogden. 

HENRY ALLEN HA ZEN. 

1849-1900. 

[Read before the Society, March 3, 1900.] 

On the evening of Monday, January 22,1900, Prof. Henry 

Allen Hazen, while riding rapidly on his bicycle, hastening 

to his night work at the Weather Bureau, collided with a 

pedestrian and was dashed to the ground. After lying un¬ 

conscious for twenty-four hours, he expired on the 23d. 
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Professor Hazen was born January 12,1849, in Sirur, India, 

about 100 miles east of Bombay, the son of Rev. Allen Hazen, 

a missionary of the Congregational Church. He came to this 

country when ten years old, and was educated at St. Johns- 

bury, Vermont, and at Dartmouth College, where he was 

graduated in 1871. After this he removed to New Haven, 

Connecticut, and for four years subsequent was assistant in 

meteorology and physics under Prof. Elias Loomis. He was 

also privately associated with the latter in meteorological 

researches and the preparation of many of the Contributions 

to Meteorology published by Professor Loomis, some of 

which bear evidence of the reflex influence of the pupil on 

the teacher. 

In the spring of 1881, when the present writer first saw 

Professor Hazen in New Haven, the latter showed such an 

earnest interest in meteorology as to justify recommending 

him to the position of computer in the study-room, which 

was then being organized by Gen. W. B. Hazen, the Chief 

Signal Officer, for the purpose of developing the scientific 

work of the Bureau, as a necessary adjunct to its important 

practical work. After his entry, May, 1881, into the mete¬ 

orological work of the Signal Service, Professor Hazen took a 

prominent part in this field. The works specially assigned 

to him were by no means sufficient to absorb his energies, 

and we find him writing and publishing on many subjects, 

such as barometric hypsometry and the reduction to sea- 

level, the testing of anemometers, the study of tornadoes and 

the theories of cyclones, atmospheric electricity, balloon 

ascensions, the influence of sun spots and the moon, the 

danger lines of river floods, the sky-glows and the eruption 

of Krakatoa. His enthusiastic advocacy of the importance 

of the balloon to meteorology was very highly appreciated. 

Plis five ascensions (1886, June 24-25; 1887, June 17 and 

August 13; 1892, October 27) undoubtedly gave very accu¬ 

rate temperatures and humidities. After the death of Gen¬ 

eral Hazen and during the administration of General Greely 

the computers of the study-room became junior professors at 
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a higher salary and were assigned to official duties of a 

broader aspect. In the course of such duties Professor Hazen 

frequently took his turn as forecast official and as editor of 

the Monthly Weather Review, while also acting as assistant in 

the Records Division. In July, 1891, in accordance with the 

terms of the transfer to the Department of Agriculture, he 

was appointed one of the professors of meteorology in the 

Weather Bureau, where he was at once assigned to regular 

and congenial duties in the Forecast Division. 

Having shown that the Hazen thermometer shelter was 

much better than the large, close double-louvered one for¬ 

merly used, his form was adopted by the Weather Bureau 

in 1885 and still remains in use. His experimental work 

with the sling psychrometer and dew-point apparatus was 

executed with great care and refinement, but his resulting 

psychrometer formula differs from those in current use, in 

that he rejected the important term depending on the baro¬ 

metric pressure. 

Professor Hazen was a frequent contributor to meteor¬ 

ological and other scientific journals. He was one of the 

supporters of Science during the years 1882-1889, and of 

the American Meteorological Journal, 1884-1896. He also 

published independently his “ Meteorological Tables55 and 

“ The Tornado;” and possibly other works. A complete list 

of his published writings would include about eight hundred 

titles. 

It must be confessed that a peculiar temperament some¬ 

times led him to beliefs and statements in scientific matters 

entirely untenable at the present day, but to which he ad¬ 

hered with such pertinacity that to some he occasionally 

appeared obstinate and headstrong. This was simply a 

result of the intense earnestness of his own convictions, which 

so completely absorbed his mind that there was no place for 

further considerations. However, the amiability of his char¬ 

acter always prevented any enduring unpleasant feeling be¬ 

tween himself and his associates. 

In addition to his work in meteorology, Professor Hazen, 
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like his master, Professor Loomis, was greatly devoted to the 

study of family history and genealogy, and it is understood 

that his collections in that line are in proper shape for the 

publication of a large volume. Certainly the widespread 

family to which he belonged includes very many distin¬ 

guished names in theology, literature, commerce, and mili¬ 

tary matters. A great tenacity of purpose, independence of 

character, boldness in the defense of personal convictions 

and energy of execution are prominent characteristics of all 

the families bearing the name of our departed colleague. 

Himself unmarried, he cared lovingly and dutifully for rela¬ 

tives who depended on him. His heart was as many-sided 

as his intellect. 

Cleveland Abbe. 

CHARLES HUGO KUMMELL. 

1836-1897. 

[Read before the Society, May 28, 1898.] 

Charles Hugo Kummell was born August 26, 1836, in 

Wetler, Kurfiirstenthum, Hessen, Germany, and died in 

Washington, D. C., April 17, 1897. 

He received his early education at home, from his father 

and from private tutors. At the age of fourteen he entered 

the Technological Institute at Cassel, and two years later, in 

1852, entered the University at Marburg. He early showed 

a strong liking for classical music, and his spare moments 

while at the university were given to the study of Mozart 

and Beethoven. 

In August, 1866, he came to the United States and settled 

at Norfolk, Virginia, where his elder sister was then living. 

Here he lived for nearly five years, finding occupation as a 

teacher of music. In April, 1871, he secured employment 

with the United States Lake Survey, and was thereafterward 

employed as a computer in the office at Detroit, Michigan, 
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until the completion of that survey, in 1880. He then came 

to Washington and entered the office of the Coast and Geo¬ 

detic Survey as a computer, a position which he held for 

seventeen years, till his death, of pneumonia, in April, 1897. 

Joining the Philosophical Society in March, 1882, he be¬ 

came a regular attendant at its meetings and a contributor 

to its program up to the very last. During his fifteen years 

of membership he presented to the Society and its Mathe¬ 

matical Section eighteen communications—-the first June 17, 

1882, the last on April 3,1897, just two weeks before his death. 

All these papers were of a mathematical character, and related 

for the most part to the theory of errors, elliptic functions, 

and geodetic problems. In all of these his work is character¬ 

ized by neatness, thoroughness, and practical application, 

with examples carefully wrought out. Accustomed to com¬ 

putation, he set forth his results with a fullness of example 

well adapted to the computer’s needs. 

Of a retiring disposition, he mingled little in society, but 

spent his leisure at home, devoting his spare hours to music 

and mathematics. He married, in Detroit, Michigan, Sep¬ 

tember, 1873, Miss Wackwitz. She, with a son and a married 

daughter, Mrs. Beresford, survive him. 

Marcus Baker. 

WILLIAM LEE. 

1841-1893. 

[Read before the Society, May 23, 1896.] 

Doctor William Lee, born in Boston, Massachusetts, March 

12, 1841, was the eldest son of William Barlow and Ann 

(Whitman) Lee. When 13 years of age he came, with his 

parents, to Washington. Four years later, at the age of 17, 

he accompanied the military expedition of Captain J. H. 

Simpson to Utah. On his return to Washington he took 

up the study of medicine. 
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In 1861 he was acting medical cadet at the Infirmary 

(Judiciary Square) Hospital, District of Columbia; in 1862 

medical student at St. Elizabeth Hospital; from 1865 to 

1867 lecturer and adjunct Professor of Physiology in the 

Medical Department of Columbian University, District <$ 

Columbia, and full professor of the same subject in the same 

institution from 1872 till his death, in 1893. 

In 1863 he graduated M. D. from the College of Physi¬ 

cians and Surgeons, New York, and for two years thereafter 

was resident physician to Bellevue Hospital. He returned 

to Washington in 1865 and entered upon the practice of his 

profession. In 1871 he was co-editor of the National Medical 

Journal, Washington, District of Columbia. He was a mem¬ 

ber of the Medical Society and the Medical Association of 

the District of Columbia; also member of the American 

Medical Association, of which he was librarian for many 

years. His fondness for books brought him into association 

with librarians, and thus we find him librarian of the Medi¬ 

cal Society, librarian of the Cosmos Club, of which he was 

one of the founders, and a diligent worker on the Toner 

collection, now a part of the Library of Congress, upon which 

collection he performed valuable work in cataloguing and 

classifying. 

He was a member, of the New England Historical and 

Genealogical Society, of the Sons of the American Revolu¬ 

tion, of the American Association for the Advancement of 

Science, and of the Numismatic Society. He was on the 

medical staff of the Emergency Hospital, in charge of the 

section of general diseases, and was on the consulting staff 

of the woman’s clinic. 

His interest in coins and medals is shown by his member¬ 

ship in the Numismatic Society and by his collection of 

medals, which is deposited in the Army Medical Museum 

and is known as the “Lee Collection.” On medical subjects 

he wrote numerous articles, which were published in the med¬ 

ical journals. He also published an article, “ Currency of 

the Confederate States, 1875,” and another on “John Leigh 

and his Descendants, 1889.” 
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His chief life work, and that which he best loved, was in 

connection with the Chair of Physiology in Columbian Uni¬ 

versity. Above all else he aimed to teach his subject, and in 

this he succeeded. He was a favorite with both students 

and professors. With his confreres in the medical profes¬ 

sion he stood deservedly high, having been honored with 

the presidency of both the Medical Society and the Medical 

Association of the District of Columbia. 

In his work he was careful, painstaking, and methodical, 

as he was in all the relations of life. He was unobtrusive 

and modest in claiming credit for what he did. 

For several years preceding his death he suffered from 

diabetes, which rendered the performance of his manifold 

duties more difficult, but he persevered in his work up to 

his last illness, which was pneumonia following grip. He 

died in Washington, March 2, 1893. 

On April 2, 1885, he was married to Mary Agusta Gadsby 

(daughter of William Gadsby and Mary Agusta Bruff), but 

left no children. 

D. W. Prentiss. 

WALTER LAMB NICHOLSON. 

1825-1895. 

[Read before the Society, May 23, 1896.] 

Walter Lamb Nicholson was born in Edinburg, Scotland, 

in 1825, and was educated at the high school, where he dis¬ 

played unusual proficiency in languages and mathematics. 

At the age of sixteen, upon the death of his father, William 

Nicholson, one of the founders and for four years honorary 

secretary of the Royal Scottish Academy, he went to England 

to study civil engineering, and was employed in the office of 

the London and Great Midland railroad until 1851, when he 

came to America to take a position as assistant engineer on 

railroads in Kentucky and Arkansas. This duty occupied 
* 

58—Bull. Phil. Soc., Wash., Vol. 13. 
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him until 1856, when he was offered a position in the United 

States Coast Survey under Professor Bache. There he had 

charge of the preparation for publication of the records and 

results of the work of the Survey, his taste and thorough 

knowledge of mathematics particularly fitting him. for a suc¬ 

cess in this work which was highly appreciated by Professor 

Bache. On the breaking out of the war his experience as a 

civil engineer in the South was at once utilized in the prep¬ 

aration of maps for the use of the army. 

In 1863, when the Postmaster General asked Professor 

Bache to recommend some one as topographer of that depart¬ 

ment, Mr. Nicholson was at once selected, and filled the posi¬ 

tion for twenty-two years. During the war, and for some time 

after, this office was one of peculiar importance to the Gov¬ 

ernment, all questions of distance and mileage being referred 

to it for verification. Here again his knowledge of mathe¬ 

matics and extreme accuracy were of untold value, and are 

to this day often referred to in the office. He originated and 

carried into successful operation the use of post-route maps, 

the value of which was immediately recognized. 

Mr. Nicholson was one of the founders of the Philosophical 

Society of Washington. He enjoyed in a marked degree the 

friendship and esteem of Professor Henry, and was associated 

with him in a number of scientific investigations. He was 

known to both Bache and Henry as a man in every respect 

worthy of their confidence. 

Socially of a kindly and generous temperament, with re¬ 

fined and scholarly tastes, he was thoroughly conversant with 

the history, the traditions, and the literature of his native 

land. These were his favorite themes, and he knew how to 

make them of unfailing interest to his friends. 

For some years before his death, which took place at his 

home in Washington in April, 1895, he was in failing health, 

but retained his mental faculties to the last. 

Edward Goodfellow. 
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ORLANDO METCALF POE. 

1832-1895. 

[Read before the Society, May 23, 1898.] 

The name of Orlando Metcalf Poe does not appear among 

the names of those who in the spring of 1871 requested 

Joseph Henry to preside at a meeting to be held for the pur¬ 

pose of forming a society having for its object the free ex¬ 

change of views on scientific subjects and the promotion of 

scientific inquiry among its members, a meeting which re¬ 

sulted in the organization of the Philosophical Society. 

/ Rut Joseph Henry was then and until his death a warm 

personal friend of General Poe, and the latter’s personal and 

social relations with the founders of the Philosophical Society 

were very close. He was elected a member of the Society in 

1874, but long before that time he had been a member of a 

small club of distinguished men out of which grew the Philo¬ 

sophical Society. This club numbered among its members 

Bache, Henry, Meigs, Barnard, Newcomb, Hilgard, Chase, 

and McCulloch. The latter was then Secretary of the Treas¬ 

ury, and later in life, in his published reminiscences, entitled 

“ Men and Measures of Half a Century,” he gave an account 

of the club. He declares that the most delightful hours 

which he spent in Washington were spent at its meetings. 

Describing the characteristics of the men composing it, he 

says that “ all of them were interesting men—all well known 

to each other, and some of them to the public, by their scien¬ 

tific and literary attainments; there was not one who would 

not have been distinguished in any literary and scientific 

club in this country or in any other country; there was not a 

money-worshipper or time-server among them all.” * * * 

110. M. Poe, whom I knew very well, was one of the youngest 

members of the club. He was regarded as a young man of 

great promise, which promise has been fulfilled. He has 

become, while still in the prime of life, one of the ablest and 

most distinguished engineers connected with the army.” 
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This casual tribute, from so eminent a source, to the im¬ 

pression which Poe’s strong personality created is, however, 

in one sense misleading. Poe was at that time not merely 

a man of promise; the record of his life was already more 

full of things accomplished than fall to the lot of most men, 

as will appear from the brief statement of his career which 

this sketch permits. 

His paternal ancestor was George Jacob Poe, who emigrated 

to this country from Germany, and who settled in Maryland 

in 1745. Thence members of the family migrated westward 

and settled in Ohio, where, in the town of Navarre, Stark 

county, Orlando Metcalf Poe was born on March 7, 1832. 

He received his early education at public schools and at the 

Canton Academy, and was teaching a district school when 

a fortunate opportunity, which he was quick to seize, enabled 

him to carry out a long cherished wish to enter West Point 

as a cadet. 

One day while he was in a neighboring town he met, on a 

passing train, a youth who had been appointed, but who had 

failed to maintain himself at the Military Academy. Poe, 

realizing his opportunity, mounted a horse and rode sixty 

miles to see the member of Congress from his district, from 

whom he solicited and obtained the appointment to the 

vacant cadetship. He graduated from West Point in 1856, 

and served as topographical engineer on the survey of the 

Great Lakes until the threatened outbreak of the Civil War, 

when he offered his services to Governor Dennison, of Ohio, 

who summoned him as soon as hostilities commenced. He 

assisted in organizing the first Ohio regiments of volunteers, 

but declined a proffered command because it was then the 

intention of the War Department to keep the regular army 

together. Poe, however, suggested to the governor to ap¬ 

point George B. McClellan, who was then in civil life, to the 

command of the Ohio troops. He sought out McClellan and 

introduced him to Governor Dennison, who, acting on Poe’s 

advice, appointed him to the command. 

It would be out of place here to give General Poe’s mili- 
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tary record. It will suffice to say that he was made colonel 

of the Second Michigan volunteers in September, 1861, and 

brigadier general of volunteers in November, 1862. He 

served with great distinction, taking part in more than a 

score of battles. From time to time he received promotion 

in the regular army, each time for gallant and meritorious 

services, culminating in the rank of brevet brigadier general 

in 1865. That he was closely associated with General Sher¬ 

man for a period of twenty years is alone evidence of the 

regard in which he was held by that great soldier, on whose 

staff he served; but the letter, since published, which the 

retiring General of the Army addressed to him at the close 

of his military career shows clearly the deep friendship and 

esteem in which Poe was held by his chief. 

Distinguished as General Poe was as a soldier in war, he 

was no less distinguished as an engineer in time of peace. 

Of his works as engineer, the construction of Spectacle Reef 

light-house, in Lake Huron, and the design and construction 

of the great locks at Sault Ste. Marie are the most note¬ 

worthy. It was while he was inspecting a break in the lock 

just mentioned that he slipped and fell, abrading the skin of 

his leg. He paid but little attention to the injury, but ery¬ 

sipelas developed, from which he died on Wednesday, Octo¬ 

ber 2, 1895. 

To this barren outline of a life of ceaseless activity but 

little can be added in the allotted space to describe the man 

and his relation to his family. 

In person he wTas of soldierly bearing, tall and straight, 

broad-shouldered, and of massive mien. His appearance 

showed his great physical power, his conversation his wide 

range of knowledge and sympathetic nature, and the direct¬ 

ness of his speech his open heart. Early in his career he won 

the hand of a worthy helpmate in the person of Eleanor 

Carroll Brent, daughter of Thomas Lee Brent, of Virginia, 

a captain in the army. He was married to Miss Brent in 

Detroit, June 17, 1861. Four children were born to them, 

but, of these, three died within the last six years of his life, 
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his eldest son dying but five months before his own death— 

a series of terrible afflictions which he bore with a soldier’s 

fortitude. His widow and youngest daughter survive him- 

His deeds are his best eulogy. 

0. H. Tittmann. 

CHARLES VALENTINE RILEY. 

1843-1895. 

Since the shocking death of Professor Riley, on the 14th 

of last September, very many obituary notices have been 

published in America and abroad, and every reading scien¬ 

tific man must have become familiar with the details of his 

most useful life. Perhaps the best of these obituary notices 

are those by Dr. G. Brown Goode and Dr. A. S. Packard, the 

first prepared for the Joint Commission of the Scientific So¬ 

cieties of Washington and afterward published in Science 

(n. s., vol. iii, No. 59, February 14,1896), and the second pub¬ 

lished some weeks previously, also in Science (n. s., vol. ii, 

No. 49, December 6, 1895). 

So full are these two notices, and so particularly complete 

and appreciative in their estimates of Riley’s scientific work 

and his influence upon American science, that there seems to 

be almost nothing to be said; yet on account of his earty con¬ 

nection with this Society, and the great interest which he 

always took in its work and in its prosperity, it seems most 

fitting that at least a brief account of his life and death be 

presented at this time. 

Charles Valentine Riley was born near London, 18th Sep¬ 

tember, 1843, and spent his boyhood there. His father was 

a clergyman of the Church of England. On his mother’s 

second marriage he was sent to boarding school at Dieppe, 

at the age of eleven, and later to Bonn, and at the age of 

seventeen took his fortune in his own hand and came to 

America. He farmed for a while in Illinois, and then went 
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to Chicago, where he did journeyman printing, drew portraits, 

acted as a reporter for one of the papers, and finally became 

permanently attached to the office of the Prairie Farmer, the 

leading agricultural journal of the West. In 1864 he en¬ 

listed in one of the Illinois regiments, and served to the close 

of the war, returning then to his agricultural editorial work. 

While still a mere boy he became greatly interested in 

the study of insects. He showed me once a note book which 

he had started at the age of nine or ten years, in which he 

intended to describe the transformations of all the insects of 

the neighborhood, and in this book were drawings which in¬ 

dicated a most unusual artistic talent. This interest in 

insects, in studying their habits and drawing their different 

stages, lasted through his life, and eventually became his 

great work. He continued drawing while at school on the 

continent, and developed so great a talent that one of his 

instructors advised him strongly to become a professional 

artist. 

While on the farm in Illinois his attention was first drawn 

to the damage which insects do to cultivated crops, and he 

subsequently owed his position on the Prairie Farmer to 

articles which he had written and handed in, in which he 

suggested new remedies for crop pests. As an attache of this 

great agricultural newspaper he attended the gatherings of 

farmers, and particularly the meetings of the prominent Il¬ 

linois Horticultural Society. In this way he became ac¬ 

quainted with the leaders in agriculture and horticulture, and 

made the acquaintance of Benjamin D. Walsh, a man of 

remarkable character and great ability, of English univer¬ 

sity education, who was in 1867 appointed the first State 

entomologist of Illinois. Walsh exercised a great influence 

upon Riley’s future. Together they founded and edited the 

American Entomologist, and when, in 1868, the State of Mis¬ 

souri passed a law providing for a State entomologist, through 

the influence of Walsh and prominent Illinois agriculturists, 

led by the value of the work which he had already done, 

Riley was chosen to fill the place. 
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His great opportunity had now come. At this time he 

was twenty-five years of age. He entered upon his new 

duties with tremendous enthusiasm and long before the com¬ 

pletion of his series of nine annual reports his name was 

known in all parts of the civilized world as the foremost 

living economic entomologist. In this work Riley followed 

in the main the methods which he had learned from Walsh. 

His early reports show a touch of the discursiveness which 

forms the only blemish in Walsh’s published writings; but 

this bit of discursiveness was just enough to make them 

thoroughly readable to the agricultural population. His 

ability as a delineator of insects was unsurpassed, and his 

reports from beginning to end were filled with pictures of 

insects of lifelike character and marvelous scientific accuracy. 

Their equals had hardly before been seen. 

The reports were almost entirely based upon original ob¬ 

servations. He kept abreast with the scientific thought of 

the times, the field was almost entirely his own, and he made 

many discoveries of far-reaching practical and scientific im¬ 

portance. 

When we stop and consider that this Missouri work, which 

has been called epoch-making in its character, was accom¬ 

plished by Riley between the ages of 25 and 34, and that he 

did it single-handed, then we begin to realize that we are 

dealing with a most extraordinary man. 

Toward the close of his term of office in Missouri the dis¬ 

astrous outbreak of the Rocky Mountain locust or “ grass¬ 

hopper ” in Kansas, Colorado, and Nebraska attracted his 

attention to this line of investigation, and in 1876, through 

his efforts, the United States Entomological Commission was 

founded by Congress and placed under the Interior Depart¬ 

ment for the purpose of investigating this insect. This work 

brought him to Washington, and two years later he was ap¬ 

pointed Entomologist to the Department of Agriculture in 

place of Townend Glover, who had held that position for 

many years, but whose health had at that time failed. With 

the exception of an interval of nearly two years, Riley held 
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the position, called by courtesy that of United States Ento¬ 

mologist, from that time until June, 1894. The Entomolog¬ 

ical Commission was continued, and published bulletins and 

reports down to 1884. 

In the Department of Agriculture Riley was a leader. His 

interest in agricultural science extended beyond the bound¬ 

aries of his own specialty, and he was practically responsible 

for many reforms and for many innovations of great value 

in the department. He was the warm personal friend of two 

of the Commissioners, and his advice had great weight with 
them. 

Aside from his work during these years in the Department 

of Agriculture, he was an active man elsewhere. He became 

a member of the Philosophical Society when he first came to 

Washington, and was afterward prominent in the work of the 

Biological Society, of which he was president for two years. 

He was the founder and first president of the Entomological 

Society of Washington, and one of the founders of the Cosmos 

Club. The scientific and agricultural societies of which he 

was a member are so numerous that they cannot be listed 

here. Many of them were foreign, and he was most prom¬ 

inent in many American societies. 

One of the saddest facts connected with his early death is 

associated with his plans for future work. In 1886 he gave 

his collection of insects, amounting to 115,000 specimens, to 

the United States National Museum to help form a Depart¬ 

ment of Insects, and held the office of Honorary Curator of 

that department until his death. It was his intention after 

his resignation from the Department of Agriculture, in 1894, 

to devote the remaining years of his life to pure scientific re¬ 

search, and he rejoiced at having thrown off the cares of 

routine work connected with the office which he had previ¬ 

ously held in the department. His death in little less than 

a year thereafter seems a shocking example of the irony of 

fate, and certainly it occasioned a loss to pure science the 

extent of which cannot be estimated: 

It is safe to say that in the comparatively new science of 

59—Bull. Phil. Soc., Wash., Vol. 13. 
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economic entomology no man’s name stands on the same 

plane with that of Riley. Outside of economic entomology, 

his contributions to science were many and of great value. 

He possessed the friendship and confidence of many of the 

leaders in scientific thought. Honors came to him abun¬ 

dantly from the time when he first became prominent as a 

writer. He died at the comparatively early age of 52, after 

having accomplished an amount of work which, when one 

sums it up, would seem sufficient to occupy the lifetime of 

many men of ordinary capacit}L 

Mentally he was one of the most active men of the age. 

He was many-sided and of broad interests. Had he been a 

man of university training and of exceptional advantages, 

the record of his life would still have been wonderful. As 

it is, it is practically without parallel. 
L. 0. Howard. 

SAMUEL SHELLABARGER. 

1817-1896. 

[Read before the Society, March 31, 1900.] 

Samuel Shellabarger was born December 10,1817, in Mad 

Run township, Clarke county, Ohio, and died August 6,1896, 

in Washington, D. C. 

On his father’s side he descended from a Swiss family 

whose lineage is said to have been traced back to the four¬ 

teenth century. On his mother’s side he was of Irish descent. 

He was the eldest in a family of eight children, of whom 

he outlived all save one, John Shellabarger, of Beatrice, Ne¬ 

braska. His early life was spent on his father’s farm and at 

the district school, from which he went to Oxford, Ohio, and 

attended Miami University, where he graduated in his 

twenty-fourth year, in 1841. 

For a profession he chose the law, and this profession, in¬ 

terrupted by intervals of public service, he pursued to the 
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end with diligent application, unswerving rectitude, and dis¬ 

tinguished success. He studied law with the Honorable 

Simson Mason, and was admitted to the bar in Troy, Ohio, 

in 1846, in his twenty-ninth year. 

Four years later, in 1850, we find him a member of the 

legislature of his native State, and thus serving his law¬ 

making apprenticeship in the session at which the present 

constitution of Ohio was framed and adopted. He contin¬ 

ued his service in the State legislature for several terms, and 

in the fall of 1860 was promoted by election to membership 

in the Thirty-seventh Congress from the Springfield district. 

Thus he began his career in the national legislature in the 

stormy days of 1861. Ending his term in March, 1863, he 

was not returned. Two years later, however, he was again 

chosen, and served as a member of the Thirty-ninth and 

Fortieth Congresses, from 1865 to 1869, thus participating in 

the ex citing, controversies over reconstruction and impeach¬ 

ment. It was in the debate upon reconstruction that his 

strength as lawyer, debater, and orator shone forth with their 

greatest clearness. Section 6 of the reconstruction act of 

March 2, 1867, as it now stands in the statute book, was 

drafted by him as an amendment late at night on February 

20, 1867, immediately offered, and adopted without change. 

The original manuscript is preserved as a family heirloom. 

It was in this same year that Alaska was purchased, a 

measure which Judge Shellabarger, as he was usually called, 

opposed because, said he, “ Those nations which have been 

most compact and solid have been most enduring, while 

those which have had the most extended territory have lasted 

the shorter time.” 

At the close of his third term in Congress, President Grant 

appointed him, in 1869, United States Minister to Portugal. 

He accepted the appointment and went to his post, but re¬ 

signed it in December of the same year and returned home. 

He was for the last time elected as a Member of Congress in 

1870, and served during the Forty-second Congress, 1871™ 
1873, but declined a renomination, 
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The earliest movement toward a reform in the civil service, 

it will be remembered, occurred early in the seventies, under 

President Grant, and one of the compliments paid to Judge 

Shellabarger’s ability and integrity was his selection as a 

member of that earliest Civil Service Commission. 

From 1848 to 1874 Judge Shellabarger’s home was in 

Springfield, Ohio. In 1875, however, he moved to Washing¬ 

ton and formed a law partnership with Honorable Jeremiah 

M. Wilson, a former associate in Congress—a partnership 

which lasted till death. 

His relations to this Society were not intimate. He became 

a member on April 10,1875, shortly after taking up his resi¬ 

dence in Washington, and retained his membership to the 

last. In appearance, as we saw him in the afternoon of his 

life, he was a tall man, of large frame, deliberate in his walk 

and manner, slightly bent, and having the appearance of a 

scholar or philosopher rather than that of a man of affairs. 

He married, May 25, 1849, Elizabet h Henrietta Brandriff, 

of Troy, Ohio. She, with two daughters, Miss Anna A. 

Shellabarger, of Washington, and Mrs. J. H. Young, of Spring- 

field, Ohio, survive him. 

Marcus Baker. 

WILLIAM BOWER TAYLOR. 

1821-1895. 

[Read before the Society, May 23, 1896.*] 

William Bower Taylor, born in the city of Philadelphia 

May 23, 1821, was the son of Colonel Joseph Taylor and 

Anna Farmer Bower, both of Philadelphia. 

Colonel Taylor was a bookbinder, and in 1821 was elected 

colonel of the Seventy-ninth regiment of Pennsylvania mili- 

* This memoir, as here printed, is an abridgement of the paper as read. 

The memoir, in full, was published in Smithsonian Institution Annual 

Report for 1896, vol. 1, p. 645. 
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tia, which commission he held for seven years. He was well 
educated, early in life became interested in politics, and was 
elected to the Pennsylvania legislature. Having removed 
to his farm near Millville, New Jersey, for the benefit of his 
health, he was in 1843 elected to the legislature of that State. 

William’s mother died while he was quite young. His 
father provided him with a liberal education, sending him 
to a Baptist college at Haddington, Pennsylvania, then to 
an academy taught by Professor Walter E. Johnson, and 
subsequently to the University of Pennsylvania. Professor 
Johnson, one of the most learned men of that time, was sec¬ 
retary of the Academy of Natural Sciences, member of the 
National Institute, professor of physics and chemistry in the 
University of Pennsylvania, and an able writer on scientific 
and technological subjects. 

In 1835-1836 several gentlemen formed a society, with the 
name of The Franklin Kite Club, for the purpose of making 
electrical experiments. For a considerable time they met 
once a week at the Philadelphia City Hospital grounds and 
flew their kites. These were generally square in shape, made 
of muslin or silk, stretched over a framework of cane reeds, 
varying in size from 6 feet upward, some being 20 feet square. 
For flying the kites annealed copper wire was used, wound 
upon a heavy reel 2 or 3 feet in diameter, insulated by being 
placed on glass supports. When one kite was up, sometimes 
a number of others would be sent up on the same string. 
The reel being inside the fence, the wire from the kite some¬ 
times crossed the road. Upon one occasion, as a cartman 
passed, gazing at the kites, he stopped directly under the 
wire and was told to catch hold of it and see how hard it 
pulled. In order to reach it he stood up on his cart, putting 
one foot on the horse’s back. When he touched the wire the 
shock went through him, as also the horse, causing the latter 
to jump and the man to turn a somersault, much to the 
amusement of the lookers on, among whom was Taylor. 

It was this incident and others of a similar character con¬ 
nected with the kite club that turned his youthful mind to 
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science, and especially to electrical phenomena. He made 

a number of kites himself and also endeavored to make a 

flying machine. He made a clock wholly of wood, which 

kept good time. 

In 1836 Taylor entered the University of Pennsylvania, 

became a member of the Philomathean Society, and later its 

moderator or president. He was graduated in 1840 and com¬ 

menced the study of law at the university and also in the 

office of Mr. Rawle, an eminent attorney. He was admitted 

to the bar of Philadelphia November 15, 1843. 

His retiring disposition, studious habits, stern integrity, 

and high sense of honor were not conducive to securing many 

clients, and he looked with aversion on the practices of at¬ 

torneys who were willing to sacrifice truth to gain an unright¬ 

eous cause. After four years’ experience of an unsatisfactory 

character as a lawyer, in November, 1848, he became an assist¬ 

ant in the drug store of his brother Alfred, on Chestnut street, 

near Ninth, and remained there until February 1, 1853. 

By special invitation of his cousin, Mr. William Ellis, who 

was in charge of the navy yard in Washington, he accepted 

the position of draftsman in the yard February 17,1853, and 

a few months later became foreman of the engineer and 

machinist department. He filled this position acceptably 

until his resignation, December 31, 1853, receiving a letter 

from Chief Engineer Henry Hunt, U. S. N., expressing 

“ great regret in his leaving the situation wherein his serv¬ 

ices and knowledge had been valuable and his deportment 

most gentlemanly.” 

In May, 1854, he was appointed by Hon. Charles Mason, 

Commissioner of Patents, to a temporary clerkship, and on 

the 1st of April, 1855, was made an assistant examiner in the 

division under Prof. George C. Schaeffer, the eminent chem¬ 

ist, engineer, and general scientist. Dr. Schaeffer used to 

relate of this appointment that, finding himself in need of 

an assistant, he was told by the Commissioner that a young 

man was in consideration for the place who seemed intelli¬ 

gent and capable, but spoke doubtfully as to his own qual- 
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ifications for the work. “ Then please appoint him at once,’’ 

said Dr. Schaeffer ; “ he will be just the man I want.” The 

augury was abundantly fulfilled, and was the beginning of 

a cordial lifelong friendship between the two men, amid 

various strong differences of opinion. Their debates on 

matters of high interest were remembered as contests of 

giants by their hearers. 

Mr. Taylor was appointed principal examiner on Novem¬ 

ber 10, 1857, in the class of firearms, electricity, and philo¬ 

sophical instruments. His early legal education and prac¬ 

tice fitted him admirably for the position of examiner and 

enabled him for more than twenty years fully to meet the 

requirements of an office which Commissioner Mason de¬ 

clared should command the highest order of talent, “ where 

all learning connected with the arts and sciences finds an 

ample field for exercise and questions of law that tax to their 

uttermost the abilities of the most learned jurists; ” and 

another Commissioner, Judge Holt, said: “ The ability and 

requirements necessary to a proper discharge of the duties 

of an examiner must be of a high order, scarcely less than 

those we expect in a judge of the higher courts of law.” 

In 1873, the temporary position of librarian being vacant, 

Mr. Taylor was detailed to this service on account of his ex¬ 

tensive information, and was of great assistance to the exam¬ 

iners through his ability to give them references to aid in 

making up reports of applications for patents. 

The Patent Office library was indeed a grand school of 

instruction and a mine of inexhaustible wealth for a scien¬ 

tific inquirer. Designed as a collection for reference in the 

examination of applications for patents, in order to deter¬ 

mine the question of novelty of invention, it has grown 

mainly in the direction of technological publications, includ¬ 

ing full sets of the periodicals devoted to special industrial 

&rt and all the more important treatises on machines, arts, 

processes, and products, in the English, French, and German 

languages. Besides this, there are the records of foreign pat¬ 

ents of inestimable value. 
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In 1876 Congress provided for the permanent appointment 

of a librarian in the Patent Office at a much lower salary 

than that of an examiner, and as Mr. Taylor still held the 

appointment of principal examiner, he was not an applicant 

for the new position, which was filled by' a political appoint¬ 

ment. Mr. Taylor then expected to be restored to his former 

duties as examiner; but by reason of smaller congressional 

appropriations, which necessarily reduced the number of 

appointments, he was unfortunately legislated out of office. 

In a letter dated December 6, 1876, in relation to this 

matter, Professor Henry remarks: “ Mr. Taylor, I can truly 

say, without disparagement to any officer of the Patent Office, 

is, for extent of knowledge and practical skill in reporting 

on the originality of inventions, without a superior in the 

office. He has long been a collaborator of the Smithsonian 

Institution, is a member of the Washington Philosophical 

Society, and has achieved an extended reputation as an active 

contributor to science by his publications. His separation 

from the Patent Office I consider a public loss, and justice to 

himself and the interests of the inventors require his resto¬ 

ration.’’ 

In a private note to a prominent Senator, Professor Henry 

commends Mr. Taylor to his “ special attention,” and says: 

“ He is held in the highest estimation by all who know him 

and can appreciate his character. He is not only a gentle¬ 

man of extensive information and refined culture, but is 

admirably constituted in regard to intellectual and moral 

qualities.” 

While Mr. Taylor was librarian he also acted as examiner 

of interferences—-a very important duty. In fact, Prof. Ed¬ 

ward Farquhar, his assistant at the time, remarks that “ the 

various functions he discharged in the office were endless. 

When a committee was needed to revise the whole classifi¬ 

cation of the office he was one of the leading members. He 

was perpetual referee and consulting examiner in a general 

capacity, as necessarily resulted from his extraordinary 

knowledge and readiness to impart it, supplying more espe- 
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cially, perhaps, the principles of science and of law than 

their practical applications. In the Patent Office, as else¬ 

where, he was a constant fountain of instruction to all.” 

In 1872 Professor Henry strongly recommended Mr. Tay¬ 

lor, without his knowledge, for a chair in one of our leading 

colleges, as one “ who from the clearness of his conceptions 

and the lucidness of his expositions has the elements of an 

excellent teacher.” 

Other occasions offered for the employment of Mr. Taylor 

as a teacher or professor, but he always shrank from assum¬ 

ing the duties of a public instructor and preferred the retire¬ 

ment and privacy of closet study and editorial impersonality. 

Mr. Taylor was one of the founders of the Washington 

Philosophical Society, which grew out of the Saturday Club 

just alluded to. He signed the call for the first meeting, re¬ 

questing Professor Henry to preside, March 12,1871, and on 

the organization of the Society, March 13, 1871, was elected 

a vice-president. This office he held until December 17,1881, 

when he was elected its fourth president. Between 1871 and 

1881 he had presided at forty-five meetings of the Society. 

His first paper was presented June 10,1871, “ On the Nature 

and Origin of Force,” and was published in the Smithsonian 

Report for 1870, which was issued late in 1871. At almost 

every meeting of the Society he either presented an original 

communication on astronomical, mathematical, or physical 

subjects, or discussed with freedom, clearness, and marked 

ability the papers of others. Among his most important 

addresses before the Philosophical Society was one in 1878 

on the “Life and Scientific Work of Joseph Henry.” This 

work was peculiarly agreeable to him as an ardent admirer 

and strong advocate of Henry’s policy, his warm personal 

friend and intimate associate, and of whom he speaks thus : 

“ Few lives within the century are more worthy of admira¬ 

tion, more elevating in contemplation, or more entitled to 

commemoration than that of Joseph Henry.” 

On the 5th of May, 1882, he made a report as chairman 

of a joint committee on the Philosophical, Biological, and 

60—Bull. Phil. Soe., Wash., Vol. 13. 



424 WILLIAM BOWER TAYLOR. 

Anthropological societies, favoring a scheme of consolidation 

or union of the scientific societies of Washington, an event 

which, after a lapse of thirteen years, has only recently been 

in some degree accomplished. 

In February, 1883, a Mathematical Section of the Philo¬ 

sophical Society was organized, of which he became one of 

the leading spirits, taking part in every meeting, and on 

March 24,1886, he was elected its chairman. On the 23d of 

October, 1886, he was elected to the general committee of the 

Society, which position he held until his death, giving to 

every detail of business the same attention he did to solving 

the greatest problem of nature. 

To the Journal of the Franklin Institute, of which society 

he was long a member, he contributed, in 1876, a paper on 

“ Physics of the Ether,” consisting principally of a review of 

a work by S. Tolver Preston, of London, as well as numer¬ 

ous brief notices or reviews. In the American Journal of 

Science and Art, New Haven, he published a paper in 1876 on 

“ Recent Researches in Sound,” and in 1885 “ On the Crump¬ 

ling of the Earth’s Crust.” 

His “ Kinetic Theories of Gravitation ” was published by 

the Smithsonian Institution in 1876. An editorial in the 

American Journal of Science refers to this work as “ a valuable 

historical resume of the various attempts that have been 

made by the most eminent philosophers to account for the 

phenomena of gravitative attraction from the time of New¬ 

ton to the present day, concluded by a vigorous criticism of 

the leading theories, in which the author, passing over the 

consideration of the statical method of explaining gravita¬ 

tion by pressure, finds that kinetic systems are essentially of 

two classes—the hypothesis of emissions or corpuscles, and 

the hypothesis of fluid undulations—and proceeds to show 

that neither form of either hypothesis can satisfy the two 

Newtonian conditions of a scientific theory—verity and 

sufficiency.” 
He became a member of the American Philosophical So¬ 

ciety of Philadelphia on the 19th of October, 1877, but does 

not appear to have contributed to its transactions. 
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He was elected a member of the American Association for 

the Advancement of Science at its twenty-eighth annual 

meeting, in August, 1880, and at the meeting of August, 

1881, was made a fellow of that society. The only paper he 

contributed to the proceedings of this Society was on “A 

Probable Cause of the Shrinkage of the Earth’s Crust.” 

On leaving the Patent Office he was engaged by Professor 

Henry to edit his researches on “ Sound ” and “ Illuminating 

Materials ” for the reports of the Light House Board, and in 

1878 was appointed by Henry as an assistant in the Smith¬ 

sonian Institution, a position which he continued to hold 

for seventeen years, until his death. 

On the death of Professor Spencer F. Baird, Secretary of 

the Smithsonian Institution and United States Commissioner 

of Fisheries, August 19, 1887, the Washington Philosophical 

Society, as the senior of the Washington scientific societies 

and the one with which Professor Baird had been most closely 

connected, took initial steps in arranging for a joint meeting 

to commemorate his life and services. To Mr. Taylor was 

assigned the theme of “ Professor Baird as an Administrator,” 

and on account of an intimate knowledge of his great work 

in the Smithsonian he was eminently fitted to discharge the 

duty assigned him. His eulogy of Professor Baird was pub¬ 

lished in the bulletin of the Philosophical Society, vol. X, 

1888; also in the Smithsonian Miscellaneous Collections. 

He was president of the District of Columbia Alumni As¬ 

sociation of the University of Pennsylvania, and presided at 

its annual banquets. 

During the life of Professor Henry no formal office existed 

as “ editor ” of the Smithsonian publications. Every article 

submitted for publication was carefully examined by Pro¬ 

fessor Henry himself, all doubtful points discussed with the 

authors, and every line closely scrutinized in the proof-sheets, 

independent of, and in addition to, the examination made 

by his assistants. Mr. Taylor’s distinctive labors as “ editor ” 

commenced with Professor Baird’s accession to the secretary¬ 
ship. 
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The most important duty Mr. Taylor performed as editor 

while at the Smithsonian was the collection and publication 

of the Scientific Writings of Professor Henry. To this labor 

of love, for which he was perhaps better fitted than any 

other person, he gave a year or two of untiring devotion. 

Mr. Taylor enjoyed good health nearly the whole of his 

life, though for many years he had not taken the customary 

leave of absence from office, for rest and recreation. An 

attack of the grip in 1894, however, seemed to enfeeble 

him and he never regained his former vigor. His last ill¬ 

ness was brief. After much suffering from an incurable 

malady, and submitting to a surgical operation, he died in 

Washington on February 25, 1895, in the seventy-fifth year 

of his age, and his remains were buried in Woodlawn Cem¬ 

etery, Philadelphia, his native city. 

“ 0, good old man! how well in thee appears 
The constant favour of the antique world, 
When service sweat for duty, not for meed! 
Thou art not for the fashion of these times, 
Where none will sweat but for promotion.” 

JOSEPH MEREDITH TONER. 

1825-1896. 

[Read before the Society, January 9, 1897.] 

To commemorate, however briefly, the talents and char¬ 

acteristics of those who have gone from among us is due 

alike to this Society and to the memory of the departed. 

Our late associate, Dr. Joseph Meredith Toner, filled during 

more than forty years an increasingly marked and influen¬ 

tial position in the city of Washington. Born at Pittsburg, 

Pennsylvania, April 30, 1825, he died at Cresson, Pennsyl¬ 

vania, July 30,1896, while sitting in his chair, during a brief 

summer vacation. His early training was in the public 

schools, and later at the Western Pennsylvania University 

and at St. Mary’s College at Emmitsburg, Maryland, though 
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his only degrees of graduation were from the Medical College 

at Woodstock, Vermont, in the year 1850, and the Jefferson 

Medical College, Philadelphia, in 1853. 

Dr. Toner inherited from his parentage, which was of the 

good old solid stock of Pennsylvania farmers, an ample 

physical frame and an excellent constitution. His temper¬ 

ament was cheerful and hopeful, his manner winning, and 

his sunny smile is remembered as a marked personal charac¬ 

teristic. He very early developed a strong ambition for 

learning, and having chosen the profession of medicine as his 

business, he perfected his knowledge of the art by several 

years of study and practice in western Pennsylvania. Am¬ 

bitious for a wider field, the young practitioner removed 

to Washington city in 1855, and soon acquired a large 

and remunerative practice. His genial, hearty manner 

came to the invalid like a ray of sunshine, infusing hope 

and pleasure. During the Civil War period of 1861-1865 

he did much gratuitous service in the hospitals. At the 

same time his active zeal was devising aid toward the estab¬ 

lishment of institutions of charity in our city, and Provi¬ 

dence Hospital, two orphan asylums, and in later years 

Garfield Hospital owe very much to Dr. Toner’s activity in 

their foundation, and gratuitous medical aid to some of 

them for a long series of years. Pie was long a leading 

member of the board of managers of the Government Hos¬ 

pital for the Insane at St. Elizabeth’s, and became president 

of the Medical Society of the District of Columbia, and of 

the American Medical Association. 

He established the “Toner Lectures” in 1872 by a fund 

of $3,000, one-tenth of the income of which was added to the 

principal annually, while nine-tenths went to compensate 

skilled lecturers on some newly developed feature of medical 

science. He also gave annual medals for scientific essays 

by students of Jefferson Medical College and Georgetown 
University. 

But it is chiefly Dr. Toner’s labors as a writer and a col¬ 

lector of books that enlist our attention. From the year of 

his arrival in Washington to the time of his decease, he was 



428 JOSEPH MEREDITH TONER. 

ever a vigilant and intelligent book-buyer. Though his 

earlier purchases were of medical and hygienic literature, he 

soon grew into a zealous collector of local history and biog¬ 

raphy. In his later years he devoted much time and money 

to the collection of the widely scattered biographic notices 

of American physicians, which expanded into a passion for 

sketches of the lives of all Americans. In this he cultivated 

an almost neglected field, by seeking to accumulate from a 

wide range of newspapers, magazines, etc., all the obituary 

and biographic portions. These he had mounted on manila 

paper and arranged in alphabetical order for ready reference. 

These fugitive biographical data are more valuable because 

not readily found by any ordinary researches. 

His zeal as a collector was further exemplified in his great 

assemblage of Washingtoniana, or of all the writings of 

George Washington. Of no American public man, perhaps, 

are there more extensive written remains than our first Pres¬ 

ident left behind him, but these autograph memorials are 

unhappily as widely dispersed as they are extensive. Dr. 

Toner set himself the task of securing for his collection au¬ 

thentic copies of everything which had ever been written by 

this illustrious man. Not satisfied with copying the long 

series of Washington’s private diaries in the Department of 

State, and arranging the wThole of the writings as published 

in Sparks’s collection, with numerous corrections from the 

originals, he copied every letter not there found, from the 

many periodicals which have printed any such during this 

century or the last one, and made interest with the authori¬ 

ties of historical societies, libraries, and the many private 

owners of Washington autographs to permit copies to be 

made of all. Thus he accumulated and arranged in strict 

chronological order unquestionably the most complete as¬ 

semblage of the writings of Washington anywhere to be 

found. 
The crowning act that evinced the public spirit and benev¬ 

olence of our late associate was his gift to the nation, through 

deposit in the Library of Congress, of his entire collection 

of books, pamphlets, periodicals and manuscripts. This 
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generous purpose was consummated in the year 1882, when 

the donor was in the zenith of his powers, and it was his 

pleasure and pride to make constant additions to the gift 

every year during the remainder of his life. The benefac¬ 

tion was recognized by Congress in a special act of acceptance, 

and a marble bust of the donor, by J. Q. A. Ward, has been 

placed, with his full-length portrait by Andrews, in the new 

Library building. The library contains about 28,000 vol¬ 

umes, medical, historical, and miscellaneous, besides a mul¬ 

titude of unbound pamphlets, periodicals, and manuscripts. 

It remains to notice briefly the literary and scientific 

labors of Dr. Toner, and his membership in the Philosoph¬ 

ical Society. His habit of mind was instinctively that of an 

inquirer. He sought to investigate many subjects, and, 

while he cannot be styled a profound thinker or a discoverer, 

his researches in many directions were notably thorough. 

This was true especially of his historical and biographical 

labors, and the annotations made by him to the various 

journals of Washington which he published attest a wide 

and comprehensive inquiry into all that could elucidate the 

text. He gathered and published the first extended Diction¬ 

ary of Elevations of American localities. He invented an 

ingenious scheme for denoting the relative positions of places 

on the map, which was adopted by the Post Office Depart¬ 

ment in its publications. 

No full bibliography of Dr. Toner’s writings can here be 

attempted, from lack of space. More than fifty books, 

pamphlets, and articles in periodicals from his pen were 

published in his lifetime, of some of which brief mention 

may be made: 

Maternal Instinct. 1864. 

Free Parks and Camping Grounds in Summer for 

Children of the Poor in Large Cities. 1872. 

A Dictionary of Elevations, and Climatic Register of 

the United States. 1874. 

Contributions to the Annals of Medical Progress and 

Medical Education in the United States. 1874. 
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The Medical Men of the Revolution. 1876. 

Notes on the Burning of Theaters and Public Halls. 

1876. 

Address before the Rocky Mountain Medical Associa¬ 

tion. 1877. 

Washington’s Rules of Civility and Decent Behavior 

in Company. 1888. 

Wills of American Ancestors of George Washington. 

1891. 

George Washington as an Inventor and Promoter of 

Useful Arts. 1891. 

Journal of George Washington’s Journey over the 

Mountains beyond the Blue Ridge, in 1747-’48. 

1892. 

The Daily Journal of Major George Washington on 

a Tour from Virginia to the Island of Barbadoes, 

in 1751-52. 1892. 

Some Account of George Washington’s Library and 

Manuscript Records, and their Dispersion from 

Mount Vernon. 1893. 

Diary of Colonel Washington for August, September, 

and October, 1774. 1893. 

Inaugural Address as President of the Columbia 

Historical Society. 1894. 

Washington in the Forbes Expedition of 1758. 1896. 

Dr. Toner was elected a member of the Philosophical So¬ 

ciety about a year after its organization, in 1871, and became 

one of the most regular attendants at its meetings, frequently 

participating in discussion. Among his contributions were 

papers on “ Earth Vibrations at Niagara Falls,” “A Method 

of Describing Places by the Approximate Position of Geo¬ 

graphical Regions,” “ Coins and Medals,” “ On the Burning 

of Theaters and Public Halls,” “ The Care of Pamphlets,” 

an exhibit of a case of animal malformation, and remarks 

commemorative of Professor Henry, the President of the 

Society. 

A. R. Spofford. 
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WILLIAM CRAWFORD WINLOCK. 

1859-1896. 

[Read before the Society, January 9, 1897.] 

William Crawford Winlock, the eldest son of Joseph and 

Isabella Lane Winlock, was born in Cambridge, Massachu¬ 

setts, March 27, 1859. His parents were descended from 

that sturdy Virginian stock that served their country long 

and faithfully in the War of the Revolution, and then moved 

westward to found new States beyond the mountains. The 

father, Joseph Winlock, was born in Shelby county, Ken¬ 

tucky ; was educated at Shelby College, in that State; became 

Professor of Mathematics, U. S. Navy, then Superintendent 

of the American Ephemeris and Nautical Almanac, and in 

1866 was made Director of the Harvard College Observatory. 

It was during his father’s residence at the observatory in 

Cambridge that young Winlock reached the age wThen defi¬ 

nite tendencies of thought are likely to indicate the line of 

work that is to absorb the interest of active manhood. Reared 

under the influences and unconscious training of a cultivated 

home and in daily contact with men whose zeal and enthu¬ 

siasm carried them cheerfully through all the laborious 

routine and details of exacting scientific work, it is not sur¬ 

prising that his interest in the work of the practical astron¬ 

omer was developed at an early age. 

His preparatory training as a student was obtained in the 

public schools in Cambridge, and he graduated at Harvard 

College in the class of 1880. During the last years of his 

college life he improved opportunities for obtaining valuable 

information regarding the construction and use of several of 

the principal instruments of the observatory, and under the 

direction of Prof. W. A. Rogers he gained considerable expe¬ 

rience as an observer wTith the meridian circle. 

While studying with Dr. Wolcott Gibbs, of Harvard Col¬ 

lege, he prepared, from his own observations, a paper “ On 

61-Bull. Phil. Soc., Wash., Vol. 13. 
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the Group b in the Solar Spectrum.” This paper was pub¬ 

lished in the “ Proceedings of the American Academy,” vol. 

xvi, 1881. 

In July, 1880, the number of observers at the Naval 

Observatory was seriously reduced by the resignation of two 

assistant astronomers, and the unusual pressure of work at 

that time made it very desirable to secure efficient assistance 

without waiting for the usual routine of a competitive exam¬ 

ination. As the work was in my own department, I was 

authorized by the Secretary of the Navy to select the most 

competent men I could find, to be employed on six months’ 

probation. At my request, Mr. Winlock accepted one of 

the positions as an assistant astronomer, and reported for 

duty on August 2, 1880. From the beginning of his work 

at the observatory until the last day of his service there, he 

was an important member of the working force. 

Quiet and unassuming, he was always courteous, obliging, 

and mindful of the rights and feelings of all his associates. 

His cheerful zeal in the prosecution of the duty assigned 

him left nothing to be desired, and in the nine years of hard 

and continuous labor as an observer and computer under 

my direction, I can remember no cause for criticism save a 

not infrequent caution against overtaxing his physical 

strength. He continued as an assistant in the work 

with the transit circle during his entire service at the ob¬ 

servatory, and more than nine thousand observations with 

that instrument constitute a lasting monument to his ability, 

fidelity, and industry as an observer. As a computer he 

was methodical and accurate, finding satisfaction only in 

the best results. 

His most important work at the observatory, outside of 

the continuous routine of meridian work, was a monograph 

on the great comet of 1882. 

This paper of 38 quarto pages, with five plates, appeared 

as Appendix I in the annual volume of the Naval Observa¬ 

tory for 1880. A large majority of the observations of this 

comet with the transit circle were made by Mr. Winlock, 
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who also made the excellent drawings of the different phases 

of the comet as shown on the accompanying plates. 

In the later years of his service at the Observatory he pre¬ 

pared for each annual report of the Smithsonian Institution 

a paper on the “ Progress of Astronomy,” giving, in consid¬ 

erable detail, an account of the work of the principal obser¬ 

vatories, a list of the discoveries, a brief resume of the more 

important astronomical publications, together with a com¬ 

plete astronomical bibliography for the year. This interest¬ 

ing and valuable work was continued from 1885 to 1892. 

In 1886 he was appointed Professor of Astronomy in the 

Corcoran Scientific School of the Columbian University, 

meeting his classes principally in the evening, and at the 

time of his death he held the same position, together with a 

similar professorship in the Graduate School of the same 

University. 

As the years of exacting work passed by, Mr. Winlock 

lost no interest in astronomical pursuits, which he had early 

chosen to follow, but he began to realize that the chances for 

promotion or increase of pay at the Observatory were almost 

infinitesimal, and that such advantages must be sought in 

other directions. Accordingly, when the Secretary of the 

Smithsonian Institution offered him the office left vacant by 

the death of Dr. J. H. Kidder, he felt that duty to himself 

and to his family impelled him to accept the position, ar¬ 

dently hoping that he might in his new field find an oppor¬ 

tunity to devote a portion of his time to some branch of 

astronomical investigation. 

On May 14, 1889, he was appointed “ Curator of Inter¬ 

national Exchanges” in the Smithsonian Institution. In 

1891 his sphere of work was enlarged by assignment as 

“ Assistant in charge of Office,” and still later he was made 

“ Curator of Physical Apparatus ” in the U. S. National 

Museum. In this new field of activity his innate liking 

for scientific work was held in abeyance by the pressure 

of administrative business, and by his dominant desire to 

see that every duty was faithfully performed. His buoy- 
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ant, hopeful spirit, however, led him to find great satisfaction 

in the systematic, daily attention to the details of the plans 

that constantly tended to widen the scope of the Smithsonian 

Institution. To this work he brought all the care, method, 

perseverance, and courtesy which had made him a valuable 

assistant and an agreeable colleague at the Naval Obser¬ 

vatory. 
On December 4, 1880, Mr. Winlock became a member of 

the Philosophical Society, and at subsequent meetings read 

several interesting papers. On December 21, 1887, he was 

elected a Secretary of the Societ}^ and continued to hold 

that position until his death. Those who have had an op¬ 

portunity to see his work know the value of his faithful 

service in that capacity. 

On June 2, 1883, Mr. Winlock married Mrs. Alice B. 

Munroe, of this city, who, with their children, two sons and 

a daughter, is still living in the family home in Washington. 

For several years Mr. Winlock had been aware of the 

existence of an affection of the heart, which, although possibly 

serious, had given no sign of immediate danger. With 

characteristic courage and reticence he went steadily and 

cheerfully about his daily duties, making no sign, even to 

his more intimate friends, of the constant burden of the 

disability. A severe cold in the winter of 1895-J96 reduced 

his strength and he was unable to regain his wonted vigor 

before the exhausting heat of the early summer. 

With the hope of recovering his strength, a trip to Europe 

was undertaken, but neither that nor the tender, watchful 

solicitude of anxious friends availed to restore his flagging 

energies. 

On his return in September he joined his family at Bay 

Head, New Jersey. There his vitality rapidly failed until 

Sunday, September 20, 1896, when, surrounded by those he 

loved, he peacefully lay down the burdens, duties, and joys 

of this life, passing from our sight, but leaving in our 

hearts a precious memory of an active, useful life, a kindly, 
manly, steadfast spirit. 

J. R. Eastman. 



PROCEEDINGS 

OF THE 

PHILOSOPHICAL SOCIETY OF WASHINGTON. 

From the 429th Meeting, January 5, 1895, to the 509th 
Meeting, December 23, 1899. 

FROM THE MINUTES.* 

429th Meeting. January 5, 1895. 

President Dale in the chair. 

Twenty-five members present. 

*The proceedings here printed were compiled, by the chairman of the 

Publication Committee, from the Minutes of the General Meetings. The 

references to places of publication are not recorded in the minutes. To 

obtain these the following circular letter wTas mailed to all living persons 

(except a few whose addresses were not known) who had read papers 

before the Society: 

[June 2, 1900.] 

Dear Sir : From the minutes for the years 1895 to 1899 it appears that 

you have presented to the Philosophical Society of Washington the follow¬ 

ing communications: 

Have these papers ever been published; and, if so, where and when ? 

The proceedings of the Society, 1895-1899, are now nearly ready for the 

press. Added value will be given them by inserting references to places 

of publication. Will you kindly supply without delay the necessary 

references to your own papers above cited? If any are unpublished, 

please so state. 

Very truly yours, 
Marcus Baker, 

Chairman Publication Committee. 

From the replies to this circular, supplemented by additions and veri¬ 

fications in libraries, the citations of places of publication have been 
prepared. 

62—Bull. Phil. Soc., Wash., Vol. 13. (435) 
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Announcement was made of the death, on January 3, 1895, of 
Mr. Daniel Currier Chapman. 

The Auditing Committee elected at the last meeting submitted 
its report, which was adopted. 

REPORT OF THE AUDITING COMMITTEE FOR 1894. 

Washington, January 5, 1895. 

To the Philosophical Society of Washington: 

The undersigned, a committee elected at the annual meeting 
of the Society, December 22, 1894, for the purpose of auditing 
the accounts of the Treasurer, respectfully report as follows: 

We have examined the statement of receipts, including dues, 
interest, and sales, and find the same to be correct. We have 
examined the statements of disbursements, compared it with the 
vouchers, and find that they agree. 

We have examined the returned checks and vouchers and 
find two vouchers unrepresented by checks, these checks being 
for $10 and $27.74 respectively. We have examined the bank 
book and find that the balance reported by it December 18, 
1894, was $633.45, being $37.74 in excess of the balance reported 
by the Treasurer. The difference is accounted for by the two 
checks referred to, which had not been presented at the time 
the bank book was settled. 

We have examined the United States and Cosmos Club bonds 
belonging to the Society and find them to be in amount and 
character as represented in the Treasurer’s report, aggregating 
$5,500. 

W J McGee, Chairman. 
Isaac Winston. 

Cleveland Abbe. 

Mr. William Harkness read a paper on shade-glasses for tele¬ 
scopes in observing the sun. [Not published.] 

Remarks were made upon this paper by Mr. Paul. 

Mr. J. W. Powell presented a communication on The four 
methods of interpreting nature. [Not published.] 

It was discussed by Messrs. Ward, Doolittle, and Bigelow. 
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430th Meeting. January 19, 1895. 

Vice-President Clarke in the chair. 

Thirty-two members present. 

Mr. G. K. Gilbert read a paper on The stratigraphic meas¬ 
urements of geologic time. [Published under the title Sedi¬ 
mentary measurement of Cretaceous time, in the Journal of 
Geology, 1895, vol. 3, pp. 121-127.] 

It was discussed by Messrs. Dutton, McGee, E. Farquhar, 

and Willis. 

431st Meeting. February 2, 1895. 

Vice-President Clarke in the chair. 

Thirty-five members and guests present. 

Announcement was made of the death, on January 22, 1895, 
of Mr. S. V. Benet. 

Mr. G. R. Putnam read a paper entitled Results of a trans¬ 
continental series of gravity measurements. [Published in this 
volume, pp. 31-60.] 

This was supplemented by Mr. G. K. Gilbert with Geolog¬ 
ical notes concerning the same. [Published in this volume, 
pp. 61-75, and under the title, New light on isostasy,in Journal 
of Geology, 1895, vol. 3, pp. 331-334.] 

The papers were discussed by Mr. Preston. 

Mr. W. M. Davis read a communication on The need of re¬ 
organizing geography as a university study. 

It was discussed by Messrs. Abbe, Harrington, Harkness, 

Walcott, Clarke, Goodfellow, H. Farquhar, and Hayden. 

432d Meeting. February 16, 1895. 

President Dall in the chair. 

Thirty-seven members and guests present. 
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Announcement was made of the death, on February 3, 1895, 
of Mr. George E. Curtis. 

The following biographical sketches were read: 

Mr. James Clark Welling, written and read by Mr. J. 
Howard Gore. [Published in Bulletin of the Philosophical 
Society of Washington, vol. xii, pp. 486-496.] 

Mr. Robert Stanton Avery, written and read by Mr. L. P. 
Shidy. [Published in Bulletin of the Philosophical Society of 
Washington, vol. xii, pp. 435-442.] 

Mr. Garrick Mallery, written and read by Mr. Robert 

Fletcher. [Published in Bulletin of the Philosophical Society 
of Washington, vol. xii, pp. 466-471.] 

Mr. Mark W. Harrington read a paper on The Central 
American rainfall. [Published in this volume, pp. 1-30.] 

433d Meeting. March 2, 1895. 

President Ball in the chair. 

Thirty-two members and guests present. 

Announcement was made of the death, on February 25,1895, 
of Mr. William B. Taylor. 

Mr. Wm. H. Dall read a paper on The discovery of marine 
fossils in the Pampean formation by Dr. H. von Ihering. [Pub¬ 
lished in Science, 1895, April 19, new series, vol. 1, no. 16, pp. 
421-423.] 

Mr. Alexander McAdie read a paper entitled New cloud 
classifications. [Published in this volume, pp. 77-86.] 

It was discussed by Mr. Harrington. 

Mr. Rogers Birnie read a paper on The army magazine rifle, 
caliber 30, model of 1892. [The facts presented in this paper 
were published in the Report of a Board of Officers convened to 
select magazine arms for the United States military service, 
in pamphlet form and as Appendix 9, Report of the Chief of 
Ordnance, U. S. Army, 1892.] 
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434th Meeting. March 16, 1895. 

President Dall in the chair. 

Thirty-two members and guests present. 

Mr. G. K. Gilbert read a communication giving Additional 
notes on gravity determinations. [Published under the title 
Report on a geologic examination of some Coast and Geodetic 
Survey gravity stations, in U. S. Coast and Geodetic Survey 
Report for 1894, Appendix no. 1, pp. 51-55.] 

It was discussed by Mr. Harkness. 

Mr. Cleveland Abbe discussed the paper of Mr. McAdie, 
read at the last meeting. 

Mr. F. W. Clarke read a paper on The new gas in the atmos¬ 
phere. [Not published.] 

It was discussed by Messrs. Baker, Doolittle, Kummell, 

Chatard. McAdie, Dall, and Ward. 

435th Meeting. March 30, 1895. 

President Dall in the chair. 

Twenty-four members present. 

Announcement was made of the election to membership of 
Elliott Woods and Leland Perry Shidy. 

Mr. C. V. Riley read a paper on Caprification. [Published 
under the title Some entomological problems bearing on Cali¬ 
fornia pomology and the caprification of the fig, in Proceedings 
of the American Pomological Society, 1895, 24th session, p. 113.] 

It was discussed by Messrs'. Kummell and Ashmead. 

Mr. Charles H. Kummell read a paper on The logical neces¬ 
sity that if the attraction of gravitation depends on distance it 
must be in the inverse square. 

It was discussed by Messrs. PIall, Doolittle, Wead, Chris¬ 

tie, H. Farquhar, and Gore. 
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436th Meeting. April 13, 1895. 

President Dall in the chair. 

Thirty-four members present. 

Mr. Simon Newcomb read a paper on The variation of latitude 
as affected by meteorological causes. [Published in the Astro¬ 
nomical Journal, vol. xvi, p. 81, and vol. xix, p. 158.] 

It was discussed by Messrs. Bigelow, Dall, Abbe, PI. Far- 

quhar, Christie, Harkness, Kummell, and Gilbert. 

Mr. Cyrus Adler read a paper on The cotton grotto, an ancient 
quarry in Jerusalem. 

Mr. W J McGee read a paper on Certain influences of aridity 
on life. [Published in revised form under the title The begin¬ 
ning of agriculture, in the American Anthropologist, 1895, Octo¬ 
ber, vol. viii, pp. 350-357.] 

437th Meeting. April 27, 1895. 

President Dall in the chair. 

Thirty-one members and guests present. 

Announcement was made of the death, on April 12, 1895, of 
Mr. W. L. Nicholson. 

Mr. J. S. Billings read a communication on Municipal mor¬ 
tality statistics in the United States. [Not published.] 

It was discussed by Messrs. Pawling, Tittmann, and New¬ 

comb. 

Mr. F. H. Bigelow read a paper on The earth, a magnetic shell. 
[Published in American Journal of Science, 1895, August, vol. 

50, no. 296, pp. 81-99.] 
It was discussed by Messrs. Christie and Dall. 
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438th Meeting. May 11,1895. 

President Dall in the chair. 

Eighteen members present. 

Announcement was made of the election to membership of 
Jesse Pawling, Jr. 

Mr. Rogers Birnie read a paper on Steel cylinders for gun- 
construction; stresses due to interior cooling. [Published in 
this volume, pp. 87-102.] 

It was discussed by Mr. Wead and the author. 

Mr. Alexander S. Christie read a communication on The 
latitude-variation tide. [Published in this volume, pp. 103-122.] 

It was discussed by Messrs. Martin, Paul, Kummell, and 
Hayford. 

439th Meeting. May 25, 1895. 

Vice-President Clarke in the chair. 

Twenty-five members and guests present. 

Announcement was made of the election to membership of 
Adolph Lindenkohl. 

Mr. L. A. Bauer read a communication on The secular varia¬ 
tion of terrestrial magnetism. [Published in American Journal 
of Science, 1895, August, vol. 50, no. 296, pp. 109-115; also Sep¬ 
tember, pp. 189-204; and October, pp. 314-325.] 

Mr. Bauer also read a paper entitled A preliminary analysis 
of the problem of terrestrial magnetism and its variations. [See 
reference above; also Science, vol. i, no. 25.] 

These papers were discussed by Messrs. Abbe, Harrington, 

Christie, and Baker. 
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440th Meeting. October 26, 1895. 

President Dall in the chair. 

Twenty-four members and guests present. 

Announcement was made of the death of General Orlando M. 
Poe, on October 2, 1895, and of Prof. C. V. Riley, on September 
14, 1895. 

Mr. Cleveland Abbe read a paper on Cloud formation and 
cloud nomenclature. [Not published.] 

It was discussed by Mr. Littlehales and the author. 

Mr. E. D. Preston read a paper, written by Mr. Adolph Lxn- 

denkohl, on Results of density observations made between 1874 
and 1878 in the Gulf Stream and in the Gulf of Mexico. [Pub¬ 
lished in U. S. Coast and Geodetic Survey Report for 1895, Ap¬ 
pendix no. 6. An abstract was published in Petermann’s Mit- 
theilungen, 1896, heft 2, and also in Science, 1896, February 21.] 

It was illustrated by maps and discussed by Messrs. Abbe, 

Littlehales, Bigelow, Preston, Dall, and the author. 

Mr. Frank H. Bigelow read a paper on Distribution of the 
sun spots on different meridians. [Published in U. S. Weather 
Bureau, Bulletin no. 21, chapter vi, 1898, pp. 140-146.] 

It was discussed by Messrs. Powell, Paul, and the author. 

441st Meeting. November 9, 1895. 

President Dall in the chair. 

Thirty members and guests present. 

Mr. J. Howard Gore read a paper on International bibliog¬ 
raphy of mathematics. 

It was discussed by Messrs. Martin, Mann, Abbe, Wead, and 
the author. 

Mr. J. W. Powell read a paper on Matter. [For substance 
of this paper see a voluue by J. W. Powell entitled Truth and 
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Error, or the science of intellection. 12°, Chicago, Open Court 
Publishing Co., 1898.] 

It was discussed by Messrs. Bigelow, Doolittle, W. B. Powell, 

Ward, Wead, and the author. 

442d Meeting. November 23, 1895. 

President Dall in the chair. 

Twenty-six members and guests present. 

Announcement was made that the General Committee had 
authorized the Secretary to furnish to “Science” from time to 
time abstracts of the proceedings of the Society, and that authors 
of papers desirous or willing to do so may prepare abstracts of 
their papers to be forwarded by the Secretary for publication in 
“ Science.” 

Mr. F. M. Little read a communication on A mechanical 
method of reducing circular to linear harmonic motion. 

Mr. J. Howard Gore read a communication on the Poor col¬ 
onies of Holland. 

It was discussed by Messrs. Dall and Bigelow. 

Mr. H. A. Hazen read a paper on Aberrations of fog signals. 
It was discussed by Messrs. Dall, Paul, Kummell, H. Far- 

quhar, Wead, and the author. 

443d Meeting. December 6, 1895. 

By the courtesy of the authorities of Columbian University, 
the meeting was held in the lecture-room of that institution. 

Mr. William H. Dall, President of the Society, delivered the 
annual address; subject, Alaska as it was and is, 1865-1895. 
[Published in this volume, pp. 123-162.] 

63—Bull. Phil. Soc., Wash., Vol, 13. 
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444th Meeting. December 21, 1895. 

TWENTY-FIFTH ANNUAL MEETING. 

President Dall in the chair. 

Twenty-four members present. 

The minutes of the Twenty-fourth Annual Meeting were read 
and adopted. 

The annual report of the Secretaries was read and accepted. 

ANNUAL REPORT OF THE SECRETARIES FOR 1895. 

Washington, D. C., December 21, 1895. 

To the Philosophical Society of Washington : 

The Secretaries have the honor to submit the following annual 
report for the year 1895 : 

The number of active members given in the last annual report 
was 155, of which number 6 have died, 5 have resigned, 4 have 
been dropped, and 4 transferred to the absent list. The total 
loss has thus amounted to 19 members, while but 4 new mem¬ 
bers have been elected during the year and 2 transferred from 
the absent to the active list, leaving a net loss to the Society of 
13 members. The present active membership is therefore 142. 

On the absent list there were 70 members at the beginning of 
the year, of whom 3 have died and 1 has resigned. This deple¬ 
tion and the balance of transfers above noted between the active 
and absent lists leaves at the present time a net total of 69 on 
the absent list. 

The grand total of members, both active and absent, is there¬ 
fore 211. 

The active members who died were : 

John Mills Browne. 

Daniel Currier Chapman. 

Stephen Vincent Benet. 

The new members elected are: 

Elliott Woods. 

Jesse Pawling, Jr. 

William Bower Taylor. 

Walter Lamb Nicholson. 

Charles Valentine Riley. 

Leland Perry Shidy. 

Adolph Lindenkohl. 
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The General Committee has held 16 meetings in all—15 reg¬ 

ular and 1 special—the average attendance at which was 11, the 

maximum being 22 and the minimum 8. 

Sixteen meetings of the Society have been held, 14 of which 

were devoted to reading and discussion of papers, 1 to the Pres¬ 

ident’s annual address, and 1 to the annual reports and.election 

of officers. The average attendance at the 14 meetings was 29. 

Thirty-one separate papers were presented by 23 different 

members and 1 guest, and 3 biographies of deceased members, 

namely, James Clark Welling, Robert Stanton Avery, and Gar¬ 

rick Mallery, were read. 

All meetings have been held in the Assembly Hall of the 

Cosmos Club, except that of December 6, which, being the 

occasion of the annual address of the President, William H. 

Dali, was held in the lecture-room of the Columbian University 

by the courtesy of the authorities. 

On February 20 the organization of the Joint Commission of 

the Scientific Societies of this city, which was effected originally 

in 1888, was made more comprehensive by the adoption of a 

new constitution and the enlargement of the Commission to 

include the entire councils or governing bodies of the respective 

societies. Previously the Commission consisted of three dele¬ 

gates from each of the societies. 

The original Commission represented five societies, namely, 

the Anthropological, Biological, Chemical, National Geographic, 

and Philosophical. The present Commission includes, in addi¬ 

tion to these, the Entomological and Geological societies, making 

seven in all. A joint directory is published, and other arrange¬ 

ments are made from time to time of general interest and value 

in the form of joint meetings for special purposes and joint con¬ 

sideration of questions of common interest to the several societies. 

On the 17th of April a meeting of the secretaries of these so¬ 

cieties, called by the President of the Joint Commission, heard 

and considered favorably a request by Prof. J. McK. Cattell, 

editor of Science, that the secretaries should furnish from time 

to time, for publication in that journal, abstracts of the proceed¬ 

ings of the societies. This is being done by some, if not all, of 

the other societies, and recently the General Committee of this 

Society has authorized the Secretary to send to Science the titles 

of papers presented and names of the authors, and to forward 
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also such abstracts as the authors themselves may choose to 

prepare for that purpose. 

It is apparent that the membership of the Society is slowly 

declining, being now but about 70 per cent of the maximum 

reached a few years ago. The average attendance at meetings 

was also less during the past year by 20 per cent than during 

the year 1894, and it is believed that these facts should receive 

the thoughtful consideration of the membership. In this con¬ 

nection, many members may be interested to read again the 

paper of Mr. G. K. Gilbert, presented November 26, 1887, and 

published in volume X of the Bulletin, analyzing the attendance 

and work of the Society from its organization in 1871 to that 

date, and alluding to the recent formation of special societies. 

Bernard R. Green, 

W. C. Winlock, 

Secretaries. 

The annual report of the Treasurer was read and referred to 

an auditing committee consisting of Messrs. Eastman, Abbe, and 

Winston. 

ANNUAL REPORT OF THE TREASURER FOR 1895. 

December 21, 1895. 

To the Philosophical Society of Washington, D. C.: 

The Treasurer has the honor to submit herewith a statement 

of the finances of the Society for the period beginning December 

23, 1894, and ending December 21, 1895. 

The income of the year 1895 was $830.76; the expenses prop¬ 

erly chargeable to that year were $1,055.22, a difference of $224.46 

against the Society on the year’s transactions. 

The investments of the Society amount to $5,500, the securities 

for which are on deposit in the Society’s box at the office of the 

National Safe Deposit, Loan and Trust Company. A list of 

these securities, and of the furniture belonging to the Society, 

will be found at page 542 of volume XII of the Proceedings. 

The assets of the Society are as follows: 

The securities on deposit as above. $5,500 00 

Cash balance at Riggs & Co., per statement herewith. 516 25 

Unpaid dues. 131 00 

Total.. w......... ... $6,147 25 
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The outstanding liabilities, if any, are trifling in amount. 

Respectfully submitted. 

Wm. A. De Caindry, 

Treasurer. 

The election of officers for the ensuing year was then held, 

with the following result: 

President. 

Vice-Presidents 

Treasurer. 
Secretaries. 

. F. W. Clarke. 

Marcus Baker. 0. H. Tittmann. 

F. H. Bigelow. L. F. Ward. 

. W. A. De Caindry. 

. B. R. Green. W. C. Winlock. 

MEMBERS AT LARGE OF THE GENERAL COMMITTEE. 

Cyrus Adler. 

H. H. Bates. 

Rogers Birnie. 

J. Howard Gore. 

C. D. 

G. W. Littlehales. 

H. M. Paul. 

E. D. Preston. 

J. Stanley-Brown. 

LCOTT. 

445th Meeting. January 4, 1896. 

Vice-President Marcus Baker in the chair. 

Twenty-two members present. 

Announcement was made of the standing committees for the 

year as follows: 

Committee on Communications: 

Cyrus Adler, Chairman. 

E. D. Preston. J. Stanley-Brown. 

Committee on Publications: 

Marcus Baker, Chairman. 

W. A. De Caindry. W. C. Winlock. 

The Auditing Committee appointed at the last meeting sub¬ 

mitted its report, which was accepted. 
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REPORT OF THE AUDITING COMMITTEE FOR 1895. 

Washington, D. C., January 3, 1896. 

To the Philosophical Society of Washington : 

The undersigned, a committee elected at the annual meeting 

of the Society, December 21, 1895, for the purpose of auditing 

the accounts of the Treasurer, respectfully report as follows : 

We have examined the statement of receipts, including dues, 

interest, and sales, and find the same to be correct. 

We have examined the statement of disbursements, compared 

it with the vouchers, and find that they agree. 

We have examined the returned checks (including the two 

checks, amounting to $37.74, referred to in the last auditing re¬ 

port) and vouchers and find that they agree. 

We have examined the bank book and find that the balance 

reported by Riggs & Co. December 18, 1895, viz., $516.25, agrees 

with the Treasurer’s report. 

We have examined the United States and Cosmos Club bonds 

belonging to the Society and find them to be in amount and 

character as represented in the Treasurer’s report, aggregating 

$5,500. 

J. R. Eastman. 

Isaac Winston. 

Lieut. W. H. Beehler, U. S. N., read a communication on 

The compensation of vibrations and other motions of a vessel 

at sea for the constant level base of the solarometer. [On this 

subject see a paper entitled The Solarometer, a modern navi¬ 

gating instrument, in Proceedings of the United States Naval 

Institute, vol. xxi, no. 1, whole no., 73.] 

It was illustrated by diagrams and a solarometer. Discussed 

by Messrs. Bigelow, Baker, and the author. 

Mr. E. D. Preston read a paper entitled Graphic reduction 

of star places. [Published in this volume, pp. 163-182.] 

It was illustrated by diagrams and discussed by Messrs. Big¬ 

elow, Win lock, Baker, Farquhar, and the author. 
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446th Meeting. January 18, 1896. 

Vice-President Tittmann in the chair. 

Forty members and guests present. 

Mr. G. Brown Goode read a paper on The principles of mu¬ 

seum administration. [Published in Annual Report of Museum 

Association, York (England), 1895, 73 pp.; also separately.] 

It was discussed by Mr. Baker and the author. 

Mr. Isaac Winston made a communication on The present 

form of precise leveling apparatus in use by the U. S. Coast and 

Geodetic Survey. [Not published.] 

It was illustrated with instruments. 

Mr. G. R. Putnam read a paper on Results of recent pendulum 

observations. [Published in American Journal of Science, 1896, 

March, vol. i, pp. 186-192; also separately.] 

447th Meeting. February 1, 1896. 

President Clarke in the chair. 

Thirty-two members and guests present. 

Mr. Lester F. Ward read a paper on The filiation of the 

sciences. [An abstract of this paper was published in Science, 

1896, February 21, new series, vol. iii, no. 60, pp. 292-294.] 

It was discussed by Messrs. J. W. Powell and Henry Far- 

quhar. 

448th Meeting. February 15, 1896. 

President Clarke in the chair. 

Thirty-five members and guests present. 

Announcement was made of the election to membership of 

Ren£ de Saussure. 
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Mr. W J McGee read a paper on An expedition to Seriland. 

[Published in Science, 1896, April 3, vol. iii, pp. 493-505.] 

Mr. A. M. Ritchie described the Thermophone, showing the 

instrument. 

Mr. W. H. Dall presented a communication on Some char¬ 

acteristics of the genus Spirula. [Published in Science, 1896, 

February 14, new series, vol. iii, no. 59, pp. 243-245.] 

It was illustrated with diagrams and sketches. 

Mr. J. H. Gore read a paper on The Groningen land-lease 

system. 

449th Meeting. February 29, 1896. 

President Clarke in the chair. 

Twenty-five members and guests present. 

Mr. Charles H. Kummell made a communication entitled A 

new solution of the geodetic problem. [An abstract of this 

paper was published in Science, 1896, March 20, new series, 

vol. iii, no. 64, p. 453.] 

Mr. J. Walter Fewkes read a paper on The prehistoric cul¬ 

ture of Tusayan. [Published in the American Anthropologist, 

1896, May, vol. ix, pp. 151-173; also separately. An abstract 

was published in Science, 1896, March 20, new series, vol. iii, 

no. 64, pp. 452-453.] 

It was discussed by Mr. Ward and the author. 

450th Meeting. March 14, 1896. 

President Clarke in the chair. 

Twenty-seven members and guests present. 

Announcement was made of the election to membership of 

James Robison Cook. 
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Mr. Carroll D. Wright read a paper on The factory system 

as an element in civilization. [Published in the Journal of 

Social Science, 1883, May, no. xvii.] 

It was discussed by Messrs. Blount, Ward, Henry Farquhar, 

Gore, Wm. B. Powell, Wead. Hall, Clarke, and the author. 

451st Meeting. March 28, 1896. 

President Clarke in the chair. 

Twenty-three members present. 

Announcement was made of the death of Robert Edward 

Earll, on March 19, 189B, and of Thomas Lincoln Casey, on 

March 25, 1896. 

Announcement was made of the election to membership of 

Mr. Immanuel .Moses Casanowicz. 

Mr. C. R. Dodge read a paper on Some undeveloped American 

fibers. [An abstract of this paper was published in Science, 

1896, April 24, new series, vol. iii, no. 69, pp. 639-640.] 

It was discussed by Messrs. Baker, Shidy, H. Farquhar, 

Bigelow, and the author. 

Mr. Henry Gannett read a paper on Geographic names. 

It was discussed by Messrs. H. Farquhar, Goode, Doolittle, 

Dodge, Baker, Clarke, Paul, Bigelow,Gilbert, and the author. 

452d Meeting. April 11, 1896. 

President Clarke in the chair. 

Thirty-four members and guests present. 

Mr. S. P. Langley made a communication entitled More recent 

observations on the infra-red spectrum. [An abstract of this 

paper was published in Science, 1896, April 24, new series, vol. 

iii, no. 69, pp. 640-641.] 

64—Bull. Phil. Soe,, Wash., Vol. 13. 
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Mr. R. A. Harris read a paper on The analysis and predic¬ 

tion of tides. [An abstract of this paper was published in 

Science, 1896, April 24, new series, vol. iii, no. 69, p. 641.] 

Mr. E. D. Preston read a paper on French, German, and En¬ 

glish systems of shorthand writing. [Not published.] 

453d Meeting. April 25, 1896. 

President Clarke in the chair. 

Thirty-two members and guests present. 

Mr. William Martin Aiken read a paper on The influence 

of climate upon architecture. 

It was illustrated by photographs and maps and discussed by 

Messrs. Adler, Bigelow, Wead, and the author. 
\ 

Mr. Glenn Brown read a paper on Early government archi¬ 

tecture. 

It was illustrated by photographs and discussed by Messrs. 

Clarke, Poindexter, and the author. 

454th Meeting. May 9. 1896. 

President Clarke in the chair. 

Twenty-five members and guests present. 

Announcement was made of the election to membership of 

George Miller Sternberg. 

Mr. Rene de Saussure read a paper on The motion of solid 

bodies. 

It was discussed by Mr. Kummell and the author. 

Mr. J. Elfreth Watkins read a paper entitled A chapter in 

the early history of transportation in America. 
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455th Meeting. May 23, 1896, 

President Clarke in the chair. 

Thirty-four members and guests present. 

Announcement was made of the election to membership of 

Mr. Harry Franklin Flynn. 

The following biographical sketches were read: 

Thomas Antisell, by W. H. Seaman. [Published in this 

volume, pp. 367-370.] 

Stephen Vincent Benet, b}^ Rogers Birnie. [Published in 

this volume, pp. 370-374.] 

J. Mills Browne, by Robert Fletcher. 

Thomas Lincoln Casey, by Bernard R. Green. [Published 

in this volume, pp. 374-380.] 

Robert Edward Earll, by G. Brown Goode. [Published 

in this volume, pp. 388-390.] 

William Lee, by D. Webster Prentiss. [Published in this 

volume, pp. 405-407.] 

Walter Lamb Nicholson, by Edward Goodfellow. [Pub¬ 

lished in this volume, pp. 407-408.] 

Charles Valentine Riley, by L. O. Howard. [Published 

in this volume, pp. 412-416.] 

William Bower Taylor, by W. J. Rhees. [Published in 

abridged form in this volume, pp. 418-426. Published in full 

in the Smithsonian Institution Annual Report for 1896, vol. i, 

p. 645.] 

456th Meeting. October 31, 1896. 

President Clarke in the chair. 

Twenty-five members and guests present. 

Announcement was made of the election to membership of 

Charles Richards Dodge. 

Announcement was made of the deaths, on July 30, 1896, of 

Mr, J. M. Toner; on August 7, 1896, of Mr. Samuel Shella- 
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barger ; on September 6, 1896, of Mr. G. Brown Goode ; on 

September 20, 1896, of Mr. W. C. Winlock. 

Mr. H. G. Ogden read a biographical sketch of Mr. Daniel 

Currier Chapman. [Published in this volume, pp. 381-384.] 

Mr. Simon Newcomb presented a communication on the Bib¬ 

liographical conference at London. [Not published.] 

It was discussed by Messrs. Baker, Adler, Dall, Sternberg, 

Mann, Paul, and the author. 

Mr. Rene de Saussure read a paper on A new trigonometry. 

It was discussed by Messrs. Baker, Harris, and Kummell. 

457th Meeting. November 14, 1896. 

President Clarke in the chair. 

Twenty-two members present. 

Mr. C. D. Walcott presented a communication on A geologic 

reconnaissance in western Nevada and eastern California. [Pub¬ 

lished under the title The Post-Pleistocene elevation of the 

Inyo range and the lake beds of Waucobi embayment, Inyo 

county, California; in Journal of Geology, 1897, vol. 5, no. 4, 

pp. 340-348; also separately.] * 

It was illustrated by a map and diagrams. 

Mr. T. W. Stanton read a paper, written by Mr. Wm. H. Dall, 

on Recent advances in malacology. [Published in Science, 1896, 

November 27, new series, vol. iv, no. 100, pp. 770-773.] 

Mr. J. Howard Gore read a paper on A Dutch experiment 

in socialism. 

458th Meeting. November 28, 1896. 

President Clarke in the chair. 

Twenty members present. 

Mr. Lester F. Ward read a paper on A reconnaissance 

through Indian Territory, Oklahoma, and southwestern Kan- 
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sas. [An abstract of this paper was published in Science, 1896, 

December 11, new series, vol. iv, no. 102, pp. 883-884.] 

Mr. Walter Hough read a paper on The Hopi in relation to 

their plant environment. [Published in the American Anthro¬ 

pologist, 1897, February, vol. x, pp. 33-44; also separately.] 

Mr. G. W. Littlehales gave an exhibition and description 

of a new machine for engraving parts of the plates from which 

charts and maps are printed. [Published in United States Let¬ 

ters Patent no. 561,677.] 

This was discussed by Messrs. Clarke, Preston, Wead, 

Green, Hough, Harkness, and the author. 

459th Meeting. December 12, 1896. 

Vice-President Baker in the chair. 

About one hundred and fifty members and guests present. 

By the courtesy of the authorities this meeting was held in 

the Builders’ Exchange, nos. 719-721 Thirteenth street. 

Mr. Frank Wigglesworth Clarke, the retiring President, 

delivered the annual address on Chemistry in the United States. 

[Published in this volume, pp. 183-204.] 

460th Meeting. December 26, 1896. 

TWENTY-SIXTH ANNUAL MEETING. 

President Clarke in the chair. 

Twenty-three members present. 

The minutes of the Twenty-fifth Annual Meeting were read 

and adopted. 

The annual report of the Secretaries was read and accepted. 
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ANNUAL REPORT OF THE SECRETARIES FOR 1896. 

Washington, D. C., December 26, 1896. 

To the Philosophical Society of Washington: 

The Secretaries have the honor to submit the following report 

for the year 1896 : 

The number of active members at the date of last report was 

142. Of this number 6 have died, 6 have resigned, 10 have been 

transferred to the absent list, and 6 have been dropped for the 

non-payment of dues. Thus there has been a loss of 28. The 

membership has been increased b}' the election of 9 new mem¬ 

bers. The net loss in active membership is therefore 19, and the 

present active membership is 123. 

The number of members on the absent list at date of last 

report was 69. This number was increased during the year by 

10 transfers, making the total number on the absent list, so far 

as known, 79. 

The total membership, both active and absent, is 202. 

The list of deceased members is : 

Thomas Lincoln Casey. Robert Edward Earll. 

George Brown Goode. Samuel Shellabarger. 

Joseph Meredith Toner. William Crawford Winlock. 

The list of new members is : 

Immanuel Moses Casanowicz. 

Charles Richards Dodge. 

Walter Hough. 

Rene de Saussure. 

George Miller Sternberg. 

James Robison Cook. 

Harry Franklin Flynn. 

William Fowke Ravenel Phil¬ 

lips. 

David Watson Taylor. 

The following members were transferred to the absent list: 

Tarleton Hoffman Bean. 

Lincoln Grant Eakins. 

Mark Waldo Harrington. 

William Henry Holmes, 

Alexander McAdie, 

Oliver Lanard Fassig. 

John Fillmore Hayford. 

Joseph Paxson Iddings. 

Jefferson Franklin Moser. 

Jesse Pawling, Jr, 
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The following is the list of resignations: 

Henry Hobart Bates. Alexander Smyth Christie. 

Frederic Perkins Dewey. Joseph Silas Diller. 

John Henry McCormick. Robert Simpson Woodward. 

The General Committee held 16 meetings; average attend¬ 

ance, 10; maximum, 14; minimum, 7. 

The Society held 16 meetings, 14 of which were devoted to 

the reading and discussion of papers, one to the President’s 

annual address, and one to the annual meeting for reports and 

election of officers. The average attendance at the 14 meetings 

was 28, one less than last year. 

Thirty-one papers were presented by 20 members and 6 guests. 

Ten biographical notices of deceased members were read, as 

follows: 

Thomas Antisell. 

John Mills Browne. 

Daniel Currier Chapman. 

William Lee. 

Charles Valentine Riley. 

Stephen Vincent Benet. 

Thomas Lincoln Casey. 

Robert Edward Earll. 

Walter Lamb Nicholson, 

William Bower Taylor. 

All meetings were held in the Assembly Hall of the Cosmos 

Club except that of December 12, which, being the occasion of 

the annual address of the President, was held at the Builders’ 

Exchange, No. 719-721 Thirteenth street. 

Two papers were published during the year, viz., Alaska as it 

was and is 1865-1895, the presidential address delivered by Mr. 

W. H. Dali; and, Graphic reduction of star places, by Mr. E. D. 

Preston. 

On January 18,1896, Mr. Rogers Birnie was elected Treasurer 

in place of Mr. W. A. De Caindry, resigned. 

On October 31, 1896, Mr. J. Elfreth Watkins was elected Sec¬ 

retary in place of Mr. W. C. Winlock, who died September 20. 

Bernard R. Green, 

J. Elfreth Watkins, 

Secretaries. 

The annual report of the Treasurer was read and referred to 

an auditing committee consisting of Messrs. Henry Farquhar, 

C. K. Wead, and Walter Hough. 
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ANNUAL REPORT OF THE TREASURER FOR 1896. 

Washington, D. C., December 26, 1896. 

To the Philosophical Society of Washington, D. C.: 

This report of the finances of the Society covers the yearly 

period from December 21, 1895, to December 26, 1896. 

The funds and property of the Society for which the Treasurer 

is accountable, including the balance of $516.25, per last annual 

report, were received from Mr. Wm. A. De Caindry on January 

21, 1896. 

The income of the year 1896 is $797.35, the expenses properly 

chargeable to the year are $479.08, leaving a surplus of $318.27 

on the year’s transactions. 

On January 21, 1896, three Cosmos Club 5.20 bonds of 1886 

(Nos. 17, 132, and 153), were relinquished, having been per¬ 

emptorily redeemed by the Cosmos Club as determined by draw¬ 

ing by lot. The investments of the funds of the Society now 

amount to $5,200, in securities, which are deposited in the So¬ 

ciety’s box at the office of the National Safe Deposit, Loan and 

Trust Company, as follows : 

Two U. S. 4 per cent, bonds, No. 64,596, for $500, and No. 

135,639, for $1,000. 

Thirty-seven Cosmos Club 5.20 bonds, 1886, $100 each, Nos. 

16, 18, 19, 20, 21, 22, 45, 70, 119, 120,121,122,123,124,125,126, 

127, 128, 129, 130, 131, 135, 136, 155, 156, 159,161,162,163,164, 

165, 166, 167, 185, 193, 194, 195. 

The assets of the Society are : k 

The securities deposited as stated. $5,200 00 

Cash balance at the Riggs National Bank, per state¬ 

ment herewith. 1,230 38 

Unpaid dues.   120 00 

Total. $6,550 38 

There are no outstanding liabilities to report. 

Respectfully submitted. 

R. Birnie, 

Treasurer. 
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The election of officers for the ensuing year resulted as follows 

President.Marcus Baker. 

Vice-Presidents I F' H- Bigelow. L. P. Ward. 
Vue-1 residents.{ O. H. Tittmann. C. D. Walcott. 

Treasurer.Rogers Birnie. 

Secretaries.J. Elfreth Watkins. B. R. Green. 

MEMBERS AT LARGE OF THE GENERAL COMMITTEE. 

Cyrus Adler. 

William A. De Caindry. 

J. Howard Gore. 

G. W. Littlehales. 

H. M. Paul. 

E. D. Preston. 

G. M. Sternberg. 

F. W. True. 

Richard Rathbun. 

461st Meeting. January 9, 1897. 

President Baker in the chair. 

Thirty-five members and guests present. 

Announcement was made of the standing committees as 

follows : 

Committee on Communications: 

Cyrus Adler. G. K. Gilbert. E. D. Preston. 

Committee on Publications: 

H. M. Paul. F. H. Newell. G. W. Littlehales. 

The report of the Auditing Committee appointed at the last 

meeting was read and accepted. 

REPORT OF THE AUDITING COMMITTEE FOR 1896. 

Washington, January 5, 1897. 

To the Philosophical Society of Washington: 

The undersigned, a committee selected at the annual meeting 

of the Society, December 26, 1896, to audit the accounts of the 

Treasurer, respectfully report as follows: 

65—Bull. Phil. Soc„ Wash., Vol. 13. 
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We have examined the vouchers of expenses of Mr. R. Birnie, 

Treasurer, and find them correct. 

We have examined his statement of receipts from dues of 

members, interest on bonds, and sales of publications and find 

said receipts to be in accordance with said statement. 

We have examined the United States and Cosmos Club bonds 

belonging to the Society and find them to be in amount and 

character as reported by the Treasurer, aggregating $5,200. 

Henry Farquhar. 

Walter Hough. 

Mr. J. R. Eastman read a biographical sketch of Mr. William 

Crawford Winlock. [Published in this volume, pp. 431-434.] 

Mr. Ainsworth R. Spofford read a biographical sketch of Mr. 

J. M. Toner. [Published in this volume, pp. 426-430.] 

Mr. L. A. Bauer read a paper entitled Earth-air electric cur¬ 

rents. [Published in Terrestrial Magnetism. 8°, Cincinnati, 

1897, March, vol. ii, pp. 11-22.] 

It was discussed by Messrs. Bigelow, Littlehales, Baker, 

and the author. 

4623 Meeting. January 23, 1897. 

Vice-President BiGELOwin the chair. 

Seventeen members and guests present. 

Announcement was made of the election to membership oi 

Philip Rounseville Alger and James Page. 

Mr. Frank H. Bigelow read a paper on The problem of inter¬ 

national cloud observations. [Not published.] 

It was discussed by Mr. Abbe and the author. 

Mr. C. H. Kummell read a paper on A binomial theorem ex¬ 

pressed in the form of a factorial which is always convergent. 

It was discussed by Mr. Gore and the author. 
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463d Meeting. February 6, 1897. 

President Baker in the chair. 

Forty-three members and guests present. 

Mr. Cyrus Adler presented a communication on The Jewish 

calendar. 

It was discussed by Messrs. Newcomb, Baker, and the author. 

Mr. J. R. Eastman read a paper on The relations of science 

and the scientific citizen to the general government. [Published 

in Science, 1897, April 2, new series, vol. v, no. 118, pp. 525-531.] 

Mr. Marcus Baker made a communication on The Philo¬ 

sophical Society. [Not published.] 

These papers were discussed by Messrs. Walcott, Gore, Stern¬ 

berg, Eastman, Dall, Ward, Adler, and Bigelow. 

464t,h Meeting. February 20, 1897. 

Vice-President Bigelow in the chair. 

Twenty-seven members and guests present. 

Mr. E. D. Preston read a paper on The transcontinental arc 

from Cape May to San Francisco. [Published in this volume, 

pp. 205-222.] 

It was discussed by Messrs. Green, Kummell, Bigelow, and 

the author. 

Mr. William Eimbeck read a paper on The new primary base 

apparatus of the U. S. Coast and Geodetic Survey. [Published 

in Coast and Geodetic Surve}r Report for 1897, Appendices 11 

and 12, pp. 737-774.] 

It was illustrated by an exhibition of a five-meter bar, and 

discussed by Messrs. Preston, Tittmann, Birnie, Bigelow, Kum¬ 

mell, and the author. 

Mr. Charles Richards Dodge read a paper on The systematic 

classification of textile and other useful fibers of the world, 
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Mr. J. Howard Gore read a paper on A Dutch practical 

charity. 

It was discussed by Messrs. Bigelow, G. L. Burr, and the 

author. 

465th Meeting. March 6, 1897. 

President Baker in the chair. 

Seventeen members present. 

Mr. J. W. Powell read a paper on Principles of classification. 

[For the substance of this paper see “ On Regimentation,” Fif¬ 

teenth Annual Report of the Bureau of Ethnology, pp. civ- 

cxxi, Washington, 1897.] 

It was discussed by Messrs. Ward, Baker, and the author. 

Mr. J. Elfreth Watkins read a paper on A forgotten experi¬ 

ment of Franklin’s. 

Mr. Baker read a paper on The boundary of the District of 

Columbia. [Published in the Records of the Columbia Historical 

Society, 1897, vol. i, pp. 215-224.] 

466th Meeting. March 20, 1897, 

President Baker in the chair. 

Eighty-two members and guests present. 

Mr. S. P. Langley made a communication on Mechanical 

flight. [For the substance of this paper see McClure’s Maga¬ 

zine, 1897, June.] 

This was discussed by Messrs. Paul, Gilbert, Hazen, and 

Spofford. 

Mr. George M. Sternberg made a communication on Toxins 

and anti-toxins. [Not published.] 

It was discussed by Messrs. Kummell. Gordon, Mann, and 

the author. 
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Mr. C. K. We ad read a paper on Mediaeval church organs. 

[Published in full in Music, Chicago, February, 1897; also in 

Proceedings of the American Association for the Advancement 

of Science, 1899, pp. 96-102.] 

467th Meeting. April 3, 1897. 

President Baker in the chair. 

Eighteen members and guests present. 

Announcement was made of the election to membership of 

Mr. Paul Brockett and Mr. L. Eugene Emerson. 

Announcement was made of the arrangement between this 

Society and the Chemical Society of Washington, in accordance 

with which members of either Society may, upon giving notice 

to the Secretary of the other, receive the regular notices of its 

meetings, and be welcome to attend them. 

Mr. Gilbert Thompson read a paper on The Washington 

monument as a sun dial. [Not published.] 

It was illustrated by diagrams and discussed bv Messrs. 

Baker and Kummell. 

Mr. Charles H. Kummell presented a communication entitled 

Discussion of merit contests in college examinations by the 

method of least squares. 

It was discussed by Messrs. Bigelow, Gore, Baker, and the 

author. 

468th Meeting. April 17, 1897. 

President Baker in the chair. 

Fifty-one members and guests present. 

Announcement was made of the election to membership of 

Mr. Frederick Haynes Newell. 

Mr. B. E. Fernow read a paper on The policy of forest reser¬ 

vations. [The substance of this paper was published in a sepa¬ 

rate pamphlet by the American Forestry Association in 1895.] 
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It was discussed by Messrs. Tittmann, Walcott, Abbe, and 

Steele. 

Mr. C. F. Marvin read a paper on Recent progress in the 

development of the kite. [Published, under the title The me¬ 

chanics and equilibrium of kites, in Monthly Weather Review, 

4°, Washington, 1897, April, vol. xxv, pp. 136-161; also sep¬ 

arately as “ W. B. no. 122,” entitled A monograph on the me¬ 

chanics and equilibrium of kites.] 

It was illustrated by models. 

Mr. H. A. Hazen read a paper on The evolution of a soaring 

kite. 

It was illustrated by lantern slides. 

469th Meeting. May 1, 1897. 

President Baker in the chair. 

Twenty-one members present. 

The two papers on The evolution of the kite, presented at the 

last meeting, were discussed by Messrs. Marvin, Bigelow, Lang 

ley, Paul, and Hazen. 

Mr. C. K. Wead read a communication on A system of genea¬ 

logical notation. [Not published.] 

It was discussed by Messrs. Paul, Hazen, and Mann. 

Mr. Cyrus Adler spoke on the subject of A proposed cata¬ 

logue of Egyptian papyri and royal monuments. 

This was discussed by Mr. Hough. 

470th Meeting. May 15, 1897. 

President Baker in the chair. 

Eleven members present. 

Announcement was made of the death, on April 17, 1897, of 

Mr. Charles Hugo Kummell. 
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Mr. F. H. Bigelow read a paper on The earth’s magnetic field. 

[Published in U. S. Weather Bureau Bulletin no. 21 (W. B. no. 

150), 1898, chap, iv, pp. 81-98.] 

It was discussed by Messrs. Baker and Wead. 

471st Meeting. May 29, 1897. 

President Baker in the chair. 

Twenty-eight members and guests present. 

Mr. J. S. Diller read an obituary notice, prepared by him¬ 

self and Mr. 0. L. Fassig, of Mr. George E. Curtis. [Published 

in this volume, pp. 384-387.] 

Mr. W J McGee read a paper on Some relations between man 

and lower animals. [Published under the title Beginning of 

zooculture ; in the American Anthropologist, 1897, July, vol. x, 

pp. 215-230.] 

Mr. Baker made a communication on The Venezuelan Bound¬ 

ary Commission and its work. [Published in the National 

Geographic Magazine, July-August, 1897, vol. viii, pp. 193-201.] 

It was illustrated by maps. 

472d Meeting. October 16, 1897. 

President Baker in the chair. 

Seventeen members present. 

Announcement was made of the election to membership of 

Mr. Charles Colt Yates. 

Mr. G. W. Littlehales read a paper on Secular change in 

the direction of the terrestrial magnetic field at the earth’s sur¬ 

face. [Published in this volume, pp. 269-336.] 

It was discussed by Messrs. Bigelow, Gilbert, and Tittmann. 

Mr. H. A. Hazen read a paper entitled Is the water-level of 

Lake Michigan gradually diminishing? 

It was discussed by Messrs. Gilbert and Birnie. 
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473d Meeting. October 30, 1897. 

President Baker in the chair. 

Thirty-four members present. 

Announcement was made of the death, on October 18, 1897, 

of Mr. Newton Lemuel Bates. 

Mr. R. T. Hill read a paper on Geographic changes in trop¬ 

ical America in late geologic time. [Published in Bulletin of 

the Museum of Comparative Zoology at Harvard College, Cam¬ 

bridge, 1899, September, vol. xxxiv (geological series, vol. iv), 

pp. 198-224.] 

It was illustrated by maps and diagrams and discussed by 

Mr. Bailey Willis. 

Mr. McGee opened a discussion on the Two Associations for 

the Advancement of Science, viz., the American and the British. 

The discussion was continued by Messrs. PIarkness, Gill, Dall, 

Bigelow, and Wiley. 

474th Meeting. November 13, 1897. 

President Baker in the chair. 

Seventeen members present. 

Mr. Bigelow read a communication on The probable state of 

the sky along the eclipse track of May 28, 1900. [Published in 

Monthly Weather Review, 4°, Washington, 1897, September, 

vol. xxv, pp. 394-395; also separately by the Weather Bureau 

as “ W. B. no. 142.”] 

It was discussed by Messrs. Abbe, Bigelow, Birnie, and 

Baker. 

Mr. J. Howard Gore read a paper on the Antwerp nations— 

profit-sharing labor organizations. 

It was discussed by Messrs. Watkins, Blount, Wead, Baker, 

and the author. 
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Mr. Baker presented some notes on The origin of the dollar 

symbol. [An abstract of this communication was published in 

the Independent, 1899, March 16, vol. li, pp. 756-757.] 

It was discussed by Messrs. Martin, Blount, H. Farquhar, 

Birnie, Gore, and the author. 

475th Meeting. November 27, 1897 

President Baker in the chair. 

Twenty-eight members present. 

Announcement was made of the election to membership of 

Herbert Friedenwald. 

Mr. George M. Sternberg read a paper on The Twelfth Inter¬ 

national Medical Congress. [Not published.] 

Mr. O. H. Tittmann read a paper on A year’s work of the In¬ 

ternational Bureau of Weights and Measures. 

It ’was discussed by Messrs. Harkness, Wead. Eimbeck, 

Henry Farquhar, and Baker. 

Mr. George P. Merrill read a paper on The Seventh Inter¬ 

national Congress of Geologists. [Not published.] 

It was illustrated by maps and photographs. 

476th Meeting. December 11, 1897 

TWENTY-SEVENTH ANNUAL MEETING. 

President Baker in the chair. 

Twenty-six members present. 

Announcement was made of the election to membership of 

Mr. George Colton Maynard. 

The minutes of the Twenty-sixth Annual Meeting were read 

and adopted. 
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The report of the Secretaries was read and accepted. The 

following is the 

ANNUAL REPORT OF THE SECRETARIES FOR 1897. 

Washington, D. C., December 11, 1897. 

To the Philosophical Society of Washington: 

Gentlemen: Your Secretaries have the honor to submit the 

following report for the year 1897 : 

The number of active members at the date of the last annual 

report was 123. Of this number 2 have died, 4 have resigned, 2 

have been transferred to the absent list, and 4 have been dropped 

for non-payment of dues. There has thus been a loss of 12 

members. The membership has been increased by the election 

of 8 new members and by the transfer of 2 from the absent to 

the active list. There has thus been a net loss of 2, and the 

present active membership is 121. 

The number of members on the absent list at date of last re¬ 

port was 79. This number was decreased by 2 transfers to the 

active list and increased by 2 transfers from the active lisf, leav¬ 

ing the number on the absent list the same as at date of last 

report, viz., 79. 

The following is the list of new members : 

Philip Rounseville Alger. 

L- Eugene Emerson. 

George Colton Maynard. 

James Page. 

Paul Brockett. 

Herbert Friedenwald. 

Frederick Haynes Newell. 

Charles Colt Yates. 

The active members who died during the year are: 

Newton Lemuel Bates. Charles Hugo Kummell. 

The transfers from the absent to the active list are: 

William Henry Holmes. Henry Smith Pritchett. 

And from the active to the absent list: 

Asaph Hall. Charles Richard Van Hise. 

The resignations are : 

Philip Rounseville Alger. Stimson Joseph Brown. 

Myrick Hascall Doolittle. John Sherman. 
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The General Committee held 15 meetings; average attend¬ 
ance, 10. 

The Society held 16 meetings, of which 15 were for the read¬ 
ing and discussion of papers and one was the annual meeting 
for reports and election of officers. The average attendance was 
29. Thirty-five papers were read by 24 members. Also bio¬ 
graphical notices were read of— 

George Edward Curtis. Joseph Meredith Toner. 

William Crawford Winlock. 

All meetings were held in the Assembly Hall of the Cosmos 
Club, 1518 H street. 

Two papers were published during the year, viz., Chemistry 
in the United States, by F. W. Clarke; The transcontinental 
arc, by E. D. Preston. 

Bernard R. Green, 

J. Elfreth Watkins, 

Secretaries. 

The report of the Treasurer was read and referred to an 
auditing committee, consisting of Messrs. McGee, Winston, and 
Martin. The following is the 

ANNUAL REPORT OF THE TREASURER FOR 1S97. 

Washington, D. C., December 11, 1897. 

To the Philosophical Society of Washington, D. C.: 

This report covers the yearly period from December 26, 1896, 
to December 11, 1897. 

The income and expenses of the year 1897, aside from the 
redemption, sale, and purchase of bonds, are as follows : Income, 
$826.46 ; expenses, $284.61, leaving a surplus of $542.05 on ordi¬ 
nary transactions for the year. 

On February 6, 1897, acting upon a report of the same date, 
submitted by a subcommittee composed of Messrs. Baker, East¬ 
man, and Birnie, that had been appointed to consider the matter 
of investment of funds of the Society, the General Committee 
directed the Treasurer to purchase one $1,000 6 per cent, bond 
of the Columbia Street Railway Company, and at the same time 
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authorized him to exchange Cosmos Club bonds of the first issue 

on hand for those of the second and third issues, so as to retain, 

if practicable, the same amount of investment in these bonds 

as then held, inasmuch as the bonds of the first issue are now 

being redeemed by the Club. Several exchanges of these bonds 

have been effected through the kind cooperation of Mr. Wm. A. 

De Caindry, treasurer of the Cosmos Club. 

The transactions in bonds during the year are as follows: 

Redeemed one $100 Cosmos Club 5 per cent, bond of 1886; 

sold two $100 Cosmos Club 5 per cent, bonds of 1886; purchased 

two $100 Cosmos Club 5 per cent, bonds of 1891; purchased one 

$1,000 Columbia Street Railway 6 per cent, bond; exchanged 

five $100 Cosmos Club 5 per cent, bonds of 1886 for five of 1893, 

making a net increase of $900, face value, in the bond invest¬ 

ments of the Society. These investments now amount to $6,100 

in securities, which are deposited in the Society’s box with the 

National Safe Deposit, Loan and Trust Company, as follows: 

Two U. S. 4 per cent, registered bonds, No. 64,596, for $500, 

and No. 135,639, for $1,000 ; twenty-nine Cosmos Club 5 per cent, 

bonds of 1886 for $100 each, Nos. 70,119,120,121,122,123,124, 

125. 126, 127, 128, 129, 130, 135, 136, 155, 156,159,161,162,163, 

164,165,166,167,185,193,194,195; two Cosmos Club 5 per cent. 

bonds of 1891 for $100 each, Nos. 217 and 245 ; five Cosmos Club 

5 per cent, bonds of 1893 for $100 each, Nos. 1, 53, 56, 57, and 

81; one Columbia Street Railway 6 per cent, bond, No. 299, for 

$1,000. 
The present assets of the Society are : 

The securities, deposited as stated, face value. $6,100 00 

Cash balance with the Riggs National Bank, as per 

statement appended. 712 42 

Unpaid dues.   110 00 

Total. $6,922 42 

There are no outstanding liabilities to report. 

Respectfully submitted. 

R. Birnie, 

Treasurer. 
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The election of officers for the ensuing year was then held, 

with the following result: 

President. 

Vice-Presidents, 

Treasurer. 

F. H. Bigelow. 

( G. M. Sternberg. 

\ 0. H. Tittmann. 

Rogers Birnie. 

Secretaries.J. Elfreth Watkins. 

C. D. Walcott. 

L. F. Ward. 

E. D. Preston. 

MEMBERS AT LARGE OF THE GENERAL COMMITTEE. 

Cyrus Adler. 

W. A. De Caindry. 

J. H. Gore. 

Bernard R. Green. 

F. W. 

G. W. Littlehales. 

H. M. Paul. 

H. S. Pritchett. 

Richard Rathbun. 

True. 

477th Meeting. January 8, 1898. 

President Bigelow in the chair. 

Twenty-nine members present. 

Announcement was made of the standing committees for the 

year as follows: 

J. H. Gore. 

Committee on Communications: 

H. S. Pritchett. F. W. True. 

Marcus Baker. 

Committee on Publications: 

J. Elfreth Watkins. Cyrus Adler. 

The report of the Auditing Committee appointed at the last 

meeting was submitted and accepted. 

REPORT OF THE AUDITING COMMITTEE FOR 1897. 

Washington, D. C., December 16, 1897. 
© 

To\the Philosophical Society of Washington : 

The undersigned, a committee appointed at the annual 

meeting of the Society, December 11, 1897, for the purpose of 
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auditing the accounts of the Treasurer, respectfully report as 

follows: 

We have examined the statement of receipts, including dues, 

interest, and sales, and find the same to be correct. 

We have examined the statement of disbursements, compared 

it with the vouchers, and find that they agree. 

We have examined the returned checks and vouchers and 

find one voucher unrepresented by a check, this check being 

for $0.30. 

We have examined the bank book and find that the balance 

on deposit reported by Riggs & Co. December 11, 1897, viz., 

$712.72, agrees with the Treasurer’s report if the outstanding 

check for $0.30, above mentioned, is deducted. 

We have examined the United States and Cosmos Club bonds 

and the bond of the Columbia Street Railway Company and 

find them to be in amount and character as represented in the 

Treasurer’s report, aggregating $6,100. 

Isaac Winston. 

Artemas Martin. 

Mr. J. E. Watkins read a paper on The transportation and 

lifting of heavy bodies by the ancient engineers—a possible 

method. [Published in Cassiers Magazine, New York, 1898, 

December, vol. xv, no. 2, pp. 108-114; republished, with addi¬ 

tions, in Smithsonian Institution Annual Report for 1898.] 

It was discussed by Messrs. Adler, Bigelow, Dall, Wead, 

and the author. 

Mr. T. J. J. See read a paper on Recent discoveries of double 

stars in the Southern hemisphere. 

It was discussed by the President and by Messrs. Hedrick, 

Abbe, Walcott, and the author. 

Mr. C. D. Walcott read a paper on The United States forestry 

reserves. [Published in Popular Science Monthly, 1898, Feb¬ 

ruary, pp. 1-13; also separate^.] 

It was discussed by Mr. Birnie and the author. 
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478th Meeting. January 22, 1898. 

President Bigelow in the chair. 

Twelve members present. 

Mr. Walter Hough read a paper on The origin and range of 

the Eskimo lamp. [Published in the American Anthropologist, 

1898, April, vol. xi, pp. 116-122; also separately.J 

It was discussed by Messrs. Dall, Watkins, the President, 

and the author. 

Mr. J. H. Gore read a paper on Gheel, a colony of the insane. 

It was discussed by Mr. Bell, the President, and the author. 

479th Meeting. February 5. 1898. 

President Bigelow in the chair. 

Twenty-six members present. 

Mr. H. W. Wiley addressed the Society on the subject of 

Useful bacteria. [Not published.] 

It was discussed by Messrs. Sternberg, Bigelow, and Shidy. 

Mr. George M. Sternberg read a paper on Pathogenic bac¬ 

teria. [Not published.] 

It was discussed by Messrs. Bigelow, True, and the author. 

Mr. E. A. de Schweinitz read a paper on Toxins and anti¬ 

toxins. [Published as Bulletin no. 23, Bureau of Animal In¬ 

dustry, Department of Agriculture, 1898 and 1899; also in 

Annual Report of Bureau of Animal Industry for 1898.] 

It was discussed by Messrs. Bigelow, Sternberg, and the 

author. 

480th Meeting. February 19, 1898. 

President Bigelow in the chair. 

Eighteen members present. 
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Mr. H. A. Hazen read a paper on Weather folk-lore, its origin 

and value. 

It was discussed by Messrs. Bigelow, Sternberg, Ball, 

Green, and the author. 

Mr. W. H. Ball read a paper on The condition of Tertiary 

paleontology in the United States. [Not published.] 

481st Meeting. March 5, 1898. 

President Bigelow in the chair. 

Nineteen members present. 

The Secretary read a paper prepared by Mr. A. Lindenkohl 

on The specific gravity of the waters of the northeast Pacific 

ocean. [Published in U. S. Coast and Geodetic Survey Report 

for 1898, Appendix no. 10; also in Petermann’s Mittheilungen, 

1897, heft xii; also in Science, 1898, Becember 30, new series, 

vol. viii, no. 209, pp. 941-944.] 

It was discussed by Messrs. Ball, Preston, Littlehales, and 

the author. 

Mr. F. H. Bigelow read a paper on The results of balloon 

ascensions in determining the temperature of the air. [Pub¬ 

lished in International Cloud Report, 1899, p. 750.] 

It was discussed by Messrs. Hazen, Tittmann, Ball, and the 

author. 

482d Meeting. March 19, 1898. 

President Bigelow in the chair. 

Twenty-six members present. 

Announcement was made of the election to membership of 

William Candler Hodgkins. 

Mr. H. Friedenwald read a paper on The Beclaration of 

Independence: A summary of colonial grievances. [Not pub- 

linhecL] 
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Mr. Bigelow read a paper on The state of the Philosophical 
Society. [Not published.] 

It was discussed by Messrs. Mann, Gore, Clarke, Wead, 

Farquhar, Dall, Eastman, Baker, Adler, and the author. 

483d Meeting. April 2, 1898. 

The address of the retiring President, Mr. Marcus Baker, 

on A century of geography in the United States, was delivered 
at the Cosmos Club. [Published in this volume, pp. 223-240; 
also in Science, 1898, April 22, new series, vol. vii, no. 173, pp. 
541-551.] 

484th Meeting. April 16, 1898. 

President Bigelow in the chair. 

Twenty-two members present. 

Mr. C. C. Yates read a paper on Personal equation in esti¬ 
mating tenths. [For brief abstract of this paper see Science, 
1898, May 6, new series, vol. vii, no. 175, p. 647.] 

It was discussed by Messrs. Paul, Preston, Baker, Bigelow, 

Gore, and the author. 

Mr. G. W. Littlehales read a paper on The progress in trans¬ 
oceanic navigation in the eighteenth and nineteenth centuries. 
[For brief abstract of this paper see Science, 1898, May 6, new 
series, vol. vii, no. 175, p. 647.] 

Mr. Signe Rink read a paper on The origin of the Eskimo 
name for the white man. 

It was discussed by Messrs. Ball and Bigelow. 

485th Meeting. April 30, 1898. 

President Bigelow in the chair. 

Twenty-three members present. 
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Mr. William Eimbeck read a paper on Terrestrial refraction. 
[To be published in Coast and Geodetic Survey Report for 1899.] 

It was discussed by Messrs. Pritchett, Bigelow, Preston, 

We ad, and the author. 

Mr. E. D. Preston read a paper on Recent progress in geodesy. 
[Published in this volume, pp. 251-268.] 

It was discussed by Messrs. Gore, Bigelow, Wilczynski, and 
Pritchett. * 

486th Meeting. May 14, 1898. 

President Bigelow in the chair. 

Twenty-four members present. 

This evening was devoted to a discussion of plans for the 
work of the Society. 

487th Meeting. May 28, 1898 

President Bigelow in the chair. 

Fourteen members present. 

Mr. Baker read a biographical notice of Charles PIugo 

Kummell. [Published in this volume, pp. 404-405.] 

Mr. Tittmann read a biographical notice of Orlando M. Poe. 

[Published in this volume, pp. 409-412.] 

Mr. L. A. Fischer read a paper on The comparison of line and 
end standards. [Published in this volume, pp. 241-250; also 
an abstract in Science, 1898, June 17, new series, vol. vii, no. 
181, pp. 839-840.] 

It was discussed by Mr. Hayford. 

Mr. A. Lindenkohl read a paper on The submerged terminal 
moraines of the southern coast of New England. [An abstract 
of this paper was published in Science, 1898, June 17, new series, 
vol. vii, no. 181, p. 840.] 

It was discussed by Messrs. Dall and Bigelow. 
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483th Meeting. October 29, 1898. 

President Bigelow in the chair. 

Twenty-three members present. 

Mr. Cleveland Abbe read a communication on Weather, 
climate, and crops. [Not published.] 

It was discussed by Messrs. Baker, Paul, Bigelow, Doolittle, 

and Gore. 

Mr. Rollin A. Harris read a communication on Particular 
solutions of certain partial differential equations occurring in 
mathematical physics. 

It was discussed by Messrs. Bigelow, Abbe, and Gore. 

489th Meeting. November 12, 1898. 

President Bigelow in the chair. 

Twenty-two members present. 

Mr. E. Goodfellow read a paper on The Philippines. 
It was discussed by Messrs. Abbe, Bigelow, Dall, Gore, 

Proctor, and Ogden. 

490th Meeting. November 26, 1898. 

President Bigelow in the chair. 

Twenty-six members and guests present. 

Mr. E. D. Preston read a paper on The International Geo¬ 
detic Association meeting at Stuttgart, October 3-12,1898. [Pub¬ 
lished in Science, 1898, December 16, new series, vol. viii, no. 
207, pp. 841-847.] 

It was discussed by Messrs. Bigelow, Pritchett, and Gore. 

Mr. Cyrus Adler read a paper on The International Catalogue 
of Scientific Literature. 

It was discussed by Messrs. Bigelow, Paul, Dall, and Wead. 
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Mr. Ren]i! de Saussure read a paper on Graphical determina¬ 
tions of stream lines. 

It was discussed by Mr. Bigelow. 

491st Meeting. December 10, 1898. 

President Bigelow in the chair. 

Thirty members and guests present. 

Messrs. Wead and Goodfellow were appointed an auditing 
committee. 

Mr. Adler made an informal communication on The forging 

of antiquities. 

Mr. Ren£ de Saussure read a paper on Graphic determina¬ 
tions of stream lines in vortex motion. 

It was discussed by Messrs. Bigelow, Gore, and the author- 

Mr. W. H. Dall read a paper on The proposed University of 
the United States. [Published in the American Naturalist, 1899, 
February, vol. xxxiii, no. 386, pp. 97-107.] 

It was discussed by Messrs. Sternberg, Ward, Adler, Abbe, 

and Gore. 

Mr. Bigelow read a paper on Two remarkable semi-diurnal 
periods. [Published in International Cloud Report, 1899, p. 
474.] 

492d Meeting. December 22, 1898. 

TWENTY-EIGHTH ANNUAL MEETING. 

President Bigelow in the chair. 

Fourteen members present. 

The minutes of the Twenty-seventh Annual Meeting were 
read and adopted. 

The annual report of the Secretaries was read and accepted. 
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ANNUAL REPORT OF THE SECRETARIES FOR 1898. 

Washington, D. C., December 22, 1898. 

To the Philosophical Society of Washington: 

The Secretaries have the honor to submit the following annual 
report for the year 1898: 

The number of active members at date of last annual report 
was 121. Of this number 6 have resigned, and 1 was dropped 
for non-payment of dues. Thus there has been a loss of 7. The 
membership has been increased by the election of 4 new mem¬ 
bers. The net loss is 3, and the present active membership 
is 118. 

The number of members on the absent list at date of last 
report was 79. So far as known this number remains unchanged. 

No deaths have occurred among the active members. 
The new members are : 

Lyman James Briggs. William Candler Hodgkins. 

Frank Milton Little. Frank Gustav Radelfinger. 

The members who resigned are : 

Edward Farquhar. Bernhard Eduard Fernow. 

John Nelson James. Ainsworth Rand Spofford. 

Joseph Stanley-Brown. Gilbert Thompson. 

The General Committee held 15 regular and 2 special meet¬ 
ings. 

The first special meeting was held December 18, 1897, “ to 
consider the report of a conference committee upon a joint 
organization of the Scientific Socities of Washington.” The 
second special meeting was held July 23, 1898, to electa Treas¬ 
urer to serve during the absence from Washington of Mr. Birnie. 
The average attendance at the meetings of the General Com¬ 
mittee was 11. 

The Society held 16 meetings, 13 of which were devoted to 
the reading and discussion of papers, one to the President’s 
annual address, one to a discussion of the work of the Society, 
and one to the annual meeting for reports and election of offi¬ 
cers. The average attendance at the 15 meetings was 22. 

Thirty-two papers were presented by 24 members and one 
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guest. Two biographical notices of deceased members were 
read, viz: 

Charles Hugo Kummell. Orlando Metcalfe Poe. 

All meetings were held in the Assembly Hall of the Cosmos 
Club. One paper was published during the year, A century ot 
geography in the United States, b}^ Mr. Marcus Baker. 

E. D. Preston, 

J. Elfreth Watkins, 

Secretaries. 

The reports of the Treasurer and Auditing Committee were 
read and accepted. The Auditing Committee consisted of C. K. 
Wead and E. Goodfellow. 

ANNUAL REPORT OF THE TREASURER FOR 1898. 

Washington, D. C., December 7J, 1898. 

To the Philosophical Society of Washington: 

From December 11, 1897, the date of the last annual report, 
until July 13, 1898, Captain Rogers Birnie held the office of 
Treasurer, when, being suddenly ordered to the seat of the war 
with Spain, his accounts were transferred to the undersigned as 
his successor, elected by the General Committee. 

This report covers the whole period from December 11, 1897, 
to December 14, 1898. 

The income was $767; the expenses were $276.40, leaving a 
net gain of $490.60. To this should be added the value of cou¬ 
pons due December 1, 1898, not yet cut from $2,400 of Cosmos 
Club bonds, $60, making an actual gain of $550.60. 

On August 5 the Treasurer of the Cosmos Club called in $500 
of the Cosmos Club bonds of 1886, but was able to exchange 
therefor an equal value of bonds of the same Club of the 1891 
issue, which your Treasurer took advantage of. By this trans¬ 
action bonds Nos. 70, 135,136,159, and 185,5.20’s of 1886, were 
exchanged for Nos. 240 to 244, inclusive, 10.30 s of 1891. 

By last years report the investments of the Society appeared 
to be a total of $6,100, as follows: 

U. S. bonds, at 4 per cent. $1,500 
Columbia Street Railway bond, at 6 per cent. 1,000 
Cosmos Club bonds, at 5 per cent. 3,600 

$6,100 
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These investments remain unchanged, excepting the exchange 
above mentioned. They are in detail as follows, and the securi¬ 
ties are deposited in the Society’s box in the vaults of the 
National Safe Deposit, Loan and Trust Company of this city: 

Two U. S. 4 per cent, registered bonds, No. 64,596, for $500, 
and No. 135,639, for $1,000; one Columbia Street Railway 6 per 
cent, bond, No. 299, for $1,000; twenty-four Cosmos Club 5 per 
cent, bonds of 1886 for $100 each, Nos. 119, 120, 121, 122, 123? 
124, 125, 126, 127, 128, 129, 130, 155,156,161, 162,163,164,165, 
166, 167, 193, 194, 195; seven Cosmos Club 5 per cent, bonds of 
1891 for $100 each, Nos. 217, 240, 241, 242, 243, 244, and 245; 
five Cosmos Club 5 per cent, bonds of 1893 for $100 each, Nos. 
1, 53, 56, 57, and 81. 

The present assets of the Society are: 

Face value of securities as above. $6,100 00 
Cash balance with Riggs National Bank. 1,183 02 
Cash on hand .. ... 20 00 
Interest coupons, due December 1, 1898. 60 00 
Unpaid dues. 110 00 

Total... $7,473 02 

The Treasurer is aware of no outstanding liabilities. His 
predecessor, Captain Birnie, turned over to him on July 13,1898, 
the following list of property belonging to the Society, namely : 

One fine mahogany table and chair, one iron reading stand, 
one large blackboard. 

Respectfully submitted. 
Bernard R. Green, 

Treasurer. 
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REPORT OF THE AUDITING COMMITTEE FOR 1898. 

Washington, D. C., December 16, 1898. 

The undersigned, a committee appointed at a meeting of the 

Society, December 10, 1898, to audit the accounts of the Treas¬ 

urer, respectfully report as follows : 

We have examined the statement of receipts, including dues 

and interest, and find the same to be correct. 

We have examined the statement of disbursements and com¬ 

pared it with the vouchers and find them to agree. 

We have compared the balance reported by the Riggs’ Na¬ 

tional Bank as on deposit December 11, 1898, and find it to 

agree with the amount reported by the Treasurer. 

We find further that the Treasurer has received since Decem¬ 

ber 11,1898, and has in his possession checks for dues amount¬ 

ing to $20. 

We have examined the securities in the box of the Society at 

the National Safe Deposit and Trust Company and find them 

to be as follows: 

$1,500 U. S. registered 4 per cent.; $1,000 Columbia Street 

Railway 6 per cent.; $2,400 Cosmos Club 5 per cent, of 1886, 

with coupons attached of December 1,1898; $700 Cosmos Club 

5 per cent, of 1891; $500 Cosmos Club 5 per cent, of 1893, mak¬ 

ing in all $6,100, par value. 

We find arrearages of dues for 1897 amounting to $20 and for 

1898 amounting to $90. 

Charles K. Wead. 

Edward Goodfellow. 

The election of officers for 1899 was then held, and resulted 

as follows: 

President. 

Vice-Presidents. 

Ti'easurer. 

.0. H. Tittmann. 

H. S. Pritchett. 

G. M Sternberg. 

B. R. Green. 

C. D. Walcott. 

L. F. Ward. 

Secretaries J. E. Watkins. E. D. Preston. 

68—Bull, Phil. Soc., Wash., Vol. 13. 
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MEMBERS AT LARGE OF THE GENERAL COMMITTEE. 

Cyrus Adler. 

W. A. De Caindry. 

G. W. Littlehales. 

J. H. Gore. 

H. M. Paul. 

Richard Rath bun. 

F. W. True. 

C. K. Wead. 

Isaac Winston. 

Mr. Ball proposed the following amendment to the Consti¬ 
tution : 

Substitute for article III the following: 

Article III. There shall be a General Committee consisting of 
the officers of the Society and nine other members and such of 
the Past Presidents of the Society resident in Washington and 
retaining membership as shall annually, before the first meeting 
in February of any year, notify the Secretary of the General 
Committee of their intention to attend its meetings or whose 
presence may be requested by a vote of the committee. 

This, under the rules, was laid over for one year before action. 

493d Meeting. January 7, 1899. 

Mr. F. H. Bigelow, the retiring President of the Society, de¬ 
livered the annual address; subject, The function of criticism 
in the advancement of science. [Published in this volume, pp. 
337-366.] 

494th Meeting. January il, 1899. 

Vice-President Sternberg in the chair. 

Eighteen members present. 

Mr. Sternberg made an informal communication on Radio¬ 
graphs, illustrating by photographs. [Not published.] 

Mr. J. F. Hayford read a paper, prepared by Mr. L. A. Bauer, 

on The decomposition of the earth’s permanent magnetic field. 
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Mr. C. F. Marvin read a paper on Apparatus for making me¬ 
teorological observations by means of kites. 

This was discussed by Messrs. Abbe, Preston, Hayford, 

Wead, and Sternberg. 

495th Meeting. February 4, 1899. 

Past President Eastman in the chair. 

Eighteen members and guests present. 

Mr. J. F. Hayford read an “informal” communication by 
Mr. L. A. Bauer entitled. Is the principal source of the secular 
variation of the earth’s magnetism within or without the earth’s 
crust ? 

This was discussed by Messrs. Wead, Eimbeck, Hayford, 

and Bigelow. 

Mr. J. H. Gore read a paper entitled The beginnings of 
geodesy in the United States. 

Remarks were made thereon by Messrs. Hayford and Eim¬ 

beck. 

Mr. E. D. Preston read a paper entitled Geodetic operations 
in the United States. [Published in Comptes-rendus, Associa¬ 
tion Geodesique internationale, Stuttgart, 1898, Annex B, v. 1; 
also in Science, 1899, March 8, new series, vol. ix, no. 218; pp. 
805-310; also in Petermann’s Geogr. Mittheilungen, 1900, heft iv. 
An abstract was published in the Bulletin of the American 
Mathematical Society, November, 1898, 2d series, vol. v, no. 2.] 

This was discussed by Messrs. W. F. King, of the Canadian 
High Joint Commission, Harkness, Farquhar, Hayford, and 
Eastman. 

496th Meeting. February 13, 1899. 

Past President Eastman in the chair. 

Five members present. 

Mr. Eastman gave an account of The second Washington Star 
catalogue 
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4§7th Meeting. March 4, 1899- 

President Tittmann in the chair. 

Twenty-one members and guests present. 

Under the head of informal communications, Mr. Tittmann 

submitted a question as to The condition of meteorological ob¬ 

servations in Puerto Rico. 

Discussed by Mr. Bigelow. 

Mr. Gore called attention to A new determination, by Bak- 

huyzen, of the periodic change of latitude. 

Mr. Bigelow read a review of a paper by Lemstrom on Elec¬ 

tricity and vegetation. [For brief abstract see Science, 1899, 

March 24, new series, vol. ix, no. 221, p. 454.] 

Discussed by Messrs. Briggs, Sternberg, Bell, Wead, and 

Tittmann. 

Mr. Sternberg read a paper entitled Some sanitary lessons in 

the late war. [Published in the Journal of the American Medi¬ 

cal Association, June 10, 1899; also as a separate.] 

Discussed by Messrs. Briggs, Bell, Bigelow, and Tittmann. 

498th Meeting. March 18. 1899. 

President Tittmann in the chair. 

Twenty-six members present. 

A lantern just bought for the use of the Society was exhibited 

and tested. Mr. True, chairman of the purchasing committee, 

made an informal report on the action of his committee. 

There followed a brief discussion of the proposed celebration 

of the 500th meeting. 

Mr. Bigelow made an informal communication on Electric 

farming. [Not published.] 

Mr. Artemas Martin read a paper entitled Triangles whose 

angles are 60° or 120° and sides whole numbers. [This paper 
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will appear in the Mathematical Magazine, vol. ii, no. 12. For 
brief abstract see Science, 1899, April 14, new series, vol. ix, 
no. 224, p. 552.] 

Discussed by Messrs. Tittmann and Baker. 

Mr. Lyman J. Briggs read a paper entitled Electrical methods 
of investigating the moisture, temperature, and soluble salt con¬ 
tent of soils. [Published as Bulletin 15, Division of Soils, U. S. 
Department of Agriculture.] 

Discussed by Messrs. C. G. Abbott, Littlehales, Radix- 

finger, and Tittmann. 

Mr. Wead read a paper entitled Application of electricity to 

musical instruments. [An abstract of this paper was published 
in Science, 1899, April 14, new series, vol. ix, no. 224, pp. 552- 
553.] 

Discussed by Messrs. Tittmann and Wead. 

V 

499th Meeting. April 1, 1899. 

President Tittmann in the chair. 

Twenty-five members present. 

Mr. Preston gave a brief description of the great telescope 
now under construction at Paris and which is to be one of the 
features of the Worlds Fair in 1900. [Not published.] 

Discussion by Messrs. Abbe and Hayford. 

Mr. Littlehales read a paper entitled The prospective place 
of the solar azimuth tables in the problem of accelerating ocean 
transit. [Published, under the title Development of great circle 
sailing, in the United States Hydrographic Office, publication 
no. 90, 2d edition.] 

Discussed by Messrs. Tittmann and Winston. 

Mr. E. G. Fischer read a paper entitled Data relating to 

nickel-iron alloy. [Not published.] 
Discussion by Messrs. Briggs, Eastman, Abbe, L. A. Fischer, 

Winston, Tittmann, Preston, Hayford, Wead, and the author. 

Mr. H. A. Hazen read a paper entitled Electric and magnetic 
weather. 
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500th Meeting. April 15, 1899. 

The 500th meeting of the Society was celebrated by a dinner 
at Rauscher’s, corner Connecticut avenue and L street. 

There were present F. V. Coville, President of the Biological 
Society; H. N. Stokes, President of the Chemical Society, and 
the following members: 

Cyrus Adler. 
Marcus Baker. 
F. H. Bigelow. 
Rogers Birnie. 
J. W. Chickering. 
F. W. Clarke. 
,T. R. Cook. 
Whitman Cross. 
W. H. Dali. 
W. A. De Caiudrv. 
J. R. Eastman. 
Louis A. Fischer. 
J. M. Flint. 

J. Howard Gore. 
B. R. Green. 
J. G. Hagen. 
William Harkness. 
J. F. Hayford. 
H. L. Hodgkins. 
A. F. A. King. 
A. Lindenkohl. 
W J McGee. 
S. Newcomb. 
H. G. Ogden. 
James Page. 

E. D. Preston. 
H. S. Pritchett. 
G. R. Putnam. 
Richard Ratlibun. 
G. M. Sternberg. 
0. H. Tittmann. 
F. W. True. 
C. D. Walcott. 
J. E. Watkins. 
C. K. Wead. 
Isaac Winston. 
C. C. Yates. 

501st Meeting. April 29, 1899. 

Vice-President Pritchett in the chair. 

Thirty-three members present. 

Mr. Preston made an informal communication on Recent 
geodetic operations in Spain, dwelling particularly on the meas¬ 
urement of base lines and the geodetic connection between Spain 
and Algiers. [Not published.] 

Discussed by Messrs. Gore and Dall. 

Mr. Hayford read a paper on A new treatment of refraction 
in height computations. [For brief abstract see Science, 1899, 
May 12, new series, vol. ix, no. 228, p. 686.] 

Discussed by Messrs. Harkness, Hayford, Pritchett, Pres¬ 

ton, Paul, Wead, and Moore. 

Mr. Pritchett read a paper entitled An estimate of the popu¬ 
lation of the United States in 1900 derived from an empirical 
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formula. [For an abstract see Science, 1899, May 12, new series, 
vol. ix, no. 228, p. 686.] 

Discussed by Messrs. Farquhar, Martin, and Gore. 

Mr. Gore exhibited a number of lantern slides illustrating 
geodetic work in Spitzbergen. 

502d Meeting. May 13. 1899, 

President Tittmann in the chair. 

Twenty-two members and guests present. 

Informal communications were made by Mr. Wead on Color 
effect in stereoscopic pictures, by Mr. Baker on A certain 
rhythmic problem, by Mr. Tittmann on The results of tidal ob¬ 
servations at the mouth of the Elbe, and by Mr. Gore on Some 
Spanish geodetic literature. 

Mr. Gore read a paper on Geodetic work in Spitzbergen. 
Discussed by Mr. Preston and the author. 

Mr. See read a paper entitled An extension of Helmholtz’s 
theory of the sun to the case of a heterogeneous sphere made up 
of gaseous layers of uniform density. 

Discussed by Messrs. Bauer, Wead, Littlehales, Hayford, 

and the author. 

503a Meeting. May 21, 189§. 

Vice-President Sternberg in the chair. 

Twenty-nine members and guests present. 

Mr. Radelfinger read a paper entitled Recent progress in the 
theory of linear differential equations. [Published in the Bulletin 
of the Philosophical Society of Washington, vol. xiv, pp. 21-35 ; 
also an abstract in Science, 1899, June 16, new series, vol. ix, no. 
233, p. 849.] 

Discussed by Messrs. Littlehales and Gore. 
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Mr. Louis D. Bliss read a paper on Some applications of 
Hertzian waves. fFor an abstract see Science, 1899, June 16, 
new series, vol. ix, no. 233, p. 849.] 

Discussed by Messrs. Bigelow, Littlehales, Tondorf, May¬ 

nard, and Wear. 

Announcement was made by the President of the deaths of 
three members, viz: 

Edward Goodfellow, died May 7, 1899. 
W. W. Godding, died May 6, 1899. 
William Lawrence, died May —, 1899. 

504th Meeting. October 14, 1899. 

President Tittmann in the chair. 

Twenty-one members and guests present. 

Mr. Tittmann made an informal communication respecting 
certain statements in a French geographical magazine as to con¬ 
ditions of personal safety in Alaska. 

A paper by Mr. Lindenkohl, entitled Recent progress in ocean¬ 
ography, was read by the Secretary and discussed by Messrs. 
Page, Preston, and Tittmann. [Published in Science, 1899, 
December 1, new series, vol. x, no. 257, pp. 803-807.] 

Mr. Gore read a paper entitled The commercial relations of 
Germany and the United States. 

This gave rise to an animated discussion, participated in by 
Messrs. Watkins, Tittmann, Schoenfeld, Adler, Maynard, 

Procter, We ad, and the author. 

505th Meeting. October 28, 1899. 

President Tittmann in the chair. 

Twenty-five members and guests present. 

Informal communications were made by Artemas Martin 

on A method of extracting roots by successive subtractions [not 
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yet published], and by C. K. Wead on Labels on objects in 
museums. [Not published.] 

Mr. C. D. Walcott read a paper entitled A geological trip to 
Newfoundland. [Published, with the title Lower Cambrian ter- 
rane in the Atlantic province, in Proceedings of the Washington 
Academy of Sciences, 1900, February 14, vol. i, pp. 301-339.] 

Discussed by Mr. Tittmann and the author. 

Mr. C. K. Wead read a paper entitled Some Arab musical 
scales. [An abstract was published in the Proceedings of the 
American Association for the Advancement of Science, 1899, 
vol. xlviii, p. 96 ; also in Science, 1899, November 24, new series, 
vol. x, no. 256, p. 777.] 

506th Meeting. November 11, 1899. 

President Tittmann in the chair. 

Thirty-five members and guests present. 

Informal communications were made as follows: 

By Mr. Artemas Martin, an illustration of the extraction ot 
the fourth root by successive subtractions, being supplementary 
to his communication at the last meeting. [Not yet published.] 

By Mr. Bigelow, who stated that additional information had 

been obtained as to the percentage of cloudiness along the path 
of the total eclipse of May 28, 1900. 

By Mr. Marcus Baker, on the recent Anglo-Venezuelan 
boundary arbitration held in Paris. [Published in the National 
Geographic Magazine, April, 1900, vol. xi, no. 4, pp. 129-144.] 

Mr. Littlehales called attention to a defect in the boundary 
description contained in the recent treaty respecting the Phil¬ 
ippine islands. 

Mr. R. H. Strother read a paper entitled Some observations 
on a problem in dynamics. This was illustrated by a model 
and by lantern slides. The paper was devoted to an explana¬ 
tion of the method by which a cat was able to turn over in the 

69—Bull. Phil. Soc., Wash., Vol. 13, 
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air and land on its feet. [For brief abstract see Science, 1899, 
December 22, new series, vol. x, no. 260, p. 983.] 

Discussed by Messrs. Wead and Dall. 

Mr. J. E. Watkins read a paper entitled A chapter from the 
early history of mechanics. 

Discussed by Mr. Gore. 

507th Meeting. November 25, 1899. 

This was a joint meeting of the Chemical and Philosophical 
Societies, and -was held in the Assembly Hall of the Cosmos 
Club. 

Attendance, about one hundred. 

The subject of discussion was The atomic theory, concerning 
which five papers were read, as follows: 

J. S. Ames, of Johns Hopkins University, Physical evidence 
in support of the atomic theory. 

F. H. Bigelow, The status of the atomic theory. 
H. N. Stokes, The atomic theory from the chemical stand¬ 

point. 
Cleveland Abbe, The relation of the ions to the atomic 

theory. 
F. K. Cameron, Some objections to the atomic theory. 

508th Meeting. December 9, 1899. 

President Tittmann in the chair. 

Thirty-three members and guests present. 

Mr. Preston read a paper on The language of Hawaii. [Pub¬ 
lished in the Bulletin of the Philosophical Society of Washing¬ 
ton, vol. xiv, pp. 37-64.] 

Mr. Adler read a biographical notice of Mr. George Brown 

Goode. [Published in this volume, pp. 396-399.] 
Mr. Ogden read a biographical notice of Mr. Edward Good- 

fellow. [Published in this volume, pp. 399-401.] 
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Mr. Bigelow read a paper entitled Results of recent explora¬ 
tion of the upper atmosphere. [Not published.] 

Mr. Littlehales read a paper entitled Possible methods of 
measuring the resultant of the centrifugal and gravitational 
forces on the ocean. [Not published.] 

Discussed by Messrs. Page, Tittmann, Bigelow, Marvin, 

Wead, and the author. 

509th Meeting. December 23, 1899. 

TWENTY-NINTH ANNUAL MEETING. 

President Tittmann in the chair. 

Twenty-two members present. 

The minutes of the Twenty-eighth Annual Meeting were read 
and adopted. 

The annual report of the Secretaries was read and accepted. 

ANNUAL REPORT OF THE SECRETARIES FOR 1899. 

Washington, D. C., December 28, 1899. 

To the Philosophical Society of Washington: 

The Secretaries have the honor to submit the following annual 
report: 

The number of active members at date of last report was 115. 
Of this number 4 have died, 2 have resigned, and 2 were trans¬ 
ferred to the absent list, making a total loss of 8. The gain has 
been: By election of new members, 5; by transfer from the 
absent list, 2, making a net loss of one. The present active 
membership is 114. 

The number on the absent list at date of last report was 79. 
This number remains unchanged. 

The list of deceased members is : 

William Whitney Godding. Edivard Goodfellow. 

William Lawrence. Nathan Smith Lincoln. 
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The new members are : 

Louis Denton Bliss. Charles Matthews Manly. 
Thomas Jefferson Jackson See. Robert Henry Strother. 

Milton Updegraff. 

The following members were transferred from the active to the 
absent list: 

Rogers Birnie. Rene de Saussure. 

The following members resigned membership : 

Walter Hough. Daniel Webster Prentiss. 

The General Committee held 15 meetings, at which the aver¬ 
age attendance was 11. 

The Society held 17 meetings, of which 14 were devoted to 
reading and discussion of papers, one to the President’s annual 
address, one to a banquet, and one to the annual meeting for 
reports and election of officers. The average attendance was 31, 
the largest being at a joint session with the Chemical Society on 
November 28, at which 100 were present. 

The 500th meeting of the Society was celebrated by a banquet 
at Rauscher’s, participated in by 39 members. 

Forty papers were presented by 25 members. Biographical 
notices of two deceased members were read as follows : 

George Brown Goode. Edward Goodfellow. 

Five papers were published during the year, viz: Recent 
progress in geodesy, by E. D. Preston ; Secular change in the 
direction of the terrestrial magnetic field, by G. W. Littlehales ; 
On the comparison of line and end standards, by L. A. Fischer ; 
Function of criticism in the advancement of science, by F. H. 
Bigelow ; Constitution, rules, and list of members. 

E. D. Preston, 
J. Elfreth Watkins, 

Secretaries. 

The report of the Treasurer was read, accepted, and referred 
to an auditing committee, consisting of Messrs. Brockett and 
Hayford, 
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ANNUAL REPORT OF THE TREASURER FOR 1899. 

Washington, D. C., December 23, 1890. 

To the Philosophical Society of Washington: 

I have the honor to submit my annual report for the past 
year, embracing the period between December 14,1898, and De¬ 
cember 20, 1899. 

The income for the year has consisted of the dues of members 
and the interest on the investments of the Society in bonds of 
the United States, Cosmos Club, and Columbia Railway of this 
city, as follows: 

Dues of members, 1897. $10 00 
1898 . 50 00 
1899 . 435 00 

—- $495 00 
Interest on $1,500 United States 4 per cent, bonds. 75 00 
Interest on $3,500 Cosmos Club bonds.. 227 28 
Interest on $1,000 Columbia Railway bond. 60 00 

$857 28 
One Cosmos Club bond, $100 of 1886, called in. 100 00 

Total receipts.  $957 28 

Disbursements have been made as follows : 

Publishing the Bulletin. $479 54 
Postage, stationery, miscellaneous printing, clerical service, 

notices, etc. 186 53 
Expenses of 500th meeting.    35 35 
Purchase of electric stereopticon. 392 70 
Miscellaneous expenses on ditto .. 29 68 
Rent of safe-deposit box.    5 00 
Rent of hall, Cosmos Club.   45 00 

Total expenditures. .... . $1,173 80 

STATEMENT OF ACCOUNT. 

Balance on hand at date of last annual report. $1,203 02 
Receipts as above, present year. $957 28 

$2,160 30 
Expenditures as above, present year... 1,173 80 

Cash balance on hand.. $986 50 
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The investments of the Society are at present as follows : 

4 per cent. United States bonds 
Cosmos Club bonds. 
Columbia Railway bond. 

$1,500 00 
3,500 00 
1,000 00 

Total $6,000 00 

Very respectfully, 
Bernard R. Green, 

Treasurer. 

REPORT OF THE AUDITING COMMITTEE FOR 1899. 

Washington, D. C., January 6, 1900. 

To the Philosophical Society of Washington : 

The committee appointed to audit the accounts of the Treas¬ 
urer begs leave to report that the statement of receipts, includ¬ 
ing dues and interest, has been examined and found correct, 
that the disbursements and checks agree with the vouchers, and 
that the balance reported by the Riggs National Bank as on 
deposit December 20, 1899, is the same as that stated by the 
Treasurer at the annual meeting. 

The securities are found in the box of the Society at the 
National Safe Deposit, Saving and Trust Company to be as 
follows: 

United States 4 per cent, bonds, 1877. $1,500 
Columbia R. R, 6 per cent, bonds, 1894, with coupon, 

April 1, 1900. 1,000 
Cosmos Club 5 per cent, bonds, 1886, with coupon, June 

1, 1900. 1,800 
Cosmos Club 5 per cent, bonds, 1891, with coupon, Jan¬ 

uary 31, 1900. 700 
Cosmos Club 5 per cent, bonds, 1893, with coupon, Jan¬ 

uary 31, 1900.   1,000 

$6,000 

Arrearages of dues for 1898 amount to $30, and those for 
1899 amount to $110. 

Paul B rockett. 

John F. Hayford. 
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Elections were then held with the following result: 

President.G. M. Sternberg. 

Treasurer.B. R. Green. 

Secretaries.E. D. Preston. J. Elfreth Watkins. 

MEMBERS AT LARGE OF THE GENERAL COMMITTEE. 

C. F. Marvin 

H. M. Paul. 

F. W. True. 

C. K. Wead. 

Cyrus Adler. 

W. A. De Caindry. 

J. H. Gore. 

G. W. Littlehales. 

Isaac Winston. 

The amendment to the Constitution proposed by Mr. Dall at 
the last annual meeting was then considered. 

Moved by Mr. Baker to substitute for the proposed amend¬ 
ment the present article III, striking out the words “ ex-Presi- 

dents of the Society,” so that it would read: “ There shall be a 
General Committee consisting of the officers of the Society and 
nine other members.” This motion was lost by a vote of seven 

for and eight against it. 

The original amendment of Mr. Dall was then adopted 
unanimously. 

Article III therefore now reads as follows: 

There shall be a General Committee, consisting of the officers 
of the Society and nine other members and such of the Past 
Presidents of the Society resident in Washington and retaining 
membership as shall annually, before the first meeting of Feb¬ 
ruary of any year, notify the Secretary of the General Committee 
of their intention to attend its meetings or whose presence may 
be requested by a vote of the committee. 
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