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CONSTITUTION 

OF 

THE PHILOSOPHICAL SOCIETY OF WASHINGTON. 

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

cal 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 ex-Presidents of the Society, the officers of the Society, and nine 

other members.* 

Article IV. The officers of the Society and the nine other mem¬ 

bers 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 Avriting at a stated meeting of the Society at 

least four Aveeks previously. 

* Amended December 21, 1887. 
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STANDING RULES 

FOR THE GOVERNMENT OF THE 

PHILOSOPHICAL SOCIETY OF WASHINGTON. 

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 seut to each 

member by one of the Secretaries. 

When necessary Special Meetings may be called by the President. 

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 Secretaries, 

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 entitled 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. 

Tenth, the consideration of Amendments to the Constitution of 

the Society, if any such shall have been proposed in accordance 

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 be made by means of an informal 

■^'Amended May 7, 1887. 
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X PHILOSOPHICAL SOCIETY OP WASHINGTON. 

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 subse¬ 

quent ballot as many names as there are persons yet to be elected; 

and those persons who receive a majority of the votes cast shall be 

declared elected; Provided the number of persons receiving a 

majority does not exceed the number 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 of the candidates, it may be declared formal by a majority vote. 

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

ing, 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 recommenda¬ 

tion of twenty members of the Society. 

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

trict of Columbia, may be present at any meeting of the Society, 

except the Annual Meeting, upon invitation of a member. 

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

taries may, at his discretion, issue to any person a card of invitation 

to attend a specified meeting. Five cards of invitation 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 auspices 

of the Society shall be submitted in writing to the General Com¬ 

mittee for approval. 



STANDING RULES. XI 

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 General 

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 Secre¬ 

taries. 

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

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 in¬ 

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

solely to the furtherance of such special scientific work as may be 

ordered by the General Committee. 

^Amended Oct. 9, 1886. 



STANDING RULES 

OF THE 

GENERAL COMMITTEE OF THE PHILOSOPHICAL 

SOCIETY OF WASHINGTON. 

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 Sub-Committees. 

3. The Sub-Committees shall prepare business for the General 

Committee, and perform such other duties as may be entrusted to 

them. 

4. There shall be two Standing Sub-Committees; one on Com¬ 

munications for the Stated Meetings of the Society, and another on 

Publications. 

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. For all purposes, except for the amendment of the Standing 

Rules of the Committee or of the Society, and the election of mem¬ 

bers, six members of the Committee shall constitute a quorum. 

7. The names of proposed new members recommended in con. 

formity with SectionlS of the Standing Rules of the Society, may 

be presented at any meeting of the General Committee, but shall 

lie over for at least four weeks before final action, and the concur¬ 

rence of twelve members of the Committee shall be necessary to 

election. 

The Secretary of the General Committee shall keep a chronologi¬ 

cal register of the elections and acceptances of members. 

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. 
xn 
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E.XJILiES 

rOR THE 

PUBLICATION OF THE BULLETIN 

OF THE 

PHILOSOPHICAL SOCIETY OF WASHINGTON. 

1. The President’s Annual address shall be published in full. 

2. The annual reports of the Secretaries and of the Treasurer 

shall be published in full. 

3. When directed by the General Committee, any communication 

may be published in full. 

4. Abstracts of papers and remarks on the same will be pub¬ 

lished, when presented to the Secretary by the author in writing 

within two weeks of the evening of their delivery, and approved by 

the Committee on Publications. Brief abstracts prepared by one 

of the Secretaries and approved by the Committee on Publications 

may also be published. 

5. If the author of any paper read before a Section of the 

Society desires its publication, either in full or by abstract, it shall 

be referred to a committee to be appointed as the Section may 

determine. 

The report of this committee shall be forwarded to the Publica¬ 

tion Committee by the Secretary of the Section, together with any 

action of the; Section taken thereon. 

6. Communications which have been published elsewhere, so as 

to be generally accessible, will appear in the Bulletin by title only, 

but with a reference to the place of publication, if made known in 

season to the Committee on Publications. 
Xlll 
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ANNUAL REPORT OF THE SECRETARIES. 

Washington, D. C., December 21, 1887. 

To the Philosophical Society of Washington: 

We have the honor to present the following statistical data for 

1887: 

The last Annual Report brought the record of membership 

down to December 18, 1886. The number of active mem¬ 

bers was then ......... 183 

This number has been increased by the addition of 14 new 

members, by the return of 1 absent member, and by the 

reinstatement of 2 members previously dropped. It has 

been diminished by the departure of 7 members, by the 

resignation of 1, and by the death of 3 members. The net 

increase of active members has thus been ... 6 

And the active membership is now.189 

The roll of new members is : 

W. H. Babcock. 

Everett Haydek. 

J. H. Holmes. 

Harry King. 

F. J. Knight. 

F. H. Knowlton. 

S. P. Langley. 

F. A. Seely. 

H. L. Smyth. 

J. W. Spencer. 

T. W. Symons. 

H. L. Whiting. 

H. C. Wilson. 

H. V. WORDEMAN. 

The roll of deceased members is: 

S. F. Baird. W. B. Hazen. E. P. Lull. 

There have been 16 meetings, of which 14 have been for the pre¬ 

sentation and discussion of papers, 1 for the President’s Annual 

Address, and 1 for the Annual Reports and election of officers; 

the average attendance (at the 14 meetings for presentation of 

papers), has been 49. There have been 12 meetings of the Mathe¬ 

matical Section ; average attendance 17. 

The first 5 meetings of the year were held in the library of the 

Surgeon General’s Office, at which meetings the average attendance 

was 40; the 9 remaining meetings were held in the Assembly Hall 

of the Cosmos Club, at which the average attendance was 54. 

In the general meetings 37 communications have been presented; 

in the Mathematical Section 20. Altogether 57 communications 
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have been made by 37 members and 1 guest. The number of 

members and guests who have participated in the discussions is 40. 

The total number who have contributed to the scientific proceed¬ 

ings is 47, or 25 per cent, of the present active membership. 

The General Committee has held 16 meetings; average attend¬ 

ance 13, the smallest attendance at any meeting being 11 and the 

largest 15. 

Of the present active membership 146, or 77 per cent., are em¬ 

ployed in the service of the Government, and 44, or 23 per cent., 

are not so employed. 

Marcus Baker, 

J. H. Kidder, 

Secretaries, 

5 
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REPORT OF THE TREASURER. 

Mr. President and Gentlemen: 

The report which I shall presently have the honor to submit to 

you exhibits the total receipts and disbursements for the fiscal year 

ending with this meeting. 

The receipts, however, include amounts received for outstanding 

dues of previous years, and it is, therefore, proper to say that the 

income belonging to the year 1887 was $1,035.75, and the expendi¬ 

ture $568.22, leaving a net surplus for the year of $467.53. 

The unpaid dues of former years which have been collected in 

1887 amount to $120. 

The assets of the Society consist of: 

2 Government bonds, $1,000 and $500, at 4 per cent., $1,500 00 

1 ‘‘ bond, 1,000, 44 “ 1,000 00 

6 Cosmos Club mortgage bonds, “ 5 “ 600 00 

Cash with Riggs & Co. 942 05 

Unpaid dues.. 265 00 

Total.$4,307 05 

The removal of the Society from its old place of meeting at the 

Army Medical Museum made it nececessary to provide certain 

articles of furniture and equipment for use in its new quarters. 

The ninth volume of the Bulletin was duly issued in January to 

all members entitled to receive it, and to the societies and scientific 

journals with which it is customary for the Philosophical Society to 

exchange publications. 
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A'NNJJAJj ADDRESS OF THE PRESIDENT, 

William Harkness. 

Delivered December 10, 1887. 

THE PROGRESS OF SCIENCE AS EXEMPLIFIED IN 

THE ART OF WEIGHING AND MEASURING. 

Two centuries ago the world was just beginning to awaken from an 

intellectual lethargy which had lasted a thousand years. During all 

that time the children had lived as their parents before them, the 

mechanical arts had been at a standstill, and the dicta of Aristotle 

had been the highest authority in science. But now the night of 

medisevalism was approaching its end, and the dawn of modern 

progress was at hand. Galileo had laid the foundation for accurate 

clocks by discovering the isochronism of the simple pendulum; 

had proved that under the action of gravity light bodies fall as 

rapidly as heavy ones; had invented the telescope and with it dis¬ 

covered the spots on the sun, the mountains on the moon, the sat¬ 

ellites of Jupiter, and the so-called triple character of Saturn ; and 

after rendering himself immortal by his advocacy of the Copernican 

system, had gone to his grave, aged, blind, and full of sorrows. His 

contemporary, Kepler, had discovered the laws which, while history 

endures, will associate his name with the theory of planetary motion, 

and he also had passed away. The first Cassini was still a young 

man, his son was a little child, and his grandson and great-grand¬ 

son, all of whom were destined to be directors of the Paris Observa¬ 

tory, were yet unborn. The illustrious Huyghens, the discoverer 

of Saturn’s rings and the father of the undulatory theory of light, 

was in the zenith of his powers. The ingenious Hooke was a little 

younger, and Newton, towering above them all, had recently in¬ 

vented fluxions, and on the 28th of April, 1686, had presented his 

Principia to the Royal Society of London and given the theory 

of gravitation to the world. Bradley, who discovered nutation and 

XXXIX 
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the aberration of light; Franklin, the statesman and philosopher, 

who first drew the lightning from the clouds ; Dollond, the inventor 

of the achromatic telescope; Euler, the mathematician who was 

destined to accomplish so much in perfecting algebra, the calculus, 

and the lunar theory; Laplace, the author of the Mecanique 

Celeste; Rumford, who laid the foundation of the mechanical 

theory of heat; Dalton, the author of the atomic theory upon which 

all chemistry rests; and Bessel, the greatest of modern astrono¬ 

mers—these and others almost as illustrious, whom we cannot even 

name to-night, were still in the womb of time. 

Pure science first felt the effects of the new intellectual life and 

it was more than a century later before the arts yielded to its influ¬ 

ence. Then came Hargreaves, the inventor of the spinning-jenny; 

Arkwright, the inventor of the cotton-spinning frame; Watt, who 

gave us the condensing steam engine; Jacquard, the inventor of 

the loom for weaving figured stuffs ; Murdock, the originator of gas 

lighting; Evans, the inventor of the high-pressure steam engine; 

Fulton, the father of steam navigation; Trevithick, who ranks 

very near Watt and 'Evans in perfecting the steam engine; and 

Stephenson, the father of railroads. If now we add the names 

of those who have given us the telegraph, to wit: Gauss, the emi¬ 

nent physicist and the greatest mathematician of the present cen¬ 

tury; Weber, Wheatstone, and Henry—all famous physicists—and 

Morse, the inventor and engineer; we have before us the demi-gods 

who have transformed the ancient into the modern world, given us 

machinery which has multiplied the productive power of the human 

race many fold, annihilated time and space, and bestowed upon 

toiling millions a degree of comfort and luxury which was unknown 

to kings and emperors of old. 

The discoveries and inventions of the last two centuries have so 

far exceeded all others within historic times that we are amply jus¬ 

tified in calling this an age of phenomenal progress, and under the 

circumstances a little self-glorification is pardonable—perhaps even 

natural. The weekly and monthly records of scientific events 

which appear in so many newspapers and magazines are the imme¬ 

diate result of this, and the great increase of ephemeral scientific 

literature has led multitudes of educated people to believe that 

such records represent actual progress. The multiplication of 

bricks facilitates the building of houses, but does not necessarily 
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improve architecture. Similarly, the multiplication of minor inves¬ 

tigations improves our knowledge of details, but rarely affects the 

great philosophic theories upon which science is founded. The im¬ 

portance of human actions is measured by the degree in which they 

affect human thought, and the only way of permanently affecting 

scientific thought is by modifying or extending scientific theories. 

The men who do that are neither numerous, nor do they require 

weekly paragraphs to record their deeds; but their names are hon¬ 

ored by posterity. Even in this golden age the advance of science 

is not steady, but is made by spasmodic leaps and bounds. Mere 

scientific brick making, commonly called progress, is always the 

order of the day until some genius startles the world by a discovery 

affecting accepted theories. Then every effort is directed in the 

new line of thought until it is measurably w^orked out, and after 

that brick making again resumes its place. AVhile the progress in 

two centuries has been immense, the progress in a week or a month 

is usually almost nil. Optimism has its uses in many departments 

of human affairs, but science should be cool and dispassionate, 

having regard only for the truth. To make a trustworthy estimate 

of the actual state of the whole vast realm of science would be a 

task beyond the powers of any one man; but perhaps it wdll not 

be amiss to spend the time at our disposal this evening in briefly 

reviewing the recent progress and present condition of the funda¬ 

mental processes upon which the exact sciences rest—I allude to 

the methods of weighing and measuring. 

Physical science deals with many quantities, but they are all so 

related to each other that almost every one of them can be ex¬ 

pressed in terms of three fundamental units. As several systems 

of such units are possible, it is important to select the most con¬ 

venient, and the considerations which guide us in that respect are 

the following: 

1. The quantities selected should admit of very accurate com¬ 

parison wdth other quantities of the same kind. 

2. Such comparisons should be possible at all times, and in all 

places. 

3. The processes necessary for making such comparisons should 

be easy and direct. 
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4. The fundamental units should be such as to admit of easy defi¬ 
nitions and simple dimensions for the various derived units. 

Scientific men have long agreed that these requirements are best 
fulfilled by adopting as the fundamental units, a definite length, a 
definite mass, and a definite interval of time. Length is an element 
which can be very accurately measured and copied, but it must be 
defined by reference to some concrete material standard, as for 
example, a bar of metal, and as all substances expand and contract 
with changes of temperature, it is necessary to state the temperature 
at which the standard is correct. A standard of mass, consisting 
of a piece of platinum, quartz, or other material not easily affected 
by atmospheric influences, probably fulfills the conditions set forth 
above better than any other kind of magnitude. Its comparison 
with other bodies of approximately equal mass is effected by weigh¬ 
ing, and as that is among the most exact of all laboratory operations, 
very accurate copies of the standard can be made, and they can be 
carried from place to place with little risk of injury. Time is also 
an element which can be measured with extreme precision. The 
immediate instruments of measurement are clocks and chronometers, 
but their running is checked by astronomical observations and the 
ultimate standard is the rotation of the earth itself. 

It is important to note that the use of three fundamental units is 
simply a matter of convenience and not a theoretical necessity, for 
the unit of mass might be defined as that which at unit distance 
would generate in a material point unit velocity in unit time ; and 
thus we should have a perfectly general system of measurement 
based upon only two fundamental units—namely, those of space and 
time. Such a system is quite practicable in astronomy, but cannot 
yet be applied with accuracy to ordinary terrestrial purposes. Ac¬ 
cording to the law of gravitation 

Mass = Acceleration X (Distance)'^ 

and as in the case of the earth we can measure the quantities on 
the right-hand side of that equation with considerable accuracy, we 
can satisfactorily determine the earth’s mass in terms of the supposed 
unit. That suffices for the needs of astronomy, but for other scien¬ 
tific and commercial purposes a standard of mass having a magni¬ 
tude of about a pound is necessary, and as two such masses can be 
compared with each other from five to ten thousand times more 
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accurately than either of them can be determined in terms of the 

supposed unit, three fundamental units are preferable to two. 

The Chaldeans, Babylonians, Persians, Greeks, and Romans all 

seem to have had systems of weights and measures based upon toler¬ 

ably definite standards, but after the decline of the Roman Empire 

these standards seem to have been forgotten, and in the beginning 

of the sixteenth century the human body had so far become the 

standard of measurement that the units in common use, as for ex¬ 

ample, the foot, palm, etc., were frequently taken directly from it. 

The complete table of measures of length was then as follows : the 

breadth (not the length) of four barley corns make a digit, or finger 

breadth; four digits make a palm, (measured across the middle 

joints of the fingers;) four palms are one foot; a foot and a half 

is a cubit; ten palms, or two feet and a half, are a step; two steps, 

or five feet, are a pace; ten feet are a perch ; one hundred and 

twenty-five paces are an Italic stadium ; eight stadia, or one thousand 

paces, are an Italic mile ; four Italic miles, are a German mile ; and 

five Italic miles are a Swiss mile. It was then the practice to fur¬ 

nish standards of length in books by printing in them lines a foot or 

a palm long, according to the size of the page, and from these and 

other data it appears that the foot then used on the continent of 

Europe had a length of about ten English inches. 

In England the first attempts at scientific accuracy in matters of 

measurement date from the beginning of the seventeenth century, 

when John Greaves, who must be considered as the earliest of the 

scientific metrologists, directed attention to the difference between the 

Roman and English foot by tolerably accurate determinations of 

the former, and also attempted the investigation of the Roman 

weights. He was followed by Dr. Edward Bernard, who wrote a 

treatise on ancient weights and measures about 1685, and towards 

the end of the century the measurements of the length of a degree 

by Picard and J. D. Cassini awakened the attention of the French 

to the importance of rigorously exact standards. In considering 

the progress of science with respect to standards of length we may 

safely confine our inquiries to the English yard and the French 

toise and meter, for during the last two hundred years they have 

been almost the only standards adopted in scientific operations. 

The English measures of length have come down from the Saxons, 

but the oldest standards now existing are the Exchequer yards of 
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Henry VII (1490)^ and Elizabeth (1588).^ These are both brass end 

measures, the former being an octagonal rod about half an inch in 

diameter, very coarsely made, and as rudely divided into inches on 

the right hand end and into sixteenths of a yard on the left hand 

end; the latter a square rod with sides about half an inch wide, 

also divided into sixteenths of a yard and provided with a brass bed 

having end pieces between which the yard fits. One end of the bed 

is divided into inches and half inches. Francis Baily, who saw this 

Elizabethan standard in 1836, speaks of it as “ this curious instru¬ 

ment, of which it is impossible, at the present day, to speak too much 

in derision or contempt. A common kitchen poker, filed at the ends 

in the rudest manner by the most bungling workman, would make 

as good a standard. It has been broken asunder; and the two pieces 

have been dove-tailed together: but so badly that the joint is nearly 

as loose as that of a pair of tongs. The date of this fracture I could 

not ascertain, it having occurred beyond the memory or knowledge 

of any of the officers at the Exchequer. And yet, till within the 

last 10 years, to the disgrace of this country, copies of this measure 

have been circulated all over Europe and America, with a parch¬ 

ment document accompanying them (charged with a stamp that 

costs £3. 10s. exclusive of official fees) certifying that they are true 

copies of the English standard’’^ 

In the year 1742 certain members of the Royal Society of Lon¬ 

don, and of the Royal Academy of Sciences of Paris, proposed that, 

in order to facilitate a comparison of the scientific operations car¬ 

ried on in the two countries, accurate standards of the measures 

and weights of both should be prepared and preserved in the ar¬ 

chives of each of these societies. This proposition having been 

approved, Mr. George Graham at the instance of the Royal Society 

had two substantial brass rods made, upon which he laid off, with 

the greatest care, the length of three English feet from the stan¬ 

dard yard kept at the Tower of London. These two rods, together 

with a set of troy weights, were then sent over to the Paris Acad¬ 

emy, which body, in like manner, had the measure of a French half 

toise set off upon the rods, and keeping one, as previously agreed, 

returned the other, together with a standard weight of two marcs, 

to the Royal Society. In 1835, Baily declared this copy of the half 

143, p. 34, and 44, pp. 51-2. (See Bibliography on page Ixxix.) 
243, p. 25. - 3 34^ p 146. 
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toise to be of little value because the original toise-etalon was of 

iron, and the standard temperature in France differed from that in 

England,^ In his opinion the French should have sent over an 

iron half toise in exchange for the English brass yard; but this 

criticism loses much of its force when it is remembered that in 1742 

neither England nor France had fixed upon a temperature at which 

their standards were to be regarded as of the true length. On the 

return of the rod from Paris Mr. Graham caused Jonathan Sisson 

to divide the English yard and the French half toise each into three 

equal parts, after which the rod was deposited in the archives of 

the Royal Society, where it still remains.^ Objection having been 

made that the original and legal standard yard of England was 

not the one at the Tower, but the Elizabethian standard at the Ex¬ 

chequer, the Royal Society requested Mr. Graham to compare his 

newly-made scale with the latter standard, and on Friday, April 

22, 1743, he did so in the presence of a committee of seven mem¬ 

bers of the Royal Society. In the following week the same gentle¬ 

men compared the Royal Society’s scale with the standards at 

Guildhall and the Tower, and also with the standard of the Clock- 

makers’ Company. These comparisons having shown that the copy 

of the Tower yard upon the Royal Society’s scale was about 0*0075 

of an in(F longer than the standard at the Exchequer, Mr. Graham 

inscribed upon the Royal Society’s scale a copy of the latter stand¬ 

ard also, marking it with the letters Exch., to distinguish it from 

the former, which was marked E. (English), and from the half toise 

which was marked F. (French).^ 

In the year 1758 the House of Commons appointed a committee 

to inquire into the original standards of weights and measures of 

England; and, under instructions from that committee, the cele¬ 

brated instrument maker, John Bird, prepared two brass rods, 

respecting which the committee speak as follows in their report: 

“And having those rods, together with that of the Royal Society 

laid in the same place, at the receipt of the Exchequer, all night 

with the standards of length kept there, to prevent the variation 

which the difference of air might make upon them, they the next 

morning compared them all, and, by the means of beam compasses 

brought by Mr. Bird,found them to agree as near as it was possible.”^ 

One of these rods was arranged as a matrix for testing end meas- 

134, p. 37. 2 6, pp. 185-8. 7, pp. 541-556. ^11, p. 434. 
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ures, and the other was a line measure which the committee recom¬ 

mended should be made the legal standard of England, and which 

has since been known as Bird’s standard of 1758. Respecting the 

statement that after lying together all night the rods were all found 

to agree as near as it was possible, Baily says: “ This is somewhat 

remarkable, and requires further explanation, which unfortunately 

cannot now be accurately obtained. For it is notorious that the meas¬ 

ure of the yard of the Royal Society’s scale differs very considerably 

from the standard yard at the Exchequer; ^ ^ ^ Owing to 

this singular confusion of the lengths of the measures, which does 

not appear to have been unraveled by any subsequent Committee, 

it has happened that the Imperial standard yard * * * jj^s 

been assumed nearly 1 -i- 140 of an inch longer than the ancient 

measure of the kingdom.”^ There is little difficulty in surmising 

what Bird did. The Exchequer standard consisted of a rod and its 

matrix. The Royal Society’s committee assumed the rod to be the 

true standard of 36 inches, and upon that assumption Graham’s 

measurements gave for the length of the matrix 36*0102 inches, and 

for the length of the Royal Society’s yard 36*0075 inches. The 

Parliamentary committee of 1758 probably assumed the standard 

to consist of the rod and matrix together, which seems the better 

view; and by laying the rod in its matrix and measuring to the 

joint between them. Bird would have got a length of about 36*0051 

inches. The mean between that and 36*0075 would be 36*0063, 

which differs very little from the length of Bird’s standard result¬ 

ing from Sir George Shuckburgh’s measurements. Thus the com¬ 

mittee’s statement is justified, and there has been no falsification of 

the ancient standards. 

On DecernDer 1,1758, Parliament created another committee on 

weights and measures which in April, 1759, repeated the recommen¬ 

dation that Bird’s standard of 1758 should be legalized, and further 

recommended that a copy of it should be made and deposited in 

some public office, to be used only on special occasions.^ The copy 

was made by Bird in 1760, but owing to circumstances entirely un¬ 

connected with the subject, no legislation followed for sixty-four 

years. 

The Royal Commission appointed during the reign of George III, 

to consider the subject of weights and measures, made its first report 

134, p. 43. 212, p. 463. 
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on June 24, 1819, and therein recommended the adoption of the 

standard of length which had been used by General Roy in measur¬ 

ing the base on Hounslow Heath; ^ but in a second report made 

July 13, 1820, they wrote, “We * * ^ have examined, since 

our last report, the relation of the best authenticated standards of 

length at present in existence, to the instruments employed for 

measuring the base on Hounslow Heath, and in the late trigonome¬ 

trical operations—But we have very unexpectedly discovered, that 

an error has been committed in the construction of some of these 

instruments We are therefore obliged to recur to the originals which 

they were intended to represent, and we have found reason to prefer 

the Parliamentary standard executed by Bird in 1760, which we 

had not before received, both as being laid down in the most ac¬ 

curate manner, and as the best agreeing with the most extensive 

comparisons, which have been hitherto executed by various observers, 

and circulated through Europe; and in particular with the scale 

employed by the late Sir George Shuckburgh.”^ 

Accordingly, when in 1824 Parliament at length took action. 

Bird’s standard of 1760 was adopted instead of that of 1758. The 

former being a copy of a copy, its selection as a national standard 

of length seems so singular that the circumstances which brought 

about that result should scarcely be passed over in silence. Bird 

had a very accurate brass scale 90 inches long, which he used in 

all his dividing operations, whether upon circles or straight lines, 

and which Dr. Maskelyne said was O’OOl of an inch shorter on 

three feet than Graham’s Royal Society yard E.^ In the year 1792, 

or 1793, the celebrated Edward Troughton made for himself a five 

foot scale, which conformed to Bird’s, and which he afterwards used 

in laying down the divisions of the various instruments that passed 

through his hands. This was the original of all the standard scales 

he ever made, and at the beginning of the present century he be¬ 

lieved these copies, which were made by the aid of micrometer 

microscopes, to be so exact that no variations could possibly be de¬ 

tected in them, either from the original or from each other. Among 

the earliest of the scales so made by Troughton was the one used by 

Sir George Shuckburgh in 1796-8 in his important scientific opera¬ 

tions for the improvement of the standards. Subsequently, the 

length of the meter was determined by comparison with this scale 

123, p. 4. 2 27, p. 92. 2 24, p. 3 ; also, 25 and 26. 4 13, p. 326. 
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and with the supposed fac-siraile of it made by Troughton for Pro¬ 

fessor Pictet, of Geneva, and thus it happened that on the conti¬ 

nent of Europe all measures were converted into English units by 

a reference to Sir George Shuckburgh’s scale. The Koyal Commis¬ 

sion of 1819, believed Bird’s standard of 1760 to be identical with 

Shuckburgh’s scale, and they legalized it rather than the standard of 

1758, in order to avoid disturbing the value of the English yard 

which was then generally accepted for scientific purposes. 

There are yet four other scales of importance in the history 

of English standards—namely, the brass five-foot scale made for 

Sir George Shuckburgh by Troughton in 1796 ; two iron standard 

yards, marked lA and 2A, made for the English Ordnance Survey 

department by Messrs. Troughton and Simms in 1826-’7, and the 

Royal Society’s standard yard constructed by Mr. George Dollond, 

under the direction of Captain Henry Kater, in 1831. 

Bearing in mind the preceding history, the genesis of the present 

English standard yard may be thus summarized: In 1742 Graham 

transferred to a bar made for the Royal Society a length which he 

intended should be that of the Tower yard, but which was really inter¬ 

mediate between the Exchequer standard yard of Elizabeth and its 

matrix. That length he marked with the letter E, and, although 

destitute of legal authority, it was immediately accepted as the 

scientific standard and was copied by the famous instrument makers 

of the time with all the accuracy then attainable. Thus it is in 

fact the prototype to which all the accurate scales made in Eng¬ 

land between 1742 and 1850 can be traced. Bird’s standard of 

1758 was compared with the Exchequer standard and with the 

Royal Society’s yard E, and was of a length between the two. 

Bird’s standard of 1760, legalized as the Imperial standard in June, 

1824, was copied from his standard of 1758. After becoming the Im¬ 

perial standard. Bird’s standard of 1760 was compared with Sir 

George Shuckburgh’s scale by Captain Kater in 1830 and by Mr. 

Francis Baily in 1834; with the Ordnance yards lA and 2A in 

1834 by Lieutenant Murphy, R. E., Lieutenant Johnson, R. N., 

and Messrs. F. Baily and Donkin ; and with Kater’s Royal Society 

yard by Captain Kater in 1831. On October 16th, 1834, the Im¬ 

perial standard (Bird’s standard of 1760) was destroyed by the 

burning of the Houses of Parliament, in which it was lodged, and 

very soon thereafter the Lords of the Treasury took measures to 
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recover its length. Preliminary inquiries were begun on May 11, 

1838, and on June 20, 1843, they resulted in the appointment of a 

Commission to superintend the construction of new Parliamentary 

standards of length and weight, among whose members the Astron¬ 

omer Royal (now Sir George B. Airy), Messrs. F. Baily, R. Sheep¬ 

shanks, and Prof. W. H. Miller, were prominent. The laborious 

investigations and experiments carried out by that Commission can¬ 

not be described here, but it will suffice to say that for determining 

the true length of the new standard Mr. Sheepshanks employed a 

provisional yard, marked upon a new brass bar designated “ Brass 

2,” which he compared as accurately as possible with Sir George 

Shuckburgh’s scale, the two Ordnance yards, and Kater’s Royal 

Society yard. The results in terms of the lost Imperial standard 

were as follows: 

Brass bar 2 == 36-000084 from comparison with Shuckburgh’s scale, 0-36 in. 

36-000280 “ “ “ “ 10-46 in. 

36-000303 from comparison with the Ordnance yard, lA. 

36-000275 “ “ “ “ “ 2A. 

36-000229 from Capt. Kater’s Royal Society yard. 

Mean == 36-000234 

Respecting this mean Mr. Sheepshanks wrote: “ This should be 

pretty near the truth; but I prefer 36'00025, if in such a matter 

such a difference be worth notice. I propose, therefore, in con¬ 

structing the new standard to assume that— 

Brass bar 2 = 36-00025 inches of lost Imperial standard at 62° Fah.” 

And upon that basis the standard now in use was constructed.^ 

Turning now to the French standards of length, it is known that 

the ancient toise de mayons of Paris was probably the toise of 

Charlemagne (A. D. 742 to 814), or at least of some Emperor 

Charles, and that its etalon was situated in the court yard of the 

old Chatelet, on the outside of one of the pillars of the building, 

It still existed in 1714, but entirely falsified by ‘the bending of the 

upper part of the pillar. In 1668 the ancient toise of the masons 

was reformed by shortening it five lines; but whether this reforma¬ 

tion was an arbitrary change, or merely a change to remedy the 

4 
141, p. 664. 
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effects of long use and restore the etalon to conformity with some 

more carefully preserved standard, is not quite clear/ These old 

Hahns were iron bars having their two ends turned up at right 

angles so as to form talons, and the standardizing of end measures 

was effected, by fitting them between the talons. Being placed on 

the outside of some public building, they were exposed to wear from 

constant use, to rust, and even to intentional injury by malicious 

persons. Under such conditions every etalon would, sooner or later, 

become too long and require shortening. 

Kespecting the ancient toise of the masons there are two contra¬ 

dictory stories. On December 1, 1714, La Hire showed to the 

French Academy what he characterized as ‘‘ a very ancient instru¬ 

ment of mathematics, which has been made by one of our most ac¬ 

complished workmen with very great care, where the foot is marked, 

and which has served to re-establish the toise of the Chatelet, as I 

have been informed by our old mathematicians.”^ Forty-four years 

later, on July 29, 1758, La Condamine stated to the Academy that 

“We know only by tradition that to adjust the length of the new 

standard, the width of the arcade or interior gate of the grand pa¬ 

vilion, which served as an entrance to the old Louvre, on the side 

of the rue Froraenteau was used. . This opening, according to the 

plan, should have been twelve feet wide. Half of it was taken to 

fix the length of the new toise, which thus became five lines shorter 

than the old one.”^ Of these two contradictory statements that of 

La Hire seems altogether most trustworthy, and the ordinary rules 

of evidence indicate that it should be accepted to the exclusion of 

the other. 

In 1668 the etalon of the new toise, since known as the toise-etalon 

du Chatelet, was fixed against the wall at the foot of the staircase 

of the grand Chatelet de Paris—by whom or at what season of the 

year is not known. Strange as it now seems, this standard—very 

roughly made, exposed in a public place for use or abuse by every¬ 

body, liable to rust, and certain to be falsified by constant wear— 

was actually used for adjusting the toise of Picard, that of Cassini, 

the toise of Peru and of the North, that of La Caille, that of Mairan 

—in short, all the toises employed by the French in their geodetic 

operations during the seventeenth and eighteenth centuries. The 

lack of any other recognized standard made the use of this one im- 

11, p. 536 and 2, p. 395. 2 2, p. 395. 314, p. 484. 
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perative, but the French academicians were well aware of its defects 

and took precautions to guard against them. 

The first toise copied from the etalon of the Chatelet for scientific 

purposes was that used by Picard in his measurement of a degree of 

the meridian between Paris and Amiens. ^ It was made about the 

year I6685 and would doubtless have become the scientific standard 

of France had it not unfortunately disappeared before the degree 

measurements of the eighteenth century were begun. The second 

toise copied from the etalon of the Chatelet for scientific purposes was 

that used by Messrs. Godin, Bouguer, and La Condamine for meas¬ 

uring the base of their arc of the meridian in Peru. This toise, 

since known as the toise du Perou, was made by the artist Langlois 

under the immediate direction of Godin in 1735, and is still pre¬ 

served at the Paris Observatory.^ It is a rectangular bar of polished 

wrought iron, having a breadth of 1'58 English inches and a thick¬ 

ness of 0*30 of an inch. All the other toises used by the Academy 

in the eighteenth century were compared with it, and, ultimately, it 

was made the legal standard of Prance by an order of Louis XV, 

dated May 16, 1766. As the toise of Peru is the oldest authentic 

copy of the toise of the Chatelet, the effect of this order was simply 

to perpetuate the earliest known state of that ancient standard. 

The metric system originated from a motion made by Talleyrand 

in the National Assembly of France, in 1790, referring the question 

of the formation of an improved system of weights and measures, 

based upon a natural constant, to the French Academy of Sciences; 

and the preliminary work was entrusted to five of the most eminent 

members of that Academy—namely, Lagrange, Laplace, Borda, 

Monge, and Condorcet. On March 19, 1791, these gentlemen, to¬ 

gether with Lalande, presented to the Academy a report contain¬ 

ing the complete scheme of the metric system. In pursuance of the 

recommendations in that report, the law of March 26, 1791, was 

enacted for the construction of the new system, and the Academy 

of Sciences was charged with the direction of the necessary opera¬ 

tions. Those requisite for the construction of a standard of length 

were: 

1. The determination of the difference of latitude between Dun¬ 

kirk and Barcelona. 

15, Art. 4, p. 15. 2 14, p. 487 and 46, p. C.2. 
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2. The remeasurement of the ancient bases which had served for 

the measurement of a degree at the latitude of Paris, and for mak¬ 

ing the map of France. 

3. The verification by new observations of the series of triangles 

employed for measuring the meridian, and the prolongation of them 

as far as Barcelona. 

This work was entrusted to Mechain and Delambre, who carried 

it on during the seven years from 1791 to 1798, notwithstanding 

many great difficulties and dangers. The unit of length adopted 

in their operations was the toise of Peru, and from the arc of 9° 40' 

45" actually measured, they inferred the length of an arc of the meri¬ 

dian extending from the equator to the pole to be 5,130,740 toises. 

As the meter was to be one ten millionth of that distance, its length 

was made 0*5130740 of a toise, or, in the language of the committee, 

443*296 lines of the toise of Peru at a temperature of 13° Reaumur 

(161° C. or 611° ¥.)} 

Before attempting to estimate how accurately the standards we 

have been considering were intercompared it will be well to describe 

briefly the methods by which the comparisons were effected. In 

1742 Graham used the only instruments then known for the pur¬ 

pose—namely, very exact beam compasses of various kinds, one 

having parallel jaws for taking the lengths of the standard rods, 

another with rounded ends for taking the lengths of the hollow beds, 

and still another having fine points in the usual manner. The 

jaws, or points, of all these instruments were movable by micro¬ 

meter screws having heads divided to show the eight hundredth 

part of an inch directly, and the tenth of that quantity by estima¬ 

tion ; but Mr. Graham did not consider that the measurements 

could be depended upon to a greater accuracy than one 1600th of 

an inch.^ 

Troughton is generally regar(Jed as the author of the application 

of micrometer microscopes to the comparison of standards of length, 

but the earliest record of their use for that purpose is by Sir George 

Shuckburgh in his work for the improvement of the standards of 

weight and measure in 1796-8.^ Since then their use has been 

general; first, because they are more accurate than beam compasses, 

119, pp. 432, 433 and 642. ^7, pp. 545-6. HS, p. 137. 
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and, second, because they avoid the injury to standard scales which 

necessarily results from placing the points of beam compasses upon 

their graduations. As the objective of the microscope forms a mag¬ 

nified image of the standard, upon which the micrometer wires are 

set by the aid of the eye piece, it is evident that in order to reduce 

the efiect of imperfections in the micrometer, the objective should 

have the largest practicable magnifying power. To show the pro¬ 

gress in that direction the optical constants of the microscopes, by 

means of which some of the most important standards have been 

compared, are given in the accompanying table. 

Observer. 

^ s S 

Inches. Inches. 

1797 
1817 
1834 
1884 
1850 
1864 
1880 

1883 

Rir Goo. Shnokburgb . . . 14 
18 
27 

Capt. Henry Hater _ __ _ _ 
Francis Baily „ _ _ _ 
Lieut. Murphy. R. E. 
R. Sheepshanks _ _ 
Gen. A. R. Clarke, R. E_ 60 
Prof. W. A. Rogers, 1 in. obj. __ 

“ “ J in. obj. 
“ “ in. obj. . _ 

International Bureau _ __ 90 

1.7 
(2.3) 
(2.0) 

1.50 

f 
(2.0) 
(2.8) 
4. 0.67 

(12.7) 
(28.6) 
(52.7) 

7.5 0.83 

0-01000 
•00428 
•00500 
•00500 
•00358 
•00287 
•00079 
•00035 
•00019 

0 00394 

Note.—The magnifying power of Sir Geo. Shuckburgh’s microscope 

seems to be referred to a distance of twelve inches for distinct vision. The 

powers inclosed in parentheses are estimated upon the assumption that the 

respective micrometer screws had one hundred threads per inch. 

In the memoirs of the French Academy nothing is said respect¬ 

ing the method adopted by the Academicians for comparing their 

various toises; but in his astronomy, Lalande states that the com¬ 

parisons were effected partly by beam compasses, and partly by 

superposing the toises upon each other and examining their ends, 

both by touch and with magnifying glasses ; they being all end 

standards.^ For the definitive adjustment of the length of their 

* 
I 

16, p. 8. 
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meters, which were also end standards, the French Metric Commis¬ 

sion used a lever comparator by Lenoir. 

In 1742 Graham used beam compasses, which he considered trust¬ 

worthy to 0'00062 of an inch, in comparing standards of length ; 

but at that time the French Academicians made their comparisons 

of toises only to one twentieth, or one thirtieth of a line, say 0*0030() 

of an inch, and it was not until 1758 that La Condamine declared 

they should be compared to 0*01 of a line, or 0*00089 of an English 

inch “ if our senses aided by the most perfect instruments can attain 

to that.” ^ Half a century later, ten times that accuracy was attained 

by the lever comparator of Lenoir, which was regarded as trust¬ 

worthy to 0*000077 of an inch.^ 

The heads of micrometer microscopes are usually divided into 

one hundred equal parts, and if we regard one of these parts as the 

least reading of a microscope, then in 1797, Sir George Shuckburgh’s 

microscopes read to one ten thousandth of an inch ; and the least 

reading of microscopes made since that date has varied from one 

twenty thousandth to one thirty-five thousandth of an inch. A few 

investigators, among whom may be mentioned Professor W. A. 

Rogers, of Colby University, have made the least reading of their 

microscopes as small as one 90,000 of an inch, but it is doubtful if 

there is any advantage in so doing. At the present day the errors 

committed in comparing standards arise, not from lack of power in 

the microscopes, but from the difficulty of determining sufficiently 

exactly the temperature of the standard bars, and the effect of flexure 

upon the position of their graduations. In order to ascertain the 

length of a three foot standard with an error not exceeding 0*000020 

of an inch, its temperature must be known to 0*06° F. if it is of brass, 

or to 0*09° F. if it is of iron. To get thermometers that will indicate 

their own temperature to that degree of accuracy is by no means 

easy, but to determine the temperature of a bar from their readings 

is far more difficult. Again, we imagine the length of our standards 

to follow their temperature rigorously, but what proof is there that 

such is the case? If we determine the freezing point of an old ther¬ 

mometer, then raise it to the temperature of boiling water, and im¬ 

mediately thereafter again determine its freezing point, we in¬ 

variably find that the freezing point has fallen a little; and we ex¬ 

plain this by saying that the glass has taken a set, from which it 

114, p. 483. 2 Base du Systeme Metrique. T. 3, pp. 447-462. 
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requires time to recover. Is it not probable that an effect similar 

in kind, although less in degree, occurs in all solids when their 

temparature is varying? When we look at the highly polished 

terminals of an end standard, we are apt to regard them as mathe¬ 

matical surfaces, separated by an interval which is perfectly definite, 

and which could be measured with infinite precision if we only had 

the necessary instrumental appliances ; but is that a correct view ? 

The atomic theory answers emphatically, No. According to it, all 

matter consists of atoms, or molecules, of a perfectly definite size, 

and with definite intervals between them ; but even if that is denied, 

the evidence is now overwhelming that matter is not homogeneous, 

but possesses a grain of some kind, regularly repeated at intervals 

which cannot be greater than one 2,000,000th nor less than one 400,- 

000,000th of an inch. Accordingly, we must picture our standard bar 

as a conglomeration of grains of some kind or other, having magni¬ 

tudes of the order specified, and all in ceaseless motion, the ampli¬ 

tude of which depends upon the temperature of the bar. To our 

mental vision the polished terminals are therefore like the surface 

of a pot of boiling water, and we recognize that there must be a 

limit to the accuracy with which the interval between them can be 

measured. As a basis for estimating how near this limit we have 

approached, it will suffice to say that for fifty years past it has been 

customary to state comparisons of standards of length to one 1,000,- 

000th of an inch. Nevertheless, most authorities agree that although 

one 100,000th of an inch can be distinguished in the comparators, 

one 25,000th of an inch is about the limit of accuracy attainable 

in comparing standards. Possibly such a limit may be reached 

under the most favorable circumstances, but in the case of the yard 

and the meter, which are standard at difterent temperatures, the 

following values of the meter by observers of the highest repute 

render it doubtful if any thing like that accuracy has yet been at¬ 

tained. 

1818. Capt. Henry Kater 

1866. Gen. A. R. Clarke . . 

1883. Prof. Wm. A^ Rogers . 

1885. Gen. C. B. Comstock . 

89'37079 inches. 

39-37043 

39*37027 “ 

39*36985 ‘‘ 

The earliest standard of English weight of which we have any 

very definite knowledge is the mint pound of the Tower of London. 

It weighed 5,400 troy grains, and the coinage was regulated by it 
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up to the year 1527, when it was abolished in favor of the troy 

pound of 5,760 grains. Contemporaneously with the tower pound 

there was also the merchant’s pound, whose exact weight is now in¬ 

volved in so much doubt that it is impossible to decide whether it 

consisted of 6,750 or of 7,200 grains. The tower pound and the 

troy pound were used for weighing only gold, silver, and drugs, 

while all other commodities were weighed by the merchant’s pound 

until the thirteenth or fourteenth century, and after that by the 

avoirdupois pound. It is not certainly known when the troy and 

avoirdupois pounds were introduced into England, and there is no 

evidence of any relation between them when they first became 

standards. The present avoirdupois pound can be clearly proved 

to be of similar weight to the standard avoirdupois pound of Ed¬ 

ward III (A. D. 1327-1377), and there is good reason for believing 

that no substantial change has occurred either in its weight or in that 

of the troy pound since their respective establishment as standards 

in England. 

The oldest standard weights now existing in the English archives 

date from the reign of Queen Elizabeth, and consist of a set of bell¬ 

shaped avoirdupois weights of 56, 28, and 14 pounds, made in 1582 

and 7, 4, 2, and 1 pounds made in 1588; a set of flat circular 

avoirdupois weights of 8, 4, 2, and 1 pounds, and 8, 4, 2, 1, 4, I, 4, 

and tV ounces, made in 1588 ; and a set of cup-shaped troy weights, 

fitting one within the other, of 256, 128, 64, 32, 16, 8, 4, 2,1, 4, 4,4 

(hollow), and 4 (solid) ounces, also made in 1588.^ All these stand¬ 

ards were constructed by order of Queen Elizabeth, under the di¬ 

rection of a jury composed of eighteen merchants and eleven gold¬ 

smiths of London ; the avoirdupois weights being adjusted according 

to an ancient standard of 56 pounds, remaining in the Exchequer 

from the time of Edward III; and the troy weights being adjusted 

according to the ancient standard in Goldsmiths’ Hall.^ 

In view of the fact that the weight mentioned in all the old acts 

of Parliament, from the time of Edward I (A. D. 1274-1307) is 

universally admitted to be troy weight, the Parliamentary Com¬ 

mittee of 1758, appointed to inquire into the original standards of 

weights and measures in England, recommended that the'troy pound 

should be made the unit or standard by which the avoirdupois and 

other weights should be regulated; and by their order three several 

111, p. 430. 2 11, pp. 435 and 443-448. 
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troy pounds of soft gun-metal were very carefully adjusted under 

the direction of Mr. Joseph Harris, who was then assay master of 

the Mint. To ascertain the proper mass for these pounds the com¬ 

mittee caused Messrs. Harris and Gregory, of the Mint, to perform 

the following operations in their presence 

First.—In the before-mentioned set of troy weights, made in 1588, 

which were then the Exchequer standard, each weight, from that 

of 4 ounces up to that of 256 ounces, was compared successively 

with the sum of all the smaller weights ; and by a process for which 

no valid reason can be assigned,^ it was concluded from these weigh¬ 

ings that the troy pound composed of the 8 and 4 ounce weights 

was U grains too light. 

Second.—The aforesaid 8 and 4 ounce weights of the Exchequer 

were compared with five other authoritative troy pounds, four of 

which belonged to the Mint and one to Mr. Freeman, who, like his 

father before him, was scale maker to the miut, and from the mean 

of these weighings it appeared that the sum of the Exchequer 8 and 

4 ounce weights was one grain too light. 

The Committee adopted the mean between the latter result and 

that which they had deduced from the Exchequer weights alone,^ 

and accordingly Mr. Harris made each of his three troy pounds 14 

grains heavier than the sum of the Exchequer 8 and 4 ounce weights; 

but sixty-six years were destined to elapse before Parliament took 

action respecting them. 

The Commissioners appointed in 1818 to establish a more uniform 

system of weights and measures, repeated the recommendations of 

the committee of 1758,^ and as the avoirdupois pound which had 

long been used, although not legalized by any act of the legis¬ 

lature, was very nearly 7,000 troy grains, they recommended that 

7,000 such troy grains be declared to constitute a pound avoirdu¬ 

pois.^ These recommendations were embodied in the act of Parlia¬ 

ment of June 17, 1824, and thus one of the troy pounds made in 

1758 became the Imperial standard. That standard, like Bird’s 

standard yard, was deposited in the Houses of Parliament and was 

burned up with them in October, 1834. 

The present English standard pound was made in 1844-46 by 

Prof. W. H. Miller, who was one of the members of the Commission 

appointed in 1843 to superintend the construction of the new par- 

*^11, p. 437. ^See Note B, below. ^See 23, 24, and 25. ^28, pp. 4-5. 
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liamentary standards of length and weight destined to replace those 

destroyed in 1834. A number of weights had been very accurately 

compared with the lost standard; namely, in 1824 or 1825, by 

Capt. Kater, five troy pounds of gun-metal, destined respectively 

for the use of the Exchequer, the Royal Mint, and the cities of 

London, Edinburgh, and Dublin ; and in 1829, by Capt. v. Nehus, 

two troy pounds of brass and one of platinum, all in the custody 

of Prof. Schumacher, and a platinum troy pound belonging to the 

Royal Society. The first step for recovering the mass of the lost 

standard was manifestly to compare these weights among themselves,, 

and upon so doing it was found that for the brass and gun-metal 

weights the discrepancies between the weighings made in 1824 and 

1844 amounted to 0*0226^ of a grain, while for the two platinum 

weights the discrepancies between the weighings made in 1829 and 

1845 was only 0’00019^ of a grain. With a single exception, all 

the new brass or gun-metal weights had become heavier since their 

first comparison with the lost standard, the change being probably 

due to oxydation of their surfaces, and on that account the new 

standard was made to depend solely upon the two platinum weights. 

For convenience of reference these weights were designated respec¬ 

tively Sp (Schumacher’s platinum), and RS (Royal Society). A 

provisional platinum troy pound, T, intermediate in mass between 

Sp and RS was next prepared, and from 286 comparisons made in 

January, February, July, and August, 1845, it was found that in a. 

vacuum^ 

T = Sp + 0’00105 grain, 

while from 122 comparisons made in January, July, and August,. 

1845, 
T = RS — 0’00429 grain. 

By combining these values with the results of the weighings- 

made in 1824-29, namely, 

Sp = U — 0’52956 grain, 

RS = U - 0-52441 grain, 

where U designates the lost standard—the comparisons with Sp 

gave 
T = U - 0-52851 grain, 

while those with RS gave 

T = U - 0-52870 grain. 

140, p. 772. 2 40, p. 941. 40, pp. 819-20. 
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To the first of these expressions double weight was assigned, be- 

co,use the comparisons of T and U with Sp were about twice as 

numerous as those with KS. The resulting mean was therefore 

T = U — 0*52857 grains = 5759*47143 grains, 

and from that value of T the new standard avoirdupois pound of 

7000 grains was constructed. 

From some time in the fifteenth century until the adoption of the 

metric system in August, 1793, the system of weights employed in 

France was they^oids de marc, having for its ultimate standard the 

pile de Charlemagne, which was then kept in the Mint, and is now 

deposited in the Conservatoire des Arts et Metiers. The table of 

this weight was 
72 grains = 1 gros = 72 grains. 

8 gros = 1 once= 576 “ 
8 onces = 1 marc= 4608 “ 
2 marcs = 1 livre = 9216 “ 

The origin of the pile de Charlemagne is not certainly known, 

but it is thought to have been made by direction of King John (A. 

D. 1350-1364). It consists of a set of brass cup-weights, fitting 

one within the other, and the whole weighing fifty marcs/ The 

nominal and actual weights of the several pieces are as follows: ^ 

Marcs. Grains. 

Boite de 20 marcs 
Piece de 14 “ 

de 8 “ 
de 4 “ 
de 2 “ 
de 1 “ 

Marc divise . . 

20 -f 1*4 
14 + 4*5 

8 — 0*4 
4 — 2*1 
2 — 1*0 
1 — 0*7 
1 — 1*7 

50 =b 0-0 

In determining the relation of the poids de marc to thv; metric 

weights, the committee for the construction of the kilogram regarded 

the entire pile de Charlemagne as a standard of fifty marcs, and 

considered the individual pieces as subject to the corrections stated. 

On that basis they found 

1 kilogram = 18827*15 French grains’^ 

and as a kilogram is equal to 15432*34874^ English troy grains, we 

have 
1 livre, poids de marc = 7554*22 troy grains. 

= 489*506 grams. 

^17, pp. 270-71. 2 Base du Systeme Metrique. T. 3, p. 638. ^40, p. 893. 
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The metric standard of weight, called a kilogram, was constructed 

under the direction of the French Academy of Sciences simulta¬ 

neously with the meter; the work being done principally by Lefevre- 

Gineau and Borda. It was intended that the kilogram should have 

the same mass as a cubic decimeter of pure water at maximum 

density, and the experimental determination of that mass was made 

by finding the difference of weight in air and in water of a hollow 

brass cylinder whose exterior dimensions at a temperature of 17*6° 

C. were, height = 2*437672 decimeters, diameter = 2’428368 deci¬ 

meters, volume = 11*2900054 cubic decimeters. The difference of 

weight in question was first measured in terms of certain brass 

weights, by the aid of which the platinum kilogram of the archives 

was subsequently constructed, special care being taken to apply the 

corrections necessary to reduce all the weighings to what they 

would have been if made in a vacuum.^ 

The best results hitherto obtained for the weight of a cubic deci¬ 

meter of water, expressed in terms of the kilogram of the archives, 

are as follows: ^ 

Date. Country. Observer. 

Weight of 
a cubic 
decimeter 
0 f water 
at 4° C. 

1795_ Frn.nne Tififfivrp-rrinean 

Grams. 

1000-000 

1797—1 
England_ Shuckburgh and Kater _ __ 1000-480 

1821__J 

1825_ Sweden_ Berzelius, Svanberg, and Akermann_ 1000-296 

1830_ Austria_ Stampfer___ __ _ _ _ _ 999-653 

1841_ Russia _ KnpfFp.r 999-989 

Mean __ .. - 1000-084 

^ Base du Systeme Metrique, T. 3, pp. 574-5. 

2 This table has been deduced from the data given by Prof. Miller in 40, 

p. 760. 
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These results show the extreme difficulty of determiniug the exact 

mass of a gilen volume of water. The discordance between the 

different observers amounts to more than one part in a thousand, 

while good weighings are exact to one part in eight or ten millions. 

Without doubt two weights can be compared at least a thousand 

times more accurately than either of them can be reproduced by 

weighing a specified volume of water, and for that reason the kilo¬ 

gram, like the English pound, can now be regarded only as an ar¬ 

bitrary standard of which copies must be taken by direct compari¬ 

son. As already stated, the kilogram is equivalent to 15432*34874 

English troy grains, or about two pounds three ounces avoirdupois. 

In consequence of the circumstance that the mass of a body is not 

affected either by temperature or flexure, w^eighing is an easier pro¬ 

cess than measuring; but in order to obtain precise results many 

precautions are necessary. Imagine a balance wfith a block of wood 

tied to its right-hand pan and accurately counterpoised by lead 

weights in its left-hand pan. If with things so arranged the bal¬ 

ance w*ere immersed in water the equilibrium would be instantly 

destroyed and to restore it all the weights would have to be re¬ 

moved from the left-hand pan, and some of them would have to be 

placed in the right-hand pan to overcome the buoyancy of the w^ood. 

The atmosphere behaves precisely as the water does, and although 

its -effect is minute enough to be neglected in ordinary business 

affairs, it must be taken into account when scientific accuracy i^ 

desired. To that end the weighing must either be made in a vacuum, 

or the difference of the buoyant effect of the air upon the substances 

in the two pans must be computed and allowed for. As very few 

vacuum balances exist, the latter method is usually employed. The 

data necessary for the computation are the latitude of the place 

where the weighing is made and its altitude above the sea level; 

the weights, specific gravities, and coefficients of expansion of each 

of the substances in the two pans ; the temperature of the air, its 

barometric pressure, and the pressure, both of the aqueous vapor, 

and of the carbonic anhydride, contained in it. 

Judging from the adjustment of the pile de Charlemagne, and 

the Exchequer troy weights of Queen Elizabeth, the accuracy at¬ 

tained in weighing gold and silver at the mints during the four¬ 

teenth, fifteenth, and sixteenth centuries must have been about one 

part in ten thousand. The balance which Mr. Harris of the Lon- 
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don mint used in 1743 indicated one-eighth of a grain on a troy 

pound, or about one part in 50,000; while according to Sir George 

Shuckburgh the balance used by Messrs. Harris and Bird in mak¬ 

ing their observations upon the Exchequer weights, apparently in 

1758 or 1759, turned with one 230,000th part of its load.^ In 1798 

Sir George Shuckburgh had a balance sensitive enough to indicate 

O’Ol of a grain when loaded with 16,000 grains, or about one part 

in 1,600,000. The balance used by Fortin in 1799, in adjusting 

the kilogram of the archives, was not quite so delicate, its sensi¬ 

tiveness being only the 1,000,000th part of its load; but in 1844, 

for the adjustment of the present English standard pound, Professor 

Miller employed a balance whose index moved about 0*01 of an 

inch for a change of 0*002 of a grain in a load of 7,000 grains.^ He 

read the index with a microscope, and found the probable error of 

a single comparison of two avoirdupois pounds to be one 12,000,000th 

of either, or about 0*00058 of a grain. At the present time it is 

claimed that two avoirdupois pounds can be compared with an 

error not exceeding 0*0002 of a grain; and two kilograms with an 

error not exceeding 0*02 of a milligram. 

The mean solar day is the natural unit of time for the human 

race, and it is universally adopted among all civilized nations. 

Our ultimate standard of time is therefore the rotation of the earth 

upon its axis, and from that rotation we determine the errors of our 

clocks and watches by astronomical observations. For many pur¬ 

poses it suffices to make these observations upon the sun, but when 

the utmost precision is desired it is better to make them on the 

stars. Until the close of the seventeenth century quadrants were 

employed for that purpose, and so late as 1680 Flamsteed, the first 

English astronomer royal, thought himself fortunate when he suc¬ 

ceeded in constructing one which enabled him to be sure of his ob¬ 

served times within three seconds.^ About 1690 Roemer invented 

the transit instrument, which soon superseded the quadrant, and 

still remains the best appliance for determining time Most of his 

observations were destroyed by a fire in 1728, but the few which 

have come down to us show that as early as 1706 he determined 

time with an accuracy which has not yet been very greatly sur- 

118, p. 148. 2 40, pp. 762 and 943. 

3 Account of the Kev. John Flamsteed. By Francis Baily. pp. 45-6. 

(London, 1835. 4to.) 
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passed. Probably the corrections found in the least square adjust¬ 

ment of extensive systems of longitude determinations afford the 

best criterion for estimating the accuracy of first-class modern time 

observations, and from them it appears that the error of such ob¬ 

servations may rise as high as dz 0'05 of a second. 

During the intervals between successive observations of the 

heavenly bodies we necessarily depend upon clocks and chronom¬ 

eters for our knowledge of the time, and very erroneous ideas are 

frequently entertained respecting the accuracy of their running. 

The subject is one upon which it is difiicult to obtain exact infor¬ 

mation, but there are few time-pieces which will run for a week 

without varying more than three-quarters of a second from their 

predicted error. As the number of seconds in a week is 604,800, 

this amounts to saying that the best time-pieces can be trusted to 

measure a week within one part in 756,000. Nevertheless, clocks 

and chronometers are but adjuncts to our chief time-piece, which is 

the earth itself, and upon the constancy of its rotation depends the 

preservation of our present unit of time. Early in this century 

Laplace and Poisson were believed to have proved that the length 

of the siderial day had not changed by so much as the one hun¬ 

dredth part of a second during the last 2,500 years, but later inves¬ 

tigations show that they were mistaken, and, so far as we can now 

see, the friction produced by the tides in the ocean must be steadily 

reducing the velocity with which the earth rotates about its axis. 

The change is too slow to become sensible within the lifetime of a 

human being, but its ultimate consequences will be most momentous. 

Ages ago it was remarked that all things run in cycles, and there 

is enough truth in the saying to make it as applicable now as on the 

day it was uttered. The Babylonian or Chaldean system of weights 

and measures seems to be the original from which the Egyptian 

system was derived, and is probably the most ancient of which we 

have any knowledge. Its unit of length was the cubit, of which 

there were two varieties, the natural and the royal. The foot was 

two-thirds of the natural cubit. Respecting the earliest Chaldean 

and Egyptian system of weights no very satisfactory information 

exists, but the best authorities agree that the weight of water con¬ 

tained in the measure of a cubic foot constituted the talent, or larger 

unit of weight, and that the sixtieth or fiftieth parts of the talent 

constituted, respectively, the Chaldean and Egyptian values of the 

mina, or lesser unit of commercial weight. Doubtless these weights 



LXIV PHILOSOPHICAL SOCIETY OF WASHINGTON. 

varied considerably at different times and places, just as the modern 

pound has varied, but the relations stated are believed to have been 

the original ones. The ancient Chaldeans used not only the decimal 

system of notation, which is evidently the primitive one, but also a 

duodecimal system, as shown by the division of the year into twelve 

months, the equinoctial day and night each into twelve hours, the 

zodiac into twelve signs, etc., and a sexagesimal system by which 

the hour was divided into sixty minutes, the signs of the zodiac into 

thirty parts or degrees, and the circle into 360 degrees, wdth further 

sexagesimal subdivisions. The duodecimal and sexagesimal systems 

seem to have originated with the Chaldean astronomers, who, for 

some reason w^hich is not now evident, preferred them to the decimal 

system, and by the weight of their scientific authority impressed 

them upon their system of weights and measures. Now observe how 

closely the scientific thought of to-day repeats the scientific thought 

of four thousand years ago. These old Chaldeans took from the 

human body what they regarded as a suitable unit of length, and 

for their unit of mass they adopted a cube of water bearing simple 

relations to their unit of length. Four thousand years later, when 

these simple relations had been forgotten and impaired, some of the 

most eminent scientists of the last century again undertook the 

task of constructing a system of weights and measures. With them 

the duodecimal and sexagesimal systems were out of favor, while 

the decimal system was highly fashionable, and for that reason they 

subdivided their units decimally instead of duodecimally, sexagesi- 

mally, or by powers of two; but they reverted to the old Chaldean 

device for obtaining simple relations between their units of length 

and mass, and to that fact alone the French metric system owes its sur¬ 

vival. Every one now knows that the meter is not the ten millionth 

part of a quadrant of the earth’s meridian, and in mathematical 

physics, where the numbers are all so complicated that they can 

only be dealt with by the aid of logarithms, and the constant tt, an 

utterly irrational quantity, crops up in almost every integral, mere 

decimal subdivision of the units counts for very little. But in 

some departments of science, as, for example, chemistry, a simple 

relation’between the unit of length (which determines volume), the 

unit of mass, and the unit of specific gravity, is of prime impor¬ 

tance ; and wherever that is the case the metric system will be used. 

To engineers such relations are of small moment, and consequently 

among English-speaking engineers the metric system is making no 
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progress, while, on the other hand, the chemists have eagerly 

adopted it. As the English yard and pound are the direct descend¬ 

ants of the Chaldean-Babylonian natural cubit and mina, it is not 

surprising that the yard should be only 0’48 of an inch shorter 

than the double cubit, and the avoirdupois pound only 665 grains 

lighter than the Babylonian commercial mina; but, considering the 

origin of the metric system, it is rather curious that the meter is 

only 1*97 inches shorter than the Chaldean double royal cubit, and 

the kilogram only 102 grains heavier than the Babylonian royal 

mina. Thus, without much exaggeration, we may regard the pres¬ 

ent English and French fundamental units of length and mass as 

representing respectively the commercial and royal units of length 

and mass of the Chaldeans of four thousands years ago. 

Science tells us that the energy of the solar system is being slowly 

dissipated in the form of radiant heat; that ultimately the sun will 

grow dim; life will die out on the planets; one by one they will 

tumble into the expiring sun; and at last darkness and the bitter 

cold of the absolute zero will reign over all. In that far-distant 

future imagine some wandering human spirit to have penetrated to 

a part of space immeasurably beyond the range of our most pow¬ 

erful telescopes, and there, upon an orb where the mechanical arts 

flourish as they do here, let him be asked to reproduce the standards 

of length, mass, and time with which we are now familiar. In the 

presence of such a demand the science of the seventeenth and eight¬ 

eenth centuries would be powerless. The spin of the earth which 

measures our days and nights would be irretrievably gone; our yards, 

our meters, our pounds, our kilograms would have tumbled with the 

earth into the ruins of the sun, and become part of the debris of the 

solar system. Could they be recovered from the dead past and live 

again? The science of all previous ages mournfully answers, No ; 

but with the science of the nineteenth century it is otherwise. The 

spectroscope has taught us that throughout the visible universe the 

constitution of matter is the same. Everywhere the rythmic motions 

of the atoms are absolutely identical, and to them, and the light 

which they emit, our wandering spirit would turn for the recovery 

of the long-lost standards. By means of a diffraction grating and 

an accurate goniometer he could recover the yard from the wave 

length of sodium light with an error not exceeding one or two thou¬ 

sandths of an inch. Water is everywhere, and with his newly re- 

5 
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covered yard he could measure a cubic foot of it, and thus recover 

the standard of mass which we call a pound. The recovery of our 

standard of time would be more difficult; but even that could be 

accomplished with an error not exceeding half a minute in a day. 

One way would be to perform Michelson’s modification of Foucault’s 

experiment for determining the velocity of light. Another way 

would be to make a Siemen’s mercury unit of electrical resistance, 

and then, either by the British Association method or by Lord 

Rayleigh’s modification of Lorenz’s method, find the velocity which 

measures its resistance in absolute units. Still another way would 

be to find the ratio of the electro-static and electro-magnetic units 

of electricity. Thus all the units now used in transacting the world’s 

business could be made tq reappear, if not with scientific, at least 

with commercial accuracy, on the other side of an abyss of time and 

space before which the human mind shrinks back in dismay. The 

science of the eighteenth century sought to render itself immortal 

by basing its standard units upon the solid earth, but the science of 

the nineteenth century soars far beyond the solar system and con¬ 

nects its units with the ultimate atoms which constitute the universe 

itself. 



ANNUAL ADDRESS OF THE PRESIDENT. LXVII 

NOTE A. 

The appended table exhibits the principal comparisons hitherto 
made of the more important early English standards of length. 
The significations of the reference numbers, and the authorities for 
the descriptions of the standards, are as follows: 

No. 1. Standard yard of Henry VII (1490); an end measure 
formed of an octagonal brass rod half an inch in diameter. 

No. 2. Standard yard of Queen Elizabeth (1588); an end meas¬ 
ure formed of a brass rod six-tenths of an inch square. 

No. 3. Matrix to Queen Elizabeth’s standard yard (1588); of 
brass, li inches wide, 1 inch thick, and 49 inches long. 

No. 4. Standard ell of Queen Elizabeth (1588); an end meas¬ 
ure of brass, six-tenths of an inch square. 

No. 5. Standard yard of the Clock-makers’ Company (1671); a 
matrix, formed by two pins in an octagonal brass rod half an inch 
in diameter. 

No. 6. Standard yard at the Tower; a line measure, marked on 
a brass bar seven-tenths of an inch square and 41 inches long. 

No. 7. Graham’s Royal Society scale (1742); a line measure, 
on a brass bar half an inch wide, one-quarter of an inch thick, and 
42 inches long. Line marked E. Mem. Roy. Ast. Soc., Vol. 9, p. 82. 

No. 8. Ditto. Line marked Exch. 

No. 9. Ditto. Paris half toise; marked F. 

Numbers 1 to 9 are described in the Philosophical Transactions, 
1743, pp. 547-550. 

No. 10. Bird’s standard yard of 1758; a line measure, on a 
brass bar 1*01 inches square, and 39 06 inches long. Mem. Roy. 
Ast. Soc., Vol. 9, p. 80. 

No. 11. Bird’s standard yard of 1760; a line measure, on a 
brass bar 1*05 inches square, and 39'73 inches long. Mem. Roy. 
Ast. Soc., Vol. 9, pp. 80-82. 

No. 12. General Roy’s scale; a line measure, upon a brass bar 
0*55 of an inch broad, about 0*22 of an inch thick, and 42*8 inches 
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long; divided by Bird. Phil. Trans., 1785, p. 401, and Measure¬ 

ment of Lough Foyle Base, p. 73. 

No. 13. Ramsden’s bar, used in the trigonometrical survey of 

Great Britain. Phil. Trans., 1821, p. 91; and Measurement of 

Lough Foyle Base, pp. 73-4. 

No. 14. Sir Geo. Shuckburgh’s scale (1796); a line measure, 

upon a brass bar 1’4 inches broad, 0*42 of an inch thick, and 67'7 

inches long. Space compared, to 36*^ Phil. Trans., 1798, p. 

133, and Mem. Roy. Ast. Soc., Vol. 9, pp. 84-5. 

No. 15. Ditto. Space compared, 10*“ to 46*“, 

No. 16. Ordnance yard lA (1827); a line measure, upon an 

iron bar 1*45 inches broad, 2'5 inches deep, and rather more than 

3 feet long. Measurement of Lough Foyle Base, pp. 71,82 and [28]. 

No. 17. Ordnance yard 2A (1827). Similar to lA. Same 

authorities. 

No. 18. Captain Kater’s Royal Society yard (1831); a line 

measure, upon a brass plate 0*07 of an inch thick. Phil. Trans., 

1831, p. 345. 

No. 19. The Royal Astronomical Society’s standard scale (1834); 

a line measure, upon a brass tube 1*12 inches exterior diameter, 

0*74 of an inch interior diameter, and 63 inches long. The central 

yard was the space compared. Mem. Roy. Ast. Soc., Vol. 9, p. 69. 

No. 20. “Col. Lambton’s standard;” a line measure, upon a 

brass plate 0 92 of an inch broad, 0*21 of an inch thick, and 66 J 

inches long; strengthened by an edge bar of nearly the same breadth, 

but only 0*08 of an inch thick. Phil. Trans., 1821, p. 88, and Mem. 

Roy. Ast. Soc., Vol. 9, pp. 82-3. 

The authorities for the comparisons given in the various columns 

of the table are as follows: 

Column A.—Comparisons by Mr. George Graham. Phil. Trans., 

1743, pp. 187, and 547-550. 

Column B.—Comparisons by Sir Geo. Shuckburgh. Phil. Trans., 

1798, pp. 167-181. 

Column C.—Comparisons by Capt. Kater. Phil. Trans., 1818, 

’ p. 55, and 1821, p. 91. 
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Column D.—Comparisons by Capt. Kater. Phil. Trans., 1830, 

p. 377, and 1831, p. 347. 

Column E.—Comparisons by Francis Baily, Esq. Mem. Boy. 

Ast. Soc., Vol. 9, p. 145. 

Column F.—Comparisons by Francis Baily, Esq. Mem. Boy. 

Ast. Soc., Vol. 9, p. 120. 

Column G.—Values adopted by B. Sheepshanks, Esq. Phil. 

Trans., 1857, p. 661. 

The values used by Mr. Sheepshanks in 1848 to determine the 

length of the present Imperial standard yard were Nos. 14 D, 15 F, 

16 and 17 G, and 18 D. 

It will be observed that several different units are employed in 

the various columns of the table, aud care must be taken to allow 

for that circumstance when comparing numbers not situated in the 

same column. 

Compariso7is of the Fimdamental English Standards of Length. 

Ref. 

No. 
A. B. C. D. E. F. G. 

Inches. Inches. Inches. Inches. Inches. Inches. Inches. 

1. 35-9929 35-966 

2. 36-0000 35-993 

3. 36-0102 

4. 45-0494 44.964 

5. 35-9790 

6. 36-0111 

7. 36-0075 * 36-0013 36-002007 . 36-001473 

8. 36-0000 35-9933 . . 35-993684 

9. 38-355 38-3561 

10. . 36-00023 36-000802 

11. . . 36.000659 36-000000 35-999624 36-000000 36.000000 

12. 36-001537 

13. . . 36-003147 

14...... . . 36-000642 36-00009 36-000185 

15. . 36-0000 . . 35-999921 36-000058 

16. 35-999716 

17. 35-999892 

18. . . . 35-99938 

19. . . . . 36-000000 

20. . 36-UOOOOp 



LXX PHILOSOPHICAL SOCIETY OF WASHINGTON. 

NOTE B. 

By direction of the Parliamentary Committee of 1758, and in 

the presence both of that body and of Mr. Farley, deputy chamber- 

lain, Messrs. Harris and Gregory of the London Mint compared 

the several standard troy weights of the Exchequer, with the fol¬ 

lowing results: 

4-oz. 

8-oz. 

16-oz, 

32-oz. 

64-oz. 

128-oz. 

256-oz. 

weight = All smaller weights — 4 grain. 

“ 4- 4 “ 
“ = « + 4 
“ — “ -f 2 grains, 

“ — +3 “ 
- = a _j_ a 

a ^ « __ 21 

The weighings which yielded these results were made at the Lon¬ 

don Mint; the instruments employed being “ a very curious and 

exact pair of scales, belonging to Mr. Harris, and the scales used 

at the Mint for the weighing of gold.” After recording the results 

in their report,^ the Committee continued as follows: 

“ Therefore beginning the difference from the sixteen-ounce weight, and 

carrying it on to the greatest troy weight in the Exchequer, the total differ¬ 

ence v/ill he eight grains and one-half.” 

“ The fourth part of which is two grains upon sixteen ounces, which is a 

grain and a half upon the twelve ounces or pound tro}?-.” 

“ Then the eight and four ounces troy of the Exchequer were compared 

with the following weights : ” 

“ Firsts with the pound troy used at the Mint in weighing of gold, which 

was heavier than that at the Exchequer one grain.” 

Secondly^ with the eight and four ounces at the Mint of the 6th of 

Queen Anne, 1707, which was heavier than that at the Exchequer half a 

grain.” 
“ The eight and four ounces of Queen Elizabeth 1588 at the Mint, was 

heavier than that at the Exchequer three quarters of a grain; another of 

the same year of Queen Elizabeth at the Mint, stampt with a tower, a 

thistle and crown, and EL and crown, was heavier than that at the Ex¬ 

chequer one grain.” 

HI, p. 437. 
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“ Mr. Freeman produced a four and eight ounce of the 6th of Queen 

Anne 1707 by which he makes weights for sale, which was heavier than 

the same weights at the Exchequer one grain and three quarters: There¬ 

fore, upon an average of all these weights, the pound troy should be one 

grain heavier than the weights at the Exchequer, and that added to the 

grain and a half, which, upon the former experiments, the weights at the 

Exchequer are too light a medium taken from thence makes the proper 

increase of the Exchequer pound troy to be one grain and one quarter,” 

“And it is to be observed, that the pound troy weight at the Mint, which 

is now used for gold, and the eight and four ounces at the Mint, marked 

with a tower, and in the time of Queen Elizabeth^ are both one grain 

heavier than the eight and four ounces of the Exchequer.” 

“ And considering that the Exchequer weights have been used ever since 

the 30th of Queen Elizabeth^ 1588, one hundred and seventy years to size 

other weights by, it is highly probable that the difference may have been 

occasioned by the frequent use of the standard.” 

“Your Committee endeavored to compare the troy weights with the 

original standard at Goldsmith's Hall, from whence it is said, in the afore¬ 

said verdict of the 29th and 30th of Elizabeth, that the weights now at the 

Exchequer were made, and for that purpose sent to Goldsmith's Hall for 

the said weights; but were informed that no such were to be found there, 

the Goldsmith's having no weights older than those at the Exchequer ; ” 

The Committee’s statement respecting the way in which the cor¬ 

rection of IJ grains was deduced from the weighings of the Ex¬ 

chequer weights is very obscure, and the result is not justified by 

generally accepted principles. If we put x for the sum of all the 

weights smaller than 4 ounces, then the results of the weighings 

made by the Committee may be written in the form: 

4-oz. divided == 

4-oz. weight = 

8-oz, weight = 

16-oz. weight = 

32-oz. weight = 

64-oz. weight = 

128-oz. weight = 

256-oz. weight = 

1 X 

lx — i grain. 

2 .r + i grain. 

A X i grain. 

8 X + 2? grains. 

16 ^ + 51 grains. 

32 X + 22 grains. 

64 .r + 9 grains. 

(1) 

Before proceeding further we must decide in what sense these 

weights are to be regarded as standards, and perhaps the most 

natural course will be to regard the entire set as a standard of 512 
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troy ounces. In that case the summation of the several columns 

gives ' ^ 

512 ounces = 128 + 39 grains 

whence 

X = 4 ounces — 0‘3047 grain (2) 

and by substituting that value in the equations (1) we obtain the 

corrections to the several weights given in the second column of 

Table I. 
\ 

Table I.—Corrections to the Exchequer Standard Troy Weights of 1588, 

derived from the Weighings made by Messrs. Harris and Chisholm. 

Denomination 

of 

Weight. 

Apparent 

correction 

in 1758. 

Committee’s 

correction 

in 1758. 

Chisholm’s 

correction 

in 1873, 

Loss by 

wear in 115 

years. 

Grains. Grams. Grains. Grains. 

4 ounces divided-- — 0-30 — 0-42 — 1-69 — 1-27 

4 ounces __ •55 •67 0-68 0-01 

8 ounces ..._ _ •86 0-58 1 09 0-51 

16 ounces _ •97 1-42 3-84 2‘42 

82 ounces _ - — 0-19 1-08 3-82 2-74 

64 ounces . _. + 0-62 — 1-17 — 5-04 3-87 

128 ounces _ - + 12-25 -f- 8-67 + 4-28 4-39 

256 ounces _ -- — 10-50 — 17-67 — 53-58 — 35-91 

Sums ± 0-00 — 14-34 — 65-46 — 51-12 

From equations (1) and (2) we have 

4 ounces = 4-oz. weight + 0 5547 grain. 

8 ounces = 8-oz. weight + 0'3594 grain, 

whence it follows that the sum of the eight and four ounce weights, 

which constituted the Exchequer standard troy pound, was too light 

by 0'9141 of a grain. As the mean correction obtained from the 

four weights belonging respectively to the Mint and to Mr. Free¬ 

man agrees closely with this result, the true correction to the Ex¬ 

chequer standard must have been very approximately one grain; 
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and in adopting one and one-quarter grains the Committee seem to 

have augmented the weight of the troy pound by about one-quarter 

of a grain. The corrections which result to the Exchequer troy 

weights upon the Committee’s assumption that the sum of the eight 

and four ounce weights was one and one-quarter grains too light 

are given in the third column of Table I; while the fourth column 

contains the corrections found by Mr. Chisholm in 1873/ and the 

fifth column shows the loss of weight which occurred between 1758 

and 1873. In view of the fact that these weights were constantly 

used for comparing local standards during a period of no less than 

225 years, from 1588 to 1825, their excellent preservation is very 

remarkable. 

In the report of the Committee of 1758 there is another set of 

comparisons of the Exchequer troy weights/ said comparisons 

having been made on April 14, 1758, in accordance with the di¬ 

rections of the Committee, by Mr. Freeman and Mr. Reed, expert 

scale makers, in the presence of Mr. Farley, deputy chamberlain. 

They are as follows: 

i-oz. hollow = 4-oz. solid -f“ ^ grain. 

4-oz. weight = All smaller weights — 4 grain. 

J-oz. “ = “ _ j ' 

1- oz. “ = “ — J “ 

2- oz. “ = 

4-oz. “ = 

8-oz. “ = 

16-oz. “ = 

32-oz. “ = 

64-oz. “ = 

128-oz. “ = 

256-oz. “ = 

± 0 grains. 

zL 0 “ 

± 0 “ 

-2 “ 

± 0 “ 
+ 15 “ 

— 24 “ 

In these equations the symbol zh 0 is used to indicate the relation 

which the Committee expressed by saying that the weights “ very 

nearly agreed.” 

Regarding the entire set of weights as a standard of 512 ounces, 

and putting x for the mass of the i-oz. solid weight, we have 

4-oz. solid = lx. 

4-oz. hollow = lx 4 grain. 

43, p. 21. ni, p. 435. 
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i-oz. weight = 2x. 

hoz. “ = 4x. 

1- oz. “ = Sx. 

2- oz. “ = 16^. 

4-oz. “ = 32a; + i grain. 

8-oz. “ = 64a; +1 “ 
(3) 

16-oz. “ = 128* + 2 grains. 

32-oz. “ = 256*+2 “ 

64-oz. “ = 512* + 6 “ 

128-oz. “ = 1024* + 27 “ 

256-oz. “ = 2048* + 15 “ 

(4) 

and by substituting that value in the equations (3) we obtain the 

corrections given for the several weights in the second column of 

Table II. The third column contains the corrections which result 

upon the Committee’s assumption that the sum of the eight and four 

ounce weights was one and one-quarter grains too light; and the 

fourth and fifth colums contain corrections given by Mr. Chisholm 

in his seventh annual report.^ Mr. Chisholm does not explain how he 

obtained the corrections quoted in the fourth column of the table, but 

their close agreement with those in the third column renders it 

almost certain that they were computed from the comparisons made 

by Messrs. Freeman and Reed. As the Committee of 1758 used 

Mr. Harris’ weighings to the exclusion of those by Messrs. Freeman 

and Reed, the adoption of the opposite course by Mr. Chisholm is 

perhaps explained by the circumstance that in his report on the 

Exchequer standards^ he has quoted the weighings by Messrs. Free¬ 

man and Reed and has attributed them to Mr. Harris. 

' In addition to being less exact, the weighings by Mr. Freeman 

differ from those by Mr. Harris principally in the sign of the cor¬ 

rection to the 32-ounce weight; the former stating that the 32-ounce 

weight was lighter than the sum of all the smaller weights, and the 

latter that it was heavier. To ascertain which was right we have 

143, p. 21. •■^48, p. 11. 
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only to compare the resulting systems of corrections with those found 

by Mr. Chisholm in 1873. Table I shows that according to Mr. 

Harris’ weighings all the weights have grown lighter <luring the in¬ 

terval from 1758 to 1873, while Table II shows that according to 

Mr. Freeman’s weighings some have grown lighter and others heavier, 

and that by quantities which cannot be attributed to accidental 

errors in the weighings. In view of these facts there cannot be a 

doubt that the Committee of 1758 was right in using only Mr. 

Harris’ weighings, and it seems equally certain that the numbers in 

Table I should be adopted to the exclusion of those in Table II. 

Table II.—Corrections to the Exchequer Standard Troy Weights of 1588, 

derived from the Weighings made by Messrs. Freeman and Chisholm. 

Denomination 

of 

Weight. 

Apparent 

correction 

in 1758. 

Committee’s 

correction 

in 1758 

Correction 

Mr. Cl 

in 1758. 

s given by 

lisholm 

in 1873. 

^ ounce solid __ 

Grains. 

— 0-01 

Grains. 

— 0-03 

Grains. 

0-0 

Grains. 

— 0-06 

^ ounce hollow_ -f 0-49 + 0-47 + 0-5 + 0-40 

ounce _ — 0-03 — 0-06 •0 — 0-21 

^ ounce _ •05 •11 •0 -36 

1 ounce -- _ •11 •23 0-0 0-45 

2 ounces — 0-21 •46 — 1-0 1-01 

4 ounces _ __ __ + 0-08 •42 0-5 0-68 

8 ounces ___ •16 0-83 0-75 1-09 

16 ounces _ _ + 0-31 1-68 1-75 3-84 

eS2 ounces __ — 1-38 5-36 5-5 3-82 

64 ounces __ __ — 0-75 8-70 — 9-0 — 5-04 

128 ounces _ __ + 13-50 2-40 + 3-0 + 4-28 

256 ounces __ _ — 12-00 — 43-81 — 45-0 — 53-58 

Sums _ ± 0-00 -- 63 62 — 61-0 — 65-46 
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From comparisons of their troy pound with their avoirdupois 

pound, and with the two-marc weight sent to them by the French 

Academy in 1742, the Royal Society of London found^— 

1. That the English avoirdupois pound weighed 7,004 troy grains; 

2. That the French Uvre^ consisting of two marcs, weighed 7,560 

troy grains; 

and for three-quarters of a century the latter value was universally 

accepted. Further, when the metric system came into being, the 

kilogram was declared to consist of 18,827T5 French grains, of 

which the livre contained 9216^; or, in other words, the kilogram 

was declared equal to 2*04288 livres; whence, with the Royal So¬ 

ciety’s value of the livre, the English equivalent of the kilogram was 

computed to be 15,444 troy grains. 

During some experiments at the London Mint in March, 1820, 

it was found that the French livre belonging to that institution 

weighed only 7555 troy grains. This discovery led to an examina¬ 

tion of the Royal Society’s standards of 1742, which had been care¬ 

fully preserved, and it was found that their livre agreed with that 

at the Mint, but their troy pound was nearly four grains lighter 

than the Imperial standard of 1758, and their avoirdupois pound 

weighed only 7000 troy grains instead of 7004.^ Thus it was rendered 

almost certain that the accepted English equivalent of the kilogram 

was about ten grains too large, and to remove all possible doubt, 

a direct comparison of the English and French standards of weight 

was effected in 182F, through the co-operation of the respective 

governments, and then it was definitively ascertained that the weight 

of the kilogram is only 15,433 troy grains. 

The facts respecting the Royal Society’s standards of 1742 are 

as follows: 

1. The w'eighings recorded in the Philosophical Transactions, 

1743, pages 553 and 556, give 

^6, p. 187. It is usual to designate 1742 as the date of the exchange of 

standards, hut the remark of Cassini de Thury (4, p. 135) shows that the 

true date must have been prior to April, 1738. In his paper of November, 

1742, Graham makes only the indefinite statement that the exchange was 

“ proposed some time since.” 

2 Base du S3'steme Metrique, T. 3, p. 638. 

3See 36, Vol. 1, p. 140, and 28, p. 19. ^28, pp. 19-22. 
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R. S. troy lb. = Exch. (8 oz. + 4 oz.) — 4 grain. (5) 

R. S. troy lb. = Mint (8 oz. + 4 oz.) — 2f grains. (6) 

whence 

Exch. (8 oz. + 4 oz.) — Mint (8 oz. 4- 4 oz.) — 1|- grains. (7) 

2. The weighings by Mr. Harris, for the Parliamentary Com¬ 

mittee of 1758, give^ 

Exch. (8 oz. + 4 oz.) = Mint (8 oz. + 4 oz.) — J grain. (8) 

whence, by (6), 

R. S. troy lb. = Exch. (8 oz. + 4 oz.) — li grains. (9) 

In equations (6) and (8) the weights at the Mint were those of 

the*sixth of Queen Anne, 1707. 

3. In the Philosophical Transactions, 1742, page 187, it is stated 

that the Paris two-marc weight weighs 7560 troy grains. As the 

true weight of two marcs is 7554*22 grains, this implies that the 

Royal Society’s troy pound was too light by 5*78 (5760 7560) == 

4*40 grains. 

In the Philosophical Transactions, 1742, page 187, it is stated 

that the Royal Society’s avoirdupois pound weighed 7004 troy 

grains, while the comparisons made in 1820 show that its weight 

was then only 7000 such grains. This implies that the Royal So¬ 

ciety’s troy pound was too light by 4 00 (5760 7000) = 3*29 

grains. 

Finally, the comparisons of 1820 showed that the Royal Society’s 

troy pound was “ nearly four grains too light.” 

The mean of these three independent results shows that the Royal 

Society’s troy pound was 3*9 grains lighter than the Imperial 

standard of 1758 ; whence 

R. S. troy lb. -f 3*9 grains = Standard of 1758 (10) 

but 

Standard of 1758 = Exch. (8 oz. -f 4 oz.) -f 1? grains (11) 

and therefore 

R. S. troy lb. = Exch. (8 oz. -f 4 oz.) — 2| grains. (12) 

Considering the indefiniteness of the data respecting the weigh- 

111, p. 437. 
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ings made in 1820, equations (9) and (12) agree fairly well, but 

equation (5) is very discordant, as are also equations (7) and (8). 

All the evidence seems to point to an error of about one and one 

half grains in equation (5) ; and if instead of (5) we write 

K. S. Troy lb. = Exch. (8 oz. + 4 oz.) — 2 grains (5') 

(7) will become 

Exch. (8 oz. 4- 4 oz.) = Mint (8 oz. + 4 oz.) — I grain (7') 

and then all the equations will be reasonably accordant. 
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* * * together with the minutes of evidence taken before said Commit¬ 

tee. (Dated 2 Mar., 1824) 35 pp. (E. P. P.) Reports from Committees. 
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weights and measures department of the Board of Trade. For 1872-3. 

8vo, pp. 105. (Contains : Appendix IV.—Account of the standard weights 

and measures of Queen Elizabeth, pp. 10-26 : Appendix V.—Account of 
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ures de I’Observatoire, et les appareils qui ont servi a les construire. An- 

nales de I’Observatoire de Paris. Memoirs, Tome 17, pp. C.1-C.78. (Pub¬ 
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of Trade. 8vo. (Printed as English Parliamentary Papers, and contained 

in the volumes of “Reports from Commissioners.”) 

No. of 

Report 
Hate. 

No. of 

Pages. 

Volume of Reports from 

Commissioners. 

1st__ 1866-7 19 1867, Vol. 19. 

2d_ 1867-8 18 1867-8, Vol. 27. 

3d_ 1868-9 18 1868-9, Vol. 23. 

4th __ 1869-70 25 1870, Vol. 27. 

5th_ 1870-1 46 1871, Vol. 24. 

6th _ _ 1871-2 203 1872, Vol. 35. 

7th_ 1872-3 105 1873, Vol. 38. 

8 th_ 1873-4 138 1874, Vol. 32. 

9th_ 1874-5 58 1875, Vol. 27. 

10th_ 1875-6 68 1876, Vol. 26. 

11th_ 1876-7 12 1877, Vol. 33. 

12th_ 1877-8 12 1878, Vol. 36. 

50.—Reports of the Commissioners appointed to inquire into the condi¬ 

tion of the Exchequer (now Board of Trade) standards. Presented to both 

Houses of Parliament command of Her Majesty. Polio. (Printed as 

English Parliamentary Papers, and contained in the volumes of “Reports 

from Commissioners.”) 

No. of 

Report. 
Hate. 1 

i 

No. of 

Pages, 

Volume of Reports from 

Commissioners. 

l^t - - 24 July, 1868 _ 8 1867-8, Vol. 27. 

2d -- - 3 April, 1869 133 1868-9, Vol. 23. 

1870, Vol. 27. 3d*_ 1 February, 1870_ 159 

4th t_ 21 May, 1870 _ 438 1870, Vol. 27. 

5th _ . _ 3 August, 1870.__ 265 1871, Vol. 24. 

General Index. _ 101 1873, V^ol. 38. 

* On the £>,bolition of troy weight. 
tOn the inspection of weights and measures, etc. 
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51. —Airy; Sir Geo. B. Extracts of papers, printed and manuscript, 

laid before the Commission appointed to consider the steps to he taken for 

restoration of the standards of weight and measure, and the subjects con¬ 

nected therewith. Arranged by G. B. Airy, Esq,, Astronomer Royal. 

Printed by order of the Lords Commissioners of the Treasury. London, 

1840. 4to, 155 pp. (Consists of a vast number of brief extracts giving the 

opinions of many experts upon various points connected with the construc¬ 

tion and use of standards of weight and measure, and the advantages and 

disadvantages of various systems of such standards.) 

52. —Clarke ; Lt. Col. A. R. Results of the comparisons of the stand¬ 

ards of length of England, Austria, Spain, United States, Cape of Good 

Hope, and of a second Russian Standard, made at the Ordnance Survey 

Office, Southampton. By Lieutenant-Colonel A. R; Clarke, C. B., R. E., 

F. R. S., &c., under the direction of Major-General Sir Henry James, R, E., 

F. R. S,, &C.J director-general of the Ordnance Survey. With a preface 

and notes on the Greek and Egyptian measures of length by Sir Henry 

James. Phil. Trans,, 1873, pp. 445-469. 

53. —Adams; John Quincy. Report upon weights and measures, by 

John Quincy Adams, Secretary of State of the United States. Prepared in 

obedience to the resolution of the Senate of the 3d of March, 1817. Wash¬ 

ington : printed by Gales & Seaton. 1821. 8vo, pp. 245, (Contains report 

of F. R. Hassler on comparisons of English and French measures, pp. 153- 

170.) 

54. —Alexander; J. H. Report (made to the governor of Maryland) on 

the standards of weight and measure for the State of Maryland ; and on the 

construction of the yard-measures. Baltimore, Dec. 13, 1845, 8vo, pp. 

iv -1- 213. 

55. —Hassler; Ferdinand Rodolph. Comparison of weights and meas¬ 

ures of length and capacity. Reported to the Senate of the United States 

by the Treasury Department in 1832, and made by Ferd. Rod. Hassler. 22d 

Congress, 1st Session, Ho. of Reps., Doc. No. 299. Washington, 1832. 8vo, 

122 pp., with 4 folding plates. (Contains a paper by Tralles giving impor¬ 

tant details, not published elsewhere, respecting the original iron meters of 

the Commission des Poids et Mesures of 1799.) 

56. —Hassler; F. R. Report from the Secretary of the Treasury, trans¬ 

mitting the report of F. R. Hassler, superintendent of the Coast Survey, and 

of the fabrication of standard weights and measures. 25th Congress, 2d 

Session, Senate, Doc. No. 79. Washington, 1837. 8vo, 16. pp. (Explains 

method adopted for determining subdivisions of the troy pound.) 

57. —Hassler ; F. R. Report upon the standards of the liquid capacity 

measures of the system of uniform standards for the United States; with 

description of a new original barometer, and of the balance for adjusting 

the half bushels by their weight of distilled water. By F. R. Hassler. 27th 
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Congress, 2d Session, Senate, Doc. No. 225. Washington, 1842. 8vo, 

26 pp. and 3 folding plates. 

58. —Bache, a. D., & McCulloh, R. S. Reports from the Secretary of 

the Treasury, of scientific investigations in relation to sugar and hydrome¬ 

ters, made, under the superintendence of Prof. A. D. Bache, by Prof. R. S., 

McCulloh. 30th Congress, 1st Session, Senate, Ex. Doc. No. 50. Wash¬ 

ington, 1848. 8vo, pp. 653. 

59. —Bache ; Prof. Alexandeb, D. Report to the Treasury Department 

on the progress of the work of constructing standards of weights and measures 

for the custom-houses, and balances for the States, and in supplying stand¬ 

ard hydrometers to the custom-houses, from 1 Jan., 1848, to 31 Dec., 1856. 

34th Congress, 3d Session, Senate, Ex. Doc. ISo. 27. Washington, 1857. 

8vo, 218 pp. with 6 folding plates. (Contains descriptions of yard dividing 

engine, and various comparators.) 

60. —Rogers ; Prof. W. A. On the present state of the question of stand¬ 

ards of length. (Contains a bibliography.) Proceed. Amer. Acad, of Arts 

and Sciences, 1879-80. Vol. 15. pp. 273-312. 

61. —Rogers; Prof. W. A. On two forms of comparators for measures 

of length. 8vo, 12 pp. American Quarterly Microscopical Journal, April, 

1879. 

62. —Rogers; Prof. Wm. A. Studies in metrology. 5 Plates. (Con¬ 

tains description of the Rogers-Bond universal comparator.) Proceed. 

Amer. Acad, of Arts and Sciences, l882-’3. Yol. 18, pp. 287-398. 8vo. 

63. —Rogers ; Prof. W. A. An examination of the standards of length 

constructed by the Societe Genevoise. Proceed. Amer. Acad, of Arts and 

Sciences, 1884-’5. Yol. 20, pp. 379-389. 8vo. 

64. —Rogers; Prof. W. A. A study of the centimeter marked ‘‘A,’^ 

prepared by the U. S. Bureau of Weights and Measures for the Committee 

on Micrometry. 8vo, 23 pp. Proc. Amer. Society of Microscopists. Yol. 

32, p. 184. 

65 —Rogers; Prof. Wm. A. On a practical solution of the perfect screw 

problem. 8vo, 44 pp. Trans. Amer. Soc. of Mechanical Engineers. Yol. 5. 

66. —Rogers ; Prof. W. A. A critical study of the action of a diamond 

in ruling lines upon glass. 8vo, 17 pp. Proc. Amer.*Society of Microscop¬ 

ists. Yol. 32, p. 149. 

67. —Travaux et memoires du Bureau International des Poids et Mesures, 

publics sous Pautorite du Comite International, par le Directeur du Bureau. 

Paris. 4to. Tome 1, 1881, 391 pp.; T. 2, 1883, 413 pp.; T. 3, 1884, 348 

pp.; T. 4, 1885, 421 pp.; T. 5, 1886, 416 pp. 
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295th Meeting. January 15, 1887. 

President Harkness in the Chair. 

Fifty-one members present. 

Announcement was made of the election to membership of Messrs. 

Henry Laurens Whiting and Thomas William Symons. 

The following report of the Auditing Committee was presented 

by its chairman, Mr. Woodward, and was accepted: 

January 15, 1887. 

The undersigned, a committee appointed at the annual meeting 

of the Philosophical Society of Washington, December 18,1886, for 

the purpose of auditing the accounts of the Treasurer, beg leave to 

report as follows: 

We have examined the statement of receipts, including annual 

dues, sale of Bulletin, and interest on bonds, and find the same to 

be correct. 

We have examined the statement of disbursements and compared 

the same with the vouchers, and find them to agree. 

We have examined the returned checks and the bank account 

with Riggs & Co., and find the balance, $485.52, to agree with the 

statement of the Treasurer’s report. 

We have examined the United States and other bonds belonging 

to the Society, and find them to be in amount and character as rep¬ 

resented in the Treasurer’s report, aggregating $3,100. 

R. S. Woodward, 

Swan M. Burnett, 

J. H. Kidder, 

Committee. 

(3) 
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Mr. G. K. Gilbert presented a communication entitled 

GRAPHIC METHODS IN RESEARCH. 

[Abstract.] 

An algebraic equation between two variables is the equivalent of 
a plane curve, or, more strictly, of a line lying in a plane. An 
equation containing three variables is the equivalent of a surface. 
If in such an equation one of the variables be assumed equal to 1, 2, 
3, etc., successively, there result a series of equations involving the 
other two variables. Each of these equations may be represented 
by a line in a plane, and the system of lines thus produced is the 
representative of the original equation between three variables. The 
single curve may be called a nomogram, the system of curves an 
iso gram. 

In the simplest use of the graphic method in research the simul¬ 
taneous quantitative observations of two phenomena are represented 
on cross-section paper by a dot, a series of observations are repre¬ 
sented by a system of dots, and a line is drawn through or among 
these dots. This line expresses the law of the relation between the 
two phenomena and is a nomogram. 

When simultaneous observations are made of three phenomena, 
two of the observations are expressed by a dot on section paper and 
the third by a number attached to the dot. All the observations 
having been represented by such numbered dots, a system of lines 
is drawn over the area occupied by the dots, each line representing 
an integral value of one of the variable phenomena, and being 
drawn so as to pass through the dots marked with the correspond¬ 
ing number. An isogram is thus produced without recourse to the 
algebraic equation. 

In the compound nomogram, two or more curves are drawn on the 
same sheet, and with one system of ordinates in common. Each of 
these curves represents an equation with two variables, one vari¬ 
able being common to all the equations. By this means two or 
more variable phenomena are compared with each other through 
the mediation of another phenomenon with which they are related. 

In the compound isogram two or more isograms are drawn on the 
same sheet. Each isogram is the equivalent of an equation between 
three variables, two variables being common to all the isograms. 
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and one peculiar to each. By this means, variable phenomena are 

compared with each other with reference to two other phenomena. 

There are also phases of the graphic method in which lines are 

not drawn, the arrangement of the platted dots being such that they 

cannot be replaced by lines, but nevertheless lead to legitimate in- 

■ ferences. 

The function of the graphic method in research is the classifica¬ 

tion of observations and their generalization, or the discovery of 

their laws of relation. The same function is performed by math¬ 

ematical analysis, bo*th processes being restricted to the discussion 

of quantitative observations. As compared to the mathematical 

method, the graphic is more rapid and less precise. In matters 

difficult of comprehension it aids the imagination by introducing a 

sensory impression, and in this manner it suggests inferences and 

hypotheses which might readily be overlooked if mathematical 

methods were employed alone. 

Mr. H. A. Hazen remarked upon the importance of this method 

in meteorology. He suggested some precautions to be taken in at¬ 

tempting to trace a connection by maximum or mininum epochs 

between elements which are not clearly related or caused by the 

same force. 

Mr. Marcus Baker thought that the graphic method had its 

chief use in rough approximations, and drew attention to the great 

strides which had been made in geometry by the introduction of 

analytical methods, supplementing and in part supplanting graphic 

methods. 

Mr. Paul remarked that the graphic method might be useful in 

a preliminary determination of the most promising of several meth¬ 

ods of possible analysis. 

Mr. C. D. Walcott read a paper entitled 

THE GEOLOGIC AGE OF THE LOWEST FORMATION OF EMMONs’ 

TACONIC SYSTEM, 

illustrated by maps, drawings, etc. 

[This paper, in abstract, appeared in the American Journal of Science, 

3d series, 8°, New Haven, 1887, February, vol. 33, pp. 153-154.] 
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296Tn Meeting. \ January 29, 1887. 

The President in the Chair. 

Thirty-six members present. 

Announcement was made by the President of the death of Gen¬ 

eral William B. Hazen, a member of the Society, which took 

place at 8 p. m., January 16. 

Mr. F. W. Clarke read a paper entitled , 

THE PRESENT STATUS OF MINERALOGY. 

' [This paper is expected to appear in the Popular Science Monthly.] 

A paper by Mr. R. T. Hill, entitled 

THE TOPOGRAPHY AND GEOLOGY OF THE CROSS TIMBERS OF TEXAS,. 

was then read by Mr. W J McGee, as Mr. Hill had been called 
away from the city after his paper was jilaced upon the programme. 

[This paper appeared in full in the American Journal of Science, 3d 

series, 8°, New Haven 1887, April, vol. 33, pp. 291-303.] 

297th Meeting. February^ 12, 1887. 

The President in the Chair. 

Forty-one members and guests present. 

The President announced that Mr. Frank Hall Knowlton 

had been elected to and had accepted membership in the Society. 

A letter Avas read from the secretary of the Anthropological 

Society announcing that Mr. Alfred Russell Wallace would deliver 

an address Tuesday evening, February 15, on “ Social versus Polit¬ 

ical Economy ” before the Anthropological Society, and inviting 

the members of the Philosophical Society and their friends to be 

present on that occasion. 

Mr. H. A. Hazen made a communication on 

THE SKY' GLOW'S OF 1883. 

This communication Avas discussed by Messrs. Paul, E. Far- 

QUHAR, WiNLOCK, and the author. 
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Mr. Bailey Willis presented a paper on 

THE TOPOGRAPHY AND STRUCTURE IN THE BAYS MOUNTAINS, 

TENNESSEE. 

[This paper appeared in the School of Mines Quarterly, Columbia Col¬ 

lege, 8°, Xew York, 1887, xVpril, vol. 8, Yo. 3, pp. 242-252.] 

Mr. G. Brown Goode made a communication on 

THE GEOGRAPHICAL DISTRIBUTION OF SCIENTIFIC MEN AND IN¬ 

STITUTIONS IN THE UNITED STATES. 

[An abstract of this communication appeared in The Epoch, 4°. Yew 

A'ork., 1887, June 24, vol. 1, pp. 467-468.] 

298th Meeting. February 26, 1887. 

The President in the Chair. 

Thirty-nine members and guests present. 

The President announced the election to and acceptance of mem¬ 

bership of Mr. Franklin Austin Seelyl ’ 

Mr. C. V. Kiley read a jiaper upon 

OUR CITY SHADE-TREES, THEIR FOES AND THEIR FUTURE, 

illustrated by drawings and specimens. 

[This paper was afterwards elaborated and published as Bulletin Yo. 10 

■ of the entomological division of the Department of Agriculture, published 

May 7, 1887, with the following title : 

U. S. Department of Agriculture. Division of Entomology. Bulletin 

Yo. 10. Our shade-trees and their insect defoliators. Being a consideration 

of the four most injurious species which affect the trees of .the capital; with 

means of destroying them. By C. V. Riley, entomologist. Washington : 

Government Printing Office, 1887. 69 pp., 8°, illustrated.] 

This communication was discussed by IMessrs. Gilbert, Mer- 

RiAM, and Elliott. 
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Mr. Lester F. Ward made a communication entitled 

THE FREQUENCY OF COINCIDENCES. 

[Abstract.] 

Every one is constantly meeting with coincidences in every-day 

life, but few ever take the trouble to record them. Mr. Ward had 

always been struck by their frequent occurrence and remarkable 

character, but until within about fifteeir years had been content, 

as most people are, to allow them to pass with only a momentary 

expression of surprise. Certain comments upon them, however, 

which he had met with in the writings of Auguste Comte and Dr. 

Georore M. Beard had led him to take a wider view of their signifi- 

cance and to commence in the year 1875 the practice of jotting- 

down in his note-book some of the more interesting and striking of 

them. In this way a large collection of instances had accumulated, 

a few of which were selected for presentation to the Society. These 

were read directly from his notes, without change of phraseology, in 

order to preserve their literal accuracy. Most of them were of a 

character which, according to the mathematical law of probabil¬ 

ities, would not occur again within any finite limitation of the 

events with which they were associated. 

The only application which it was attempted to make of the facts 

was to point out their bearing upon the investigations which had 

been recently conducted by the British Society for Psychical Re¬ 

search, fron; which, in Mr. Ward’s opinion, unwarranted conclu¬ 

sions had been drawn, and which, he believed, receive their true 

explanation only when the frequency of coincidences is fully recog¬ 

nized. 

This communication was discussed by Messrs. Woodward and 

Clarke. 

299th Meeting. • March 12, 1887. 

The President in the Chair. 

Thirty-four members and guests present. 

The President announced the death on March 5th, at Pensacola, 
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Florida, of Capt. Edward Phelps Lull, U. S. N., a member of 

this Society. 

The President also announced that Mr. Herbert Couper Wil¬ 

son had been elected to and had accepted membership in the Society. 

Mr. G. E. Curtis read a paper on 

THE THEORY OF THE AVIND-VANE. 

[This paper appeared in the American Journal of Science, 3d series, 8°, 

New Haven, 1887, July, vol. 34, pp. 44-52. It has also been reprinted in 

the American Meteorological Journal, 8°, Ann Arbor, Mich., 1887, Sep¬ 

tember, vol. 4, No. 5, pp. 215-224.] 

Mr. H. A. Hazen thought that Mr. Curtis’s formulse showed 

that a single-tailed vane is more sensitive than a doubled-tailed one 

and Avould define a sensitive vane as that one Avhich most quickly 

assumes the direction of the Avind. 

Mr. Bates regarded these formulae, presented by Mr. Curtis, 

Avhich had been deduced for inelastic fluids moving in right lines as 

inapplicable to elastic fluids moving in curved lines and often 

affected by vortices. 

Further remarks were made by Messrs. Abbe, Woodavard, and , 

Curtis. 

Mr. C. F. Marahn made a communication on 

THE electrometer AS USED IN OBSERVATIONS OF ATMOSPHERIC 

electricity, 

exhibiting in connection Avith it a diagram and the instrument 

itself. 

Mr. Bailey Willis made a communication on the 

development of a perspectia^e map from a contour map, 

illustrated by three sketches and diagrams. 

Mr. W. D. Johnson exhibited and explained a new plane table, 

presenting a number of improvements, especially as to increased 

stability, compactness, levelling, and mode of attaching the paper 

to the board. 
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300th Meeting. March 26, 1887. 

The President in the Chair. 

Seventy-one members and guests present. 

This meeting was held in the Assembly Hall of the Cosmos Club, 

southeast corner of H street and Madison Place, the Club having 

offered the use of its hall as a meeting place for the Society. Pre¬ 

ceding meetings during this year and during several former years, 

were by the courtesy of the Surgeon ^General of the United States 

Army, held in the library of the Surgeon General’s Office on the 

east side of 10th and between E and F streets ]^. W. 

The President briefly alluded to this removal to more commodi¬ 

ous quarters upon the 300th meeting of the Society as marking an 

epoch in its history. 

Announcement was made of the election to membership of Mr. 

Samuel Pierpont Langley and Mr. Harry King. 

Mr. H. A. Hazen read a paper upon the 

RELATION BETWEEN WIND VELOCITY AND PRESSURE, 

illustrated by an apparatus resembling that used by him’in recent 

experiments at the Smithsonian Institution. 

[This paper appeared in the American Journal of Science, 3d series, 8°, 

New Haven, 1887, October, vol. 34, pp. 241-248.] 

The paper was discussed by Messrs. Billings, Woodward^ 

Harkness, Paul, and the author. 

Mr. Bailey AVillis made a communication on 

MT. RAINIER AND ITS GLACIERS, 

illustrated by perspective drawings of Rainier and Shasta, derived 

from contour maps by the method explained at the last meeting. 

The facts brought out by the illustrations and remarks indicate that 

Rainier was a point of intense volcanic activity long since extinct, 

and Shasta one of long continued less violent eruption. Rainier is a 

ruin, Shasta a complete cone. 
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Mr. Diller followed with an account of Mi. Shasta, contrasting 

it with Mt. Rainier. 

These communications were discussed by Messrs. Dutton and 

Willis. 

Mr. Marcus Baker made a communication entitled 

WHAT IS A TOPOGRAPHIC MAP? 

[Abstract.] 

Referring to the volume of testimony taken by a joint committee 

of the two houses of Congress charged with the duty of investigating 

the relations of certain scientific bureaus, Mr. Baker remarked that 

the time seemed opportune to discuss dispassionately certain points 

previously discussed controversially. 

Great diversity of view and of usage as to what constitutes topog¬ 

raphy, topographic survey, topographic map, etc., was brought out by 

citations from various authors and witnesses. 

According to some, the relief of a portion of country constitutes 

its topography; according to others, relief, drainage, and culture 

together make up topography; still others find that the delineation 

or representation of such features constitutes topography. Topog¬ 

raphy is also defined as “description of places” and as “a branch 

of surveying.” 

A rather large and mixed assortment of maps was exhibited. 

These maps, made by different nations, on different scales, in differ¬ 

ent styles and colors, with different conventions and symbols, and 

differing as to accuracy and completeness, were offered as samples 

of a very large assortment, which it was proposed to classify. 

“Topographic maps” should form one of the various classes into 

which it would be desirable or convenient to divide maps. To de¬ 

termine what principles should be adopted as guides for including 

or excluding from this class was the object of the enquiry. 

It was suggested that a satisfactory definition of “topographic 

map” must take account of four things, viz.: 

(a) scale. 

(b) purpose. 

(c) features to be represented. 

(d) accuracy. 
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(a) Maps on a very small scale may be called generalized maps, 

and, though showing topographic features as fully and corajoletely 

as the scale will permit, are still not properly topographic but gen¬ 

eralized maps. 

Maps on very large scales, on the other hand, though sometimes 

containing curves of equal altitude or contours, are yet rather dia¬ 

grams or plans than topographic maps. 

The topographic map requires a scale somewhere between the 

small scale generalized map and the very large scale plan. 

(b) The class to which any given map must be referred further 

depends upon its purpose. If the purpose is to exhibit the geologic 

structure, it is a geologic map; if designed for military purposes, a 

military map; if for nautical purposes, a nautical map—or, as it is 

called, a chart—and if for exhibiting the topography, a topographic 

map. If a topographic map is colored to exhibit the geologic 

structure of the region shown, it is no longer a topographic but a 

geologic map, etc. Most of the maps of the Coast Survey, though 

exhibiting more or less topography, would not be classed with topo¬ 

graphic maps, but with charts, being designed for nautical pur¬ 

poses. 

(c) The features to be exhibited on a map, in ordei* that it may 

be classed as topographic, are (1) the relief, (2) the drainage, in¬ 

cluding in this term the whole water system of ponds, lakes, swamps, 

streams, etc., and (3) the culture, this term imj^lying the works of 

man of such size or importance as to warrant their being classed as 

topographic features. What features are topographic depends upon 

the scale of the map. 

(d) With respect to accuracy we shall have topographic maps 

and topographic sketches. A topographic sketch controlled by 

locations is a topographic map; not so controlled, it remains a 

sketch. 

This communication was discussed by Messrs. G. Thompson, II. 

Farquhar, R. D. Mussey, and the author. 
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301st Meeting. ' April 9, 1887. 
I 

The President in the Chair. 

Seventy-three members and guests present. 

Prof H. Carrington Bolton, of Hartford, Conn., read, by in¬ 

vitation, a paper on the 

COUNTING-OUT RHYMES OF CHILDREN, THEIR ANTIQUITY, ORIGIN 

AND WIDE DISTRIBUTION. 

[Published in a volume of same name by Elliot Stock, London. Also 

read before the New York Academy of Sciences.] 

This paper was discussed by Messrs. Eastman, Billings, Mus- 

SEY, Hazen, Ward, Mason, Edward Eggleston, Babcock, and 

by the author. In the course of the discussion several new rhymes 

were brought forward together with many interesting references to 

particular customs and formulse of speech. 

302d Meeting. April 23, 1887. 

The President in the Chair. 

Sixty members and guests present. 

Mr. Harkness presented a communication 

ON A DEVICE FOR VIEWING THE SUN BY LIGHT OF ANY DESIRED 

WAVE LENGTH. 

[Abstract.] 

If two precisely similar prisms are placed in contact, with their 

refracting angles facing in opposite directions, the outer surfaces of 

the combination will be parellel to each other, and light falling 

upon the first prism will emerge from the second parallel to its origi¬ 

nal direction and without suffering any dispersion whatever. So 

long as the two prisms remain in contact the combination is, in 

effect, a piece of thick piano-parallel glass, and objects seen through 

it present only their natural colors. If, however, the prisms are 

separated by a considerable interval a different action occurs. A 
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small pencil of nearly parallel rays falling upon the first prism 

then suffers so much dispersion before reaching the second prism 

that the latter can no longer reunite the rays of different wave¬ 

lengths, but it will still render them parallel to the directions they 

had before entering the first prism. Thus all the conditions neces¬ 

sary for affording distinct vision of the radiant to an eye situated 

behind the second prism are fulfilled, and at the same time the 

wave-length of the light received by the eye can be completely con¬ 

trolled by the adjustment of the prisms: 

In the experimental apparatus actually constructed two sixty- 

degree prisms were employed, separated by an interval of thirty- 

eight inches. These prisms were fixed relatively to each other, and 

behind the second one a viewing telescope of 6.5 inches focal dis¬ 

tance and 0.84 of an inch clear aperture was mounted in such a 

way that it could be moved through an arc sufficient to bring rays 

of any desired wave-length to the center of its field. Slits were 

placed immediately behind the first prism and before the objective 

of the viewing telescope. Thus arranged, the instrument gave 

images of the whole sun composed of tolerably homogeneous light; 

but the image of the surrounding sky was not composed of homoge¬ 

neous light, and to remedy that defect a somewhat different arrange¬ 

ment of the slits will be tried. 

This communication was followed by a symposium upon the ques¬ 

tion, 

WHAT IS TOPOGRAPHY? 

/ 
participated in by Messrs. M. H. Doolittle, W. D. Johnson, H. 

G. Ogden, and Gilbert Thompson. 

Mr. Doolittle began by declaring his ignorance until recently 

of the subject and his resulting fitness to investigate without preju¬ 

dice. He then pointed out the* origin and development of the terms 

geography, chorography, and topography, referring to the death of 

the term chorography at the ripe old age of 1,500 years or there¬ 

abouts and the alteration with time of the meaning of the words 

geography and topography. The early meaning of topography, 

description of places, appears to be obsolete or obsolescent. The 

existing confusion concerning the meaning of the word topography 

was made strikingly manifest by quotations from dictionaries. 
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Mr. W. D. Johnson followed with a written communication, in 

which he took the ground that topography had within recent years 

lost almost or quite completely its old significance of description of 

places, and was now almost universally understood to refer to sur¬ 

face forms, the ups and downs, the hills and valleys, etc., and to 

nothing else. This position was defended by very diverse and 

numerous citations. 

Mr. H. G. Ogden followed with a written communication, in 

which he argued that the topographical features which, taken to¬ 

gether, constitute topography, comprise not only natural relief, but 

artificial relief also, such as railway cuts and embankments, dams, 

mounds,'etc., and that generally hills and valleys, streams and ponds, 

towns and roads, etc., should be, as they have been, regarded as 

topographical features. 

Mr. Gilbert Thompson held that permanent hill features alone 

constitute topography, and set forth the general applicability of 

this view by illustrative crayon drawings. 

A general discussion followed, participated in by Messrs. W. D. 

Johnson, G. Thompson, Doolittle, Winlock, Harkness, E. 

Farquhar, and M. Baker. 

303d Meeting. May 7, 1887. 

The President in the Chair. 

Forty-four members and guests present. 

Announcement was made of the election to membership of Mr. 

Harry Vanderbilt Wurdemann. 

Mr. J. W. Chickering read a paper on 

the MUIR glacier, ALASKA, 

illustrated by a map and diagram. 

Mr. Marcus Baker commented on this communication and re¬ 

marked that in a careful inspection of the shores of Lynn Canal in 

1880 he was unable to discover more than a small proportion of the 

glaciers reported by Mr. Muir. 
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Mr. C. Hart Merriam read a paper upon 

THE ECONOMIC PHASE OF THE ENGLISH SPARROW QUESTION. 

[This paper appeared in the Keport of the Commissioner of Agriculture, 

1886, 8°, Washington, Government Printing Office, 1887, pp. 227-246; with 

map.] 

Respecting the law protecting sparrows Mr. Hazen drew atten¬ 

tion to the fact that a colored boy had recently been fined two 

dollars in the Police Court of Washington for throwing stones at 

sparrows. 

Mr. W J McGee made an oral communication entitled 

THE QUATERNARY DEPOSITS AND THE GREAT DISPLACEMENT OF 

THE MIDDLE ATLANTIC SLOPE, 

embodying the results of investigations set forth in part in a memoir 

on the geology of the head of Chesapeake Bay, contained in the 

Seventh Annual Report of the U. S. Geological Survey, and in part 

in an article entitled Three Formations of the Middle Atlantic 

Slope, which is expected to appear in the American Journal of 

Science for February and March, 1888. 

304th Meeting. May 21, 1887. 

The President in the Chair. 

Forty-five members and guests present. 

Mr. C. E. Dutton made a communication on 

A RECENT VISIT TO THE SCENE OF THE CHARLESTON EARTH¬ 

QUAKE AND RESULTING CONCLUSIONS. 

Mr. W. H. Dall made a communication entitled 

SOUTH FLORIDA NOTES. 

Remarks on this communication were made by Messrs. Bou- 

TELLE, Head, and Toner. 

Adjourned to October 15. 
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305th Meeting. October 15, 1887. 

The President in the Chair. 

Fifty-one members and guests present. 

The President announced the death at Wood’s Holl, Massachu¬ 

setts, on August 19, 1887, of Prof. Spencer Fullerton Baird, 

one of the original members of the Society. 

Mr. C. E. Dutton made a communication 

ON THE DEPTH OF EARTHQUAKE FOCI. 

[Abstract.] 

Mr. Dutton first referred to the various methods which had been 

resorted to in order to ascertain the depths of earthquake foci. The 

method suggested by Mallet and based on the assumption that the 

lines of fracture in the walls of buildings tended to arrauge them¬ 

selves transversely to the direction of propagation, he believed to be 

unavailable and not sustained by observation. The motions of 

buildings and of the ground itself during an earthquake were 

highly complex, and, moreover, the lines of fracture, he believed, 

were influenced far more forcibly by the nature of the structure, 

the openings in the walls, and the natural directions of vibration 

than by the directions of the impulses themselves. 

Seebach’s method, by ascertaining the variation of the speed of 

the wave along the surface of the ground in the vicinity of the epi- 

centrum, was regarded as impracticable, though the mathematical 

considerations upon which it was founded were doubtless correct. 

The speed of propagation is so high and the difficulty of obtaining 

time observations of sufficient precision is so great that this mode 

of solution must fail for want of the requisite data. Seebach seems 

to have been under the impression that this speed was not more 

than a very few hundred metres per second. The Charleston earth¬ 

quake was transmitted with a speed probably exceeding 5,000 metres 

per second, and Mr. Dutton was of the opinion that all true earth¬ 

quakes were propagated with a speed differing but little from that; 

but, even if the speed were no greater than Seebach supposed, it 

2 
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would Still be expecting too much of human fallibility to suppose 

that data of sufficient accuracy could ever be obtained. 

There is, however, a method which is dependent, not upon time 

data, but upon observations of intensity, which seems to offer the 

means of computing the desired quantity. It is well known that 

the intensity or energy per unit area of wave front diminishes as 

the wave moves outwards from the centrum. Like all radiant 

energy, it must be subject to the law of variation inversely as the 

square of the distance. If the elasticity of the medium were perfect 

and its density uniform the law would be rigorous. As a matter of 

fact, it is not so ; but, on the other hand, we are assured that the 

elasticity cannot be very imperfect, since if it were so the propaga¬ 

tion of impulses to veiy great distances would be impossible, and 

the waves would soon be extinguished in work done upon the me¬ 

dium itself Nor is there reason to suppose that the variations* of 

density are extreme. Thus, while the law of inverse squares may 

be in some measure impaired, it may still be assumed as an approxi¬ 

mate expression of the reality. 

If, then, we were able to form a just estimate of the rate of varia¬ 

tion of the intensity along lines radiating from the epicentrum, we 

should have the means of computing the depth of the focus. Thus, 

if O be the focus and E the epicentrum and P any point at a dis¬ 

tance from the epicentrum, the intensity at P would be inversely 

proportional to the square of O P. Calling E P = a;, O P = r, and 

O E = g, and designating by a the intensity at unit distance and 

by y the intensity at any other distance x, we have the equation: 

a a 
y 

This equation corresponds to a curve whose figure is approxi- 
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mately represented in the diagram, and the curve will have a point 

of inflexion at which the decrease in the value of 2/ as E P in¬ 

creases will be a maximum. Differentiating the equation twice 

and equating the value of the second differential coefficient to zero 

will give us the co-ordinates of this point of inflexion. The value 

of the abscissa of this point will be 

1/ 3 

From this value the constant a has disappeared, showing that it 

is independent of the intensity of the original shock and dependent 

upon the depth alone. The application of this analysis to the 

problem is as follows : As we recede from the epicentrum the inten¬ 

sity diminishes, but it does not diminish at a uniform rate with the 

distance. There is some critical distance from the epicentrum at 

which the rate of decrease of intensity has a maximum value. 

This critical distance depends upon the depth of the focus and 

upon nothing else, and the magnitude of this distance is equal to 

the depth divided by V3, and, conversely, the depth of the focus 

is equal to the critical distance multiplied by i/3. If, then, we can 

locate the epicentrum and the points where the intensity diminishes 

with greatest rapidity, we have at once the means of determining 

the depth of the focus. In the case of the Charleston earthquake 

this location has been approximately made and a depth of about 

twelve miles has been deduced for the focus of the principal shock. 

After a description of Mallet’s second method of investigation by 

the observation of the overturning power of earthquakes, the sub¬ 

ject was discussed by the President and by Messrs. H. Farquhar, 

Gilbert, and Dutton. 

Mr. F. 'W. Clarke made an oral communication on the 

MANCHESTER MEETING OF THE BRITISH. ASSOCI AT TON FOR THE 

ADVANCEMENT OF SCIENCE, 1887. 

Remarks upon this communication were made by Mr. Abbe. 
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306th Meeting. . ‘ October 29, 1887. 

The President in the Chair. 

Forty-one members and guests present. 

Announcement was made by the President of the election to and 

acceptance of membership of Mr. Jesse Herman Holmes. 

The President also referred to the loss sustained by the scientific 

world in the death of Prof Spencer F. Baird, and announced 

that the General Committee had taken the preliminary steps for 

arranging a memorial meeting in commemoration of his life and 

scientific work. 

Mr. Cleveland Abbe read the following paper entitled 

THE SIGNAL SERVICE BIBLIOGRAPHY OF METEOROLOGY. 

Mr. Abbe stated that in 1872 he began, at his own expense 
and for personal use, a more systematic collection of the titles of 
Avorks bearing upon all subjects that he was interested in, especially 
meteorology. After corresponding in 1874 Avith the committee 
of the Royal Society as to the probability of the publication of 
their proposed subject-index to their Catalogue of scientific papers^ 
and being officially informed that this Avork Avould not be under¬ 
taken, he decided to complete his systematic examination of all 
the titles in that great Avork and copy the appropriate ones for 
his OAvn use. In 1878, AAdien this Avork Avas nearly completed, so far 
as regards the first six volumes, he addressed a note to Prof Hann,, 
of Vienna, stating what he had done and inquiring Avhether any 
one in Europe Avas similarly engaged. Almost simultaneously Avith 
this Prof. Hann received and published^ a letter from Dr. Hell- 
mann, of Berlin, dated January 10, 1879, urging the importance of 
a general index to the literature of meteorology. This letter had 
evidently been suggested by a circular issuedGn October, 1878, by 
the permanent committee of the first meteorological congress at 
Vienna, proposing a programme for the second, congress about to 
be held at Rome in the approaching month of April, 1879. In this 
circular the committee asked that the delegates prepare catalogues 

^Ztschr. Met., Wien, 1879, xiv, 96. 
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of the meteorological observations' published or unpublished, for 

their respective countries. 

At the Rome conference Dr. Hellmann’s letter was presented on 

April 21 and by the congress referred to the newly-appointed Inter¬ 

national meteorological committee. The congress also adopted 

resolutions^ asking the delegates to prepare lists of the .observations 

for their respective countries, and the directors of meteorological 

libraries to add lists of the works not found in the published library 

catalogues of the Meteorological society of London and the obsei v- 

atory at Brussels, or in Mr. Abbe’s cards. 

After the meeting at Rome Mr. Abbe received a letter from Dr. 

Hellmann, to which he replied August 22, 1879, offering to co¬ 

operate in the preparation of a general bibliography and to transfer 

his cards either to the International meteorological committee or to 

Dr. Hellmann personally, on the repayment of his expenses. 

At the same time a similar offer was made to General Myer, 

Chief signal officer, under the impression that the latter would be 

pleased to complete the work as an official matter. 

At the first or Berne meeting of the International meteorological 

oommittee in August, 1880, letters of Dr. Hellmann were read 

dated January 20 and July 20, 1880, giving a detailed scheme for 

combining the various works and for ^he preparation of a catalogue, 

and embodying Mr. Abbe’s proposal of August, 1879, as well as 

a similar one from Mr. G. J. Symons of London^ The committee, 

however, resolved that each country be requested to furnish lists 

of observations and that Messrs. Scott and Hellmann be a sub- 

eommittee to consider the means of carrying out Dr. Hellmann’s 

scheme.^ 

In the fall of 1881, Mr. Abbe wrote to Mr. Symons for more de¬ 

tails as to his work. Mr. Symons’ reply and Mr. Abbe’s renewal 

of his previous offer were then laid before General Hazen, Chief 

signal officer, who decided to purchase the catalogues of both these 

gentlemen with a view to their combination and completion by the 

Signal office in case the International committee did not do this. 

In November, 1881, Mr. Symons was authorized to prepare at the 

expense of the Signal office, a copy of all meteorological titles in his 

2 Rep. pr. internat. meteoral. cong. Rome 1879, Lond., 1879, p. 21, 7o. 

^Rep. pr. internat. meteoral. comm. Berne,1880, Loncl., 1881, p. 38, 40. 

^Ibid., p. 8-9. 



22 PHILOSOPHICAL SOCIETY OF WASHINGTON. 

collection, and in December, 1881, Mr. Abbe’s cards were pur¬ 

chased. 

Mr. Symons’ catalogue^ was received in October, 1883, and on 

March 4, 1884, Mr. C. J. Sawyer, librarian of the Signal office, 

was relieved from the care of the library, and, as bibliographer, 

ordered to devote his whole time to the completion of this work, 

which was then transferred from the library to the study room 

division of the Signal office. 

At the second meeting of the International meteorological com¬ 

mittee, at Copenhagen, in August, 1882, Messrs. Scott and Hell- 

mann reported that the Meteorological office could not print the 

proposed catalogue and that subscriptions were not practicable. 

They therefore recommended each meteorological service to publish 

a national bibliography, for which Hellmann’s Repertorium der 

deiitschen Meteorologie, prepared in accordance with the ideas of 

the committee and now just about to be published, should serve as 

a model. It need only be added, that since 1882 the International 

meteorological committee have, with other meteorologists, acqui¬ 

esced in the arrangement by which the Signal service has under¬ 

taken to complete and, if possible, publish for its own and for gen¬ 

eral use a general index to the literature of meteorology. 

The importance of this woi;k is especially endorsed by General 

Greely, who, in his current annual report, October, 1887, as Chief 

signal officer, says: 

The practical value of such a bibliography has been fully shown 
by its constant use in current office work, and, in addition to the 
official demands, almost daily calls for information have been re¬ 
ceived from parties not connected with the service. The result of 
this work is the collection of special bibliographies, which ensures 
those consulting it a complete index of what has been accomplished 
in each special line of meteorology. As has been well said, the 
progress of meteorology is retarded and labor therein wasted owing 
to the impossibility of ascertaining what has been done in its various 
branches—an experience which, as scientific men well know, is by 
no means confined to this science. The cost of time and labor to 
the Government for the preparation of this work cannot be less than 
$12,000 to $15,000, and the result of these labors has been the com¬ 
pletion of a work which is of great value, both practically and sci¬ 
entifically, to the entire world. The catalogue in its present condi¬ 
tion is valuable, and sufficient for the pressing needs of this service, 
but to view it in this light Avould evince a narrow and selfish dispo¬ 
sition not in keeping with the scientific spirit of the age. At a cost 
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of probably $8,000 or $10,000 this work can be printed and dis¬ 
tributed to the world as a monument and evidence of the growing 
scientific tendency of this nation. If such action is taken by Con¬ 
gress, the Chief Signal Officer has no doubt, from the willing spirit 
and hearty co-operation shown by leading scientists of other coun¬ 
tries, that future international co-operation will secure, by a system 
of rotation, from the various European governments the publication 
of a series of supplements which will keep the world abreast of the 
steadily increasing volume of meteorological publications. A large 
number of American and foreign meteorologists and librarians have 
given largely of their time and energy in the compilation of this 
bibliography, as is shown by the fact that over one-half of the mate¬ 
rial has been contributed from foreign countries, so that the bibli¬ 
ography represents not only a large expenditure on the part of the 
United States, but also many years of. additional gratuitous labor. 
The material could not be duplicated, and it would seem but a re¬ 
spectable reciprocity of exchange that the Government should print 
the catalogue, so as to enable the voluntary contributors to avail 
themselves of the complete work. This fulfilment of obligations to 
contributors by a public catalogue is an act of justice ; but, in addi¬ 
tion, it should bd considered that this bibliography will be of great 
practical value to the agricultural, commercial, engineering, and 
medical interests not only of the United States, but of the world. 

Mr. Abbe stated that he had asked Mr. Sawyer to present to the 

Philosophical society some account of his work, now nearing com¬ 

pletion, but, as he could not be present, Mr. Abbe read the following 

memorandum prepared by Mr. Sawyer: 

MEMORANDUM ON THE SIGNAL SERVICE BIBLIOGRAPHY OF 
\ 

METEOROLOGY AND TERRESTRIAL MAGNETISM. 

The bibliographical work of the Signal office dates from 1881, 

and officially originated in correspondence begun by Prof. Abbe 

with Prof. G. J. Symons, of London, Dr. G. Hellmann, of Berlin, 

and Dr. A. Lancaster, of Brussels, who all manifested the greatest 

interest in the proposed catalogue and have been the most impor¬ 

tant contributors to it. 

The meteorological titles in the Catalogue of scientific papers. 

Compiled by the Royal society of London, vols. i-vi {i8oo-i86j), had 

already been selected and extracted by Prof. Abbe and were trans¬ 

ferred to the Signal office in December, 1881, on the repayment of 

the expenses incurred by him in the work. At the request of the 

Signal office. Prof. Symons undertook to furnish copies of all titles 

on meteorology and terrestrial magnetism contained in his extensive 
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collection of titles on astronomy, meteorology, and allied sciences, 

the expense to the office to, be only his actual outlay for clerical 

assistance. Prof. Symons’ catalogue already represented many 

years of bibliographical research, and to it he now added many 

titles, securing the co-operation of European meteorologists by per¬ 

sonal visits and by correspondence, and including the more impor¬ 

tant English libraries. 

This catalogue was received late in 1883, about two years having 

been spent in its compilation; it consisted of about 18,000 titles 

chiefly of separate works, and may be considered as the foundation 

•of the present bibliography. No further work Avas done until 

March, 1884, Avhen an effort to secure the services of Prof. Lancaster 

having failed, the librarian of the Signal office was assigned to the 

Avork of preparing the catalogue for publication. 

The original intention had been to extend Prof. Symons’ work 

only by the combination of titles from the Royal Society catalogue 

including those in vols. vii and viii (1864-1873), selected but 

not yet copied by Prof Abbe, the catalogue to be arranged by 

authors and to form only a first contribution to the general meteoro¬ 

logical bibliography desired. 

But the large amount of material on hand, and the conviction 

that some recent contributions to the subject, especially the Reper- 

toriuin der deutschen Meteorologie by Dr. Hellmann, should be in¬ 

cluded, and that the periodical literature previous to 1800 and 

subsequent to 1873 should be represented, led to the consideration 

of an enlargement in the scope of the Avork. It Avas foreseen that 

the necessary delay in securing an appropriation for publication 

Avould afford opportunity for still further extension, and it Avas 

decided March 15, 1884, to complete the compilation so far as 

possible Avithout postponing publication for this purpose and to , 

issue an approximately complete general bibliography, of such form 

as to serve as a basis for supplementary volumes. 

In pursuance of this plan, every effort has been made to secure 

contributions, especially by indexing periodicals, by examination of 

printed and manuscript catalogues and bibliographies, and by cor¬ 

respondence Avith meteorologists and librarians. 

The lacunae in periodical literature have been filled by indexing 

all periodicals available previous to 1800 and subsequent to 1873, 

and by the examination of all indexes, bibliographies, &c., avail¬ 

able, such as Reuss, Young, Poggendorff, Kerl, Fortschritte der 
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Physik, and many others. It was found that the general indexing 

of the Royal society for the period from 1800 to 1873, was not 

full enough for this special bibliography, and all periodicals rich in 

meteorological literature were reindexed. 

The International meteorological committee had already consid¬ 

ered the subject of meteorological bibliography, and, unable to secure 

at once the publication of a general bibliography, had recommended 

that each country compile a list of its owui observations and that 

special national bibliographies be prepared wherever possible. 

Some work had been done in accordance with this recommendation, 

especially in Germany and Russia, and an attempt was made by 

the Signal office to secure the extension of this work and to obtain 

from foreign meteorologists and librarians, bibliographies for their 

respective countries. The great interest in the work was shown by 

the hearty co-operation from all sections. 

Among the special bibliographies received the following may be 

mentioned as among the most complete and valuable : Germany, by 

Dr. Hellmann ; Japan, by Dr. Kiiipping ; Norway, by Prof. Mohn ; 

Poland, by Prof. Karlinski; Portugal, by J. C. de Brito-Capello; 

Roumania, by Dr. Hepites; Russia, by Profs. Wild and Woeikof; 

South Africa, by Dr. Gamble; Sweden, by C. G. Fineman and 0. 

Annerstedt; Victoria, by R. L. J. Ellery. 

All the meteorological libraries of the world are represented, in¬ 

cluding, as worthy of special mention, those of the Meteorological 

•office and Royal Meteorological Society, of London; the Societe 

meteorologique de France, Paris; the large manuscript collection 

of Prof. Poey, the Ronald’s, Poulkova, and Brussels catalogues, all 

contained in the catalogue of Prof. Symons ; the Deutsche Seewarte, 

Hamburg (including the library of the late Prof. Dove), and the 

k. k. Central-Anstalt, of Vienna (with that of Prof Hann\ added 

by the Signal office. The number of scientific and general libraries 

represented is very large. 

Letters, requesting lists of their works, were sent to about 400 

writers Cexclusive of those in Germany, where this method had been 

employed by Dr. Hellmann), and the replies received have been of 

the greatest value in the representation of living authors. 

The desirability of securing as great completeness as possible, the 

expectation of an early publication, and the fact that the Symons 

and Hellmann catalogues ceased with 1881, led to the adoption of 

this date as the close of the bibliography, and the following state- 
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ment of the titles on hand includes only those of works published 

before January 1,1882. A large amount of material for subsequent 

years has been collected but has not been submitted to classification. 

It may be included in supplementary volumes, or incorporated with 

the bibliography if publication be delayed. 

The chief sources of material and approximate number of titles 

added to the bibliography, after the rejection of duplicates, are as 

follows: 

Prof. Symons’ catalogue ...... 18,000 
Poyal Society catalogue, i-viii . ... . . 11,000- 
Hellmann, Kepertorium ...... 5,000 
Printed catalogues and bibliographies, includin<>: Keuss, Poffa’endorff, 

&c. (400 vols.).4,000 
Manuscript catalogues and bibliographies .... 3,000 
Periodicals indexed (6,400 vols.) ..... 12,000 

Total number before final revision ..... 53,000 

Number of independent titles after final revision, about 50,000 

The duplication of titles by double classification will increase the 

number of entries to about 55,000. 

The form adopted for the work is that of a classed subject cata¬ 

logue, with full author index. The general pilan of the subject 

catalogue is similar to that of the Poulkova catalogue and that 

adopted by Drs. Houzeau and Lancaster for their Bibliographie 

generale de 1’astronomie, the arrangement being chronological under 

each subject. The classification is based upon a scheme submitted 

by Dr. Lancaster, at the request of the Signal ofiice, some minor 

modifications having been made after careful- study and consulta¬ 

tion with other meteorologists and bibliographers. 

The general divisions of the classification are shown by the fol¬ 

lowing outlines: 

f A. History and bibliography. 
T /X 1 1 IB. General and collected works. 
I. General meteorology, j y Organmation and methods. 

( D. Instruments. 

II. Theoretical me¬ 
teorology. 

fl. Temperature. 

fA. Phy.siesoftheat-j2- MoUtoe. 

mosphere. ] phenomena. 

(5. Electrical phenomena. 

1 n, ■, . ^ fl. General circulation. 
B. Mechanics of the o i , 2. \a inds. 

i atmosphere. | 3 

(C. Cosmic relations of meteorology. 
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III. Applied meteorology. 

A. Weather prediction. 
B. Agricultural meteorology. 
C. Medical meteorology. 
D. Climatology. 

IV. Terrestrial magnetism. 

r A. 
I B. 

D. 
E. 

General. 
Observations, instruments, and 

methods. 
Variation. 
Distribution. 
Connection with meteorology. 

V. Observations (meteorological and magnetic) classed geographical]3^ 

These have been largely subdivided, the number of divisions em¬ 

ployed in the preliminary classification being 169. This number 

will be varied somewhat in revision, the final classification depend- 

ing largely on the number and character of the titles in each class. 

The following example will indicate the character of the subdi¬ 

vision : 

f 1. General. 
I 2. Description. 
1 3. Height. 

II. A. 5. f. Aurora. 4. Frequency. 
5. Periodicity. 

I 6. Connection with meteorological phenomena. 
( 7. Connection with terrestrial magnetism. 

The classification has been from originals, where possible, and all 

resources of the libraries available have been used for this purpose. 

Where access to the work or article was not possible, correspondence 

was maintained for the explanation of doubtful titles. The assign¬ 

ment of cards to their subjects has been completed, but they are not 

yet arranged under their respective heads. Consequently, no state¬ 

ment of the number of titles under each class can yet be made, but 

a rough estimate shows that of the 50,000 titles about 5,000 will be 

under observations and 3,000 under terrestrial magnetism, leaving 

about 42,000 entries for meteorological discussions. 

The author index is similar to that adopted by Drs. Houzeau and 

Lancaster, giving under the full name of the author, and for each 

title, an abbreviation of the subject under which it is classed, the 

date of publication, and the reference. The index, as completed, 

contains about 12,500 authors, or an average of four independent 

titles for each author. A biographical note may be included under 

each author. 

The bibliography will be completed early in 1888, the only work 

now remaining being arrangement by subjects, revision, sub-class- 
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ificatioD of observations, preparation of subject index and periodical 

list. The technical preparation of copy will follow when’ the appro¬ 

priation for publication is made. 

This communication was discussed by Messrs. Mann, Fletcher, 

Marcus Baker, Gilbert, and the author. 

Mr. Lester F. Ward made a communication 

ON THE GEOGRAPHICAL DISTRIBUTION OF FOSSIL PLANTS, 

illustrated by a map. 

[This paper will appear in full in the Eighth Annual Report of the IT. S. 

Geological yurve3^ for the fiscal year 1886-’87.] 

307th Meeting. November 12, 1887. 

The President in the Chair. 

Fifty-two members and guests present. 

Announcement was made by the President of the election to and 

acceptance of membership of William Henry Babcock. 

Mr. C. E. Dutton presented a communication which had been 

jointly prepared by himself and Mr. S. Newcomb on 

THE SPEED OF PROPAGATION OF THE CHARLESTON EARTHQUAKE. 

[This paper appeared in full in The American Journal of Science, 3d 

series, 8°, New Haven, 1888, January, vol. 35, pp. 1-15.] 

This paper was briefly discussed by Mr. Clark and Mr. Dutton. 

Mr. Harkness read a paper 

ON THE REPRESENTATION OF COMET ORBITS BY MODELS, 

illustrated by card-board models. 

[This paper appeared in The Sidereal Messenger; conducted by Wra. W. 

Pajme. 8°. Northfield, Minn., Carleton Collegeobservatoiy, 1887, Decem¬ 

ber, vol. 6, No. 10, pp. 329-349.] 
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.308th Meeting. November 26, 1887. 

The President in the Chair. 

Fifty members and guests present. 

A circular letter from the New York Academy of Sciences, re¬ 
questing co-operation in erecting a monument to the memory of the 
ornithologist Audubon, was laid before the Society by the Secretary. 

Mr. G. K. Gilbert presented a communication entitled 

STATISTICS OF THE PHILOSOPHICAL SOCIETY FROM ITS 

FOUNDATION. 

[Abstract.] 

The following data, except when otherwise noted, are compiled 
from the published records of the Society.* 

The Society, was organized March 13, 1871, with a membership 
of 44, and this was increased during the same year by the election 
of 17. In each succeeding year new members were elected, the 
smallest number being 8, in 1876, and the largest 35, in 1884. 

From time to time members have been dropped from the list for 
non-payment of dues, others have died, and others resigned. The 
average annual number of new members has been 18. The total 
number of resignations has been 24. The membership has always 
been classified as resident and non-resident, or “active” and 
“ absent.” From time to time a list of the members has been pub¬ 
lished in the Bulletin, and since 1879 these lists have been annual. 
The following table shows the number of active members at each of 
the indicated dates. It also shows the gross annual accession to 
membership, and likewise the average attendance at ordinary meet¬ 
ings for each year, beginning with 1875, previous to which time the 
attendance is not noted in the published minutes. The year 1882 

had the minimum attendance, 34, and 1887 the maximum, 49. The 
general average of attendance at meetings for the reading of papers 
is 40; at meetings for the election of officers, 36. 

*The paper, as read, did not include the statistics for 1887, which were 

necessarily imperfect at that time. The abstract for printing was brought 

down to December 21, 1887, the date of the annual meeting. Certain indi¬ 

cated data on membership were brought only to December 1, 1887. 
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Table I. 

Membership and Attendance of the Philosophical Society, by Years. 
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1871.— 17 44, Mar. 13 .. 
* 

1872 ... 14 
1873. 23 
1874..._. 33 114, June. 
1875._- 22 124, Dec. — 35 .29 
1876-_- 8 37 
1877 — 10 40 
1878 — 9 40 
1879 22 135, Apr. 2 __ 40 .29 Anth. Soc., Feb. 17. 
1880 19 154, July 20__ 41 .27 Biol. Soc., Dec. 3. 
1881 .... 13 152, July 18 — 38' .25 
1882 16 149, May_ 34 .23 
1883. 17 149, Dec. 31. 38 .26 Math. Sec., Mar. 29. 
1884. 35 173, Dec. 20__ 42 .26 Chem. Soc., Jan. 31. 
1885-_- 22 179, Jan. 16__ 47 .27 
1886.— 18 183, Dec. 18_- 47 .26 
1887.— 15 191, Dec. l._. 49 .26 

Mean_ 18 40 .265 

In a general way there has been a continuous growth of the So¬ 

ciety as regards membership, and the rate of growth, whether con¬ 

sidered as a geometric ratio or as an arithmetic increment, has 

progressively diminished. The average attendance has likewise 

increased, but its law is not evident. The ratio of attendance to 

membership has ranged in ten recorded years from .23 to .29, the 

mean being .265. 

The total active membership passed through a secondary maximum 

in 1880 and a minimum in 1882-’83. The current attendance 

exhibits a subsidiary maximum from 1877-’80 and a minimum in 

1882. The curve of accessions shows maxima in 1874, 1879, and 

1884. While there are many series of contemporaneous events 

with which these might be compared, one only will be considered, 

namely, the formation of other scientific societies in Washington 

and the formation of the Mathematical Section within our Society. 
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The Anthropological Society was organized February 17, 1879, and 

has now a membership of 154. The Biological Society was organ¬ 

ized December 3,1880, and has a membership of 174. The Mathe¬ 

matical Section of the Philosophical Society held its first meeting 

March 29,1883. The Chemical Society was organized January 31, 

1884, and now numbers 44 members. During the two years fol- 

lovv^ing the institution of the Anthropological Society our Society 

witnessed maxima in the accession to membership, in the total 

membership, in the attendance, and in the ratio of attendance to 

membership. During the two years following the foundation of 

the Biological Society each of these quantities reached or passed a 

minimum. The year of the organization of the Mathematical Sec¬ 

tion was characterized by an increase of attendance, but not of 

membership. In the four years elapsed since the beginning of the 

Chemical Society our membership and attendance have steadily 

increased, their ratio remaining constant. If the relation of our 

record to the Biological Society only were considered, it would be 

easy to infer that our Society suffered from the formation of another 

scientific society, but a contrary inference would be drawn from a 

comparison of our record with the histories of the Anthropological 

and Chemical Societies, and in view'of all the facts it appears proper 

to conclude that our membership and attendance have not been 

materially influenced by the organization of the other societies. 

The data of attendance have been classified by months likewise 

and finally by half-months, with the result which appears in Table 

II. The data cover a period of 12 years, but are somewhat imper¬ 

fect. To diminish the error from imperfection of record, a general 

correction for annual phase was applied to all the observations— 

that is to say, they were all reduced to consistency with a mean 

attendance of 40. Only ordinary meetings for the reading of papers 

were included, and the year 1887 was omitted because the attend¬ 

ance appeared to be greatly affected by the change of quarters 

(March 26) from the Army Medical Museum to the Assembly Hall 

of the Cosmos Club. 
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Table II. 

Average Attendance at Ordinary Meetings for Each Half-Month, 

Compiled from Records for 11 Years, 1875-1886. 

October, first half-.-.— 39.8 
“ second half- 40.5 

Xovember, first half__ 45.0 
‘‘ second half__ 43.9 

December, first half_ 43.2 
“ second half__40.8 

January, first half_ 31.5 
“ second half__ 45.9 

February, first half_ 41.3 
“ second half__41.0 

March, first half_40.0 
second half__  40.3 

April, first half__ 48.0 
“ second half_ 40.3 

May, first half_ 37.5 
“ second half__  37.3 

June, first half.. 33.7 
“ second half_ 28.6 

In compiling the statistics of papers or communications before 

the Society, everything has been included which was prepared or 

announced beforehand, whether offered independently or as part of 

a symposium, but the remarks of one member upon the communica¬ 

tion of another have not been included. The impossibility of other¬ 

wise making a consistent distinction has led to the inclusion of every 

exhibition of apparaius and every reading of a letter upon a scien¬ 

tific subject. The biographical memoirs of deceased members which 

have from time to time been read are included, but not the com¬ 

memorative resolutions. 

The Society has listened in 17 years to 713 papers, as thus de¬ 

fined, an average of 42 per year. Six hundred and ninety- 

tv/o of these have been presented before ordinary meetings, an 

average of 41 per year. There have been in the same period 

277 ordinary meetings, and the average number of papers per 

meeting has been 2 5. The number of ordinary meetings and 

the total number of meetings per year were both somewhat greater 

in the earlier history of the Society than in the later, a tendency 

having developed to omit one or two meetings in June. There 

were also more pampers read in the earlier years than in the 

later, and the diminution in papers has been slightly greater than the 

diminution in the number of meetings, so that the average number 

of papers per meeting has fallen off from 2.8 to 2.4. 

For the purpose of exhibiting the subjects which have received 

the attention of the Society, the entire series of papers has been 

grouped in ten classes, the discrimination being based on the titles 

and abstracts, and, to some extent, in the absence of abstract, on the 

memory of the compiler. Papers belonging properly to two or 
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more of the selected classes have been entered in each, and such 

duplicate entries have been treated as integers and not as fractions. 

To an extent dependent on this treatment the deduced ratios are 

inaccurate. 

It should be observed that the selection of classes has depended 

largely on the nature of the material to classify. As the statistics 

grew out of the work of indexing the Bulletin, the selection was 

affected by the needs of the indexer, and as it w^as desired to learn 

the influence of the organization of other societies on the scope of our 

proceedings, the selection was aftected by the classification of sub¬ 

jects among the other societies. The following is the classification : 

Group 1, Mathematics ; Group 2, Astronomy, including calendars; 

Group 3, Physics, including molecular physics, electricity, acous¬ 

tics, optics, and microscopy, which last subject happens in the litera¬ 

ture of the Society to be almost entirely optical; Group 4, Chemis¬ 

try and mineralogy; Group 5, Meteorology and thermometry; Group 

6, Geology; Group 7, Geography, including physical geography, 

surveying, and travel and exploration; Gruup 8, Biology, includ¬ 

ing zoology, botany, and human anatomy and physiology; Group 

9, Anthropology, including ethnology, archaeology, psychology, an¬ 

thropometry, political economy, and social science and statistics; 

Group 10, Miscellaneous, chiefly technology, but including also 

biography and general philosophy. It will be seen that chemistry, 

biology, and anthropology are defined so as to include the scopes of 

the Chemical, Biological, and Anthropological Societies. 

For convenience of discussion, the period of 17 years covered by 

the statistics has been divided into five unequal parts, such that three 

of the lines of separation correspond with the epochs of commence¬ 

ment of the three sister societies. The time divisions begin oi^the 

years 1871,1875,1879,1881, and 1884, and contain, respectively, 4, 

4, 2, 3, and 4 years. At the end of the second the Anthropological 

Society was established, at the end of the third the Biological, at the 

end of the fourth the Chemical. The Mathematical Section was 

organized one year before the Chemical Society. For each time 

division the number of papers of each class was ascertained, and 

from these numbers were computed the percentages which appear in 

Table III. 

3 
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Table III. 

Percentages of Papers on Different Subjects for Different Periods. 

Subjects. 
1871- 
1874. 

1875- 
1878. 

Periods. 

1879- 
1880. 

1881- 
1883. 

1884- 
1887. 

1871 
to 

1887. 

1. Mathematics. _ . ... 6 5 2 

I 

9 2 5 
2. Astronomy __ 23 18 18 7 1 6 16 
3. Physics _ _ 10 14 12 12 9 11 
4. Chemistry__ 4 2 6 1 1 4 3 
5. Meteorology . .. . 9 5 4 13 I 11 ! 8 
6. Geology . --- 6 8 9 14 27 13 
7. Geography — - . 15 13 7 7 10 1 11 
8. Biology - -- - - 9 9 10 9 6 : 8 
9. Anthropology_ _ 6 15 19 11 1 13 ! 12 

10. Miscellaneous. _ . _ 12 11 13 1 17 1 i 12 
! 

100 100 100 1 100 ' j 100 1 100 

It appears from this table that in the two periods previous to the 

organization of the Anthropological Society the subject of anthro¬ 

pology furnished first 6 and then 15 per cent, of our material, and 

in the following periods it furnished 19,11, and 13 per cents. Biol¬ 

ogy furnished in the first three periods 9, 9, and 10 per cents., and 

after the beginning of the Biological Society 9 per cent, and 6 per 

cent. The percentages of chemistry for the first four periods are 4, 2, 

6, and 1, and for the single period of four years since the organization 

of the Chemical Society, 4. These figures show that the organiza¬ 

tion of scientific societies devoting themselves to the cultivation of 

special scientific fields has not materially affected the interest of our 

Society in the same sciences, so far as that interest may be judged 

by the number of communications presented. 

The table is not arranged to exhibit the effect upon our general 

meeting of the institution of the Mathematical Section, but an inde¬ 

pendent computation has been made with the following result: In 

12 years previous to the Mathematical Section the Society listened 

to 28 mathematical papers, an average of 2.3 per year. In the five 

years following the general meeting listened.to six mathematical 

papers, an average of 1.2 per year. While the amount of mathe- 
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matics before the Society in general meeting has been greatly dimin¬ 

ished, the subject has not been entirely eliminated. 

The general fact appears to be that the Philosophical Society, 
being composed partly of men with a wide interest in scientific 
matters and partly of specialists in many scientific branches, affords 
a fitting arena for the discussion of subjects of general scientific 
interest, but is not equally adapted to the presentation of highly 
specialized researches. By a process of natural and unconscious 
selection it has discountenanced those papers which from their 
nature can interest only the devotees of a single science, and it, 
therefore, has not fully met the needs of the scientific community of 
Washington. The natural and proper result has been the institu¬ 
tion, without and Avithin the Society, of organizations undertaking 
the cultivation of narrower fields, and these have found material of 
their own without detraction of material Avhich natually came to us. 
In anthropology, in biology, in chemistry, and in mathematics Ave 
still receive the communications Avhich have a broad interest, and, 
as such papers are largely Avritten from a philosophic point of vieAAq 
it may Avell be that Ave are gainers by the multiplication of organi¬ 
zations. 

But while the modifications which have occurred in the ratios 

in which various subjects have been represented on the floor of the 

Society do not indicate an important yielding of our program to 

outside influence, they do indicate progressive tendencies in other 

directions. Astronomy, Avhich during the first period Avas the lead¬ 

ing theme, Avith a percentage of 23, has fallen, through 18, 18, and 

7, to 6 per cent.; geography, Avith 15 per cent, and 13 per cent, for 

the first tAVo periods, has 7, 7, and 10 for the last three. Geology, on 

the other hand, Avith 6 per cent, at first, has increased steadily, 

through 8, 9, and 14, to 27 per cent., and anthropology and meteor¬ 

ology, Avhile exhibiting fluctuations, have on the Avhole increased 

their percentages. During the first period astronomy and geography 

together gave 5 times as many papers as geology; during the last 

period their combined volume is only tAA^o-thirds that of geology. 

The general explanation is not far to seek. Geology has gained in 

importance on the floor of the Society because of the rapid groAvth 

of the Geological Survey,^which has brought to the city and to the 

Society a large number of geologists. The increased attention ol 

the Society to meteorology is traceable to the establishment of the 

Study Boom of the Weather Bureau, and the increase in an thro- 
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pology is correlated with the growth of the Bureau of Ethnology. 

The great modification in the relative attention given to different 

subjects is due to the large amount of new blood acquired by the 

Society. 

The statistics of the Mathematical Section are exhibited in the 

following table: 

Table IV. 

Statisties of the Mathematical Section from its Establishment to 1887. 

Year_ - 1883. 1884. 1885. 1886. 1887. 

Number of meetings—_ _ 9 6 6 2 12 
Number of communications __ . . 18 11 14 3 20 
Average attendance — _ __ 15 15 15 16 17 
Number of members .. _ .. 35 38 41 40 44 

The whole number of papers presented to the Society, including 

those addressed to ordinary and special meetings aud to the Mathe¬ 

matical Section, has been 786, and they have been communicated 

by 184 persons. Fifty-seven guests and correspondents of the So¬ 

ciety have furnished 67 papers, and 127 members have furnished 

719. The total number of persons who have at various times been 

elected to the Society is 312, and two-fifths of these have contributed 

something more than remarks to the proceedings. 

The following numerical data concerning the membership and 

common membership of the Philosophical and three other scientific 

societies were derived from what is known as the “ Consolidated List 

of the Philosophical Society,’’ a list containing the names of the 

active members of the four societies and the resident members of 

the Cosmos Club. The list had been corrected to December 1,1887. 

In Table V the Anthropological, Biological, Chemical, and Philo¬ 

sophical Societies are indicated by the initial letters of their names. 
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Table V. 

Common Membership of Four Societies. 

Members of Members of Members of Members of all four___ 3 
one only. two only. three only. “ three only_ 34 

A._ 79 A.,B.-_ 12 A.,B.,C. 0 

“ three or more  37 
“ two only _ 78 

B_ 101 
C. _ 22 

A.,C.- 1 
A.,P.__ 28 

A.,B.,P. 28 
A.,C.,P. 3 “ two or more__ 115 

P. 91 B.. C.-_ 2 B.,C.,P. 3 “ one only.__ 293 

293 

B. , P.__ 25 
C. , P;_- 10 

78 34 Total number of persons._ 408 

Total memberships. Overlap, by pairs. 

A_  154 
B_ 174 
O_ 44 
P__   191 

Sum_ 563 
Net total_ 408 

Difference (due to overlap). 155 

A , B._ 43 
A., C_ _ 7 
A. , P- 62 
B , C_ 8 
B. , P._ 59 
C. , P._ 19 

Fifty-two per cent, of the members of the Philosophical Society' 

are likewise in one or more of the other societies. The correspond¬ 

ing percentages for the other societies are : Chemical, 50; Anthro¬ 

pological, 49; Biological, 42. 

The Cosmos Club has a resident membership of 227, of whom 

128, or 56 per cent., belong to one or more of the four societies. 
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Mr. M. H. Doolittle read a paper 

ON newton’s vis, 

and was followed by 

Mr. B: Pickman Mann, who read a paper 

ON REFERENCE INDEXING. 

[Abstract.] 

The author described in part the systems of indexing the litera¬ 

ture of science which he had practised for many years, with illus¬ 

trative examples and an argument to show their general applica¬ 

bility and value. 

He commented upon the extent and variety of the literature 

of science as a whole, and the impossibility of obtaining a knowl¬ 

edge of the literature relating to special departments of research 

without the aid of indices prepared for the purpose. He then 

dwelt upon the multitude of separate, partial indices now in ex¬ 

istence, upon the difficulties experienced in making use of these 

indices, and the waste of labor expended in disconnected attempts 

to obviate these difficulties. He adverted to the advantages which 

would accrue to all students through co-operative effort to obviate 

the difficulties described, and remarked upon the necessity, in case 

such co-operation were to take place, of determining upon a system 

of carrying it out. He considered the advantages which would be 

gained for temporary purposes by the combination of existing in¬ 

dices into one index to be the property of the co-operators and 

accessible either directly or mediately to all persons interested. He 

then passed to a consideration of systems by which indices have 

been constructed hitherto, and those whiclj should obtain in the 

formation of such an index as was contemplated here. 

309th Meeting. December 10, 1887. 

By courtesy of the trustees of the Columbian University the 

meeting was held in the law lecture-room of the University building. 

Invitations to “yourself and friends” to attend the meeting had 

been mailed to all members of the Anthropological, Biological, and 



GENERAL MEETINGS. 39 

Chemical Societies, and of the Cosmos Club. About one hundred 

persons were present. 

Vice-President Mallery presided. 

President Harkness then presented his annual address, the sub¬ 

ject being 

THE PROGRESS OF SCIENCE AS EXEMPLIFIED IN THE ART OF 

WEIGHING AND MEASURING. 

[Printed in full on page xxxvii of this volume.] 

A vote of thanks for the address was passed by the audience. 

310th Mp:eting. December 21, 1887. 

THE SEVENTEENTH ANNUAL MEETING. 

The President in the Chair. 

Thirty-eight members j^resent. 

The minutes of the 294th, 308th, and 309th meetings were read 

and approved. 

The President announced the election to and acceptance of mem¬ 

bership of Mr. Joseph William Spencer. 

The annual report of the Secretaries was read and accepted. 

[Printed in full on pp. xxxii, xxxiii of this volume.] 

The annual report of the Treasurer was read and referred to an 

auditing committee consisting of Messrs. J. S. Billings, J. C. Well¬ 

ing, and C. O. Boutelle. 

[Treasurer’s report printed in full on pp. xxxiv, xxxv of this volume.] 

The Treasurer read the list of members entitled, under Standing 

Rule 14, to vote at the annual meeting. 

The constitutional amendment proposed by Mr. Dale at the 

last annual meeting tvas adopted by a vote of 26 for to 3 against it. 

Election of officers was then held. 

[The result is printed on page xv of this volume.] • 

The rough minutes of the meeting were then read and the Society 

adjourned. 









PROCEEDIN GS 

AT A MEETING COMMEMORATIVE OF 

THE LIFE AND SCIENTIFIC WORK 

SPENCER FULLERTON BAIRD, 

HELD JANUARY 11, 1888, 

UNDER THE JOINT AUSPICES OF THE 

ANTHROPOLOGICAL, BIOLOGICAL, AND PHILOSOPHICAL SOCIETIES 

OF WASHINGTON. 





INTRODUCTION. 

On August 19, 1887, Spencer Fullerton Baird, Secretary of 

the Smithsonian Institution, Director of the U. S. National Museum, 

and U. S. Commissioner of Fish and Fisheries, died at Wood’s Holl, 

Massachusetts, his post of duty in the last named office. His death 

at once excited throughout the world feelings and expressions of 

profound regret. At that time nearly all of his Washington asso¬ 

ciates in scientific pursuits were absent from the city, on field duty 

or in vacation, and were thus unable to jointly testify to the affec¬ 

tion and respect in which he was held by them. 

And especially the scientific societies of Washington, none of 

which meet during the summer months, were unable to immediately 

take any action in the matter or to give organized expression to the 

sentiments of their members. 

With the resumption of meetings, however, it was determined 

that such expression should be given with all ceremonial complete¬ 

ness, and as the senior of the Washington scientific societies, and 

the one with which Professor Baird had been most closely con¬ 

nected, the Philosophical Society took the initial steps in arranging 

a joint meeting with the Anthropological and Biological Societies, 

a meeting which might enable the members and their friends to 

testify not only their profound respect for this foremost scientific 

leader, but also their afiectionate regard for the man. 

The appended invitation and programme, which was mailed to 

all members of the Philosophical, Anthropological, Biological, and 

Chemical Societies, and of the Cosmos Club, sets forth the form 

taken in those arrangements : 

(43) 
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Washington, Jamiary 4, 1888. 
Sir: 

. • . . . 
The Philosophical Society in conjunction with the other scientific 

societies of the city will hold a meeting on Wednesday evening, 

January the eleventh, in commemoration of the life and services 

to science of the late Spencer Fullerton Baird, Secretary of 

the Smithsonian Institution, Director of the National Museum, and 

United States Commissioner of Fish and Fisheries. 

Members of the societies, and ladies and gentlemen whom they 

may desire to invite, will assemble in the lecture-room of the Colum¬ 

bian University, on the southeast corner of H and Fifteenth streets, 

at a quarter past eight o’clock. 

Your presence on this occasion is earnestly desired. 

C. E. Dutton, 

Robert Fletcher, 

J. H. Kidder, 

Committee of Manage^nent. 

Opening of the meeting, by the President of the Philosophical 

Society. 

Professor Baird as Administrator, Mr. W. B. Taylor, of the 

Smithsonian Institution. 

Professor Baird in Science, Mr. W. H. Dale, President of the Bio¬ 

logical Society. 

The Personal Characteristics of Professor Baird, Mr. J. W. 

Powell, President of the Anthropological Society. 

Mr. Garrick Mallery, President of the Philosophical Society, 

called the meeting to order at the time and place above named. 



RELATIONS BETWEEN PROFESSOR BAIRD AND 

PARTICIPATING SOCIETIES. 

By Mr. Garrick Mallery, President of the Philosophical Society. 

DIES AND Gentlemen : 

During several winters before 1871, a club, with commingled 

social and scientific purposes, used to meet in this city at the houses 

of its members. A single paper on some scientific subject was read, 

usually by the host of the evening, following which was a discussion. 

Supper was always provided. The title of the club only related 

to the night of meeting, Saturday, and the organization was so 

loose that several of the survivors among the regular participants 

at the meetings do not now remember whether they were actual 

members, or indeed that there was a definite membership. As the 

city of Washington emerged from the condition of a Southern vil¬ 

lage, and the benign policy of the Government increased the num¬ 

ber and force of the scientific institutions at the Capital, the need of 

an organization which should bring scientific men together on an 

equal footing and give more time to papers and their discussion 

became manifest. To meet this want the attendants of the Saturday- 

Night Club, on March 13th, 1871, formed the Philosophical Society 

of Washington, its object, in the words of the call, being “the free 

exchange of views on scientific subjects and the promotion of scien¬ 

tific inquiry among its members.” 

The term “Philosophical,” as the first president of the Society, 

Joseph Henry, stated in his first address, was chosen after consider¬ 

able deliberation, “not to denote, as it generally does in the present 

day, the unbounded field of speculative thought, which embraces 

the possible as well as the actual of existence, but to be used in its 

j-estricted sense to indicate those branches of knowledge that relate 

to the positive facts and laws of the physical and moral universe.” 

Of the forty-three gentlemen who signed the call twenty-one are 

now dead. Professor Baird was prominent among the founders, 

and served continuously as a member of the General Committee from 

the organization to November 10th, 1877, and from that date until 

(45) 
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his death, ou August 19th last, he was a member of the Committee on 

Publications. 

The first communication of a scientific paper to the Society was 

made by him on March 18th, 1871. The most important and extended 

original papers communicated by him were “On the decrease of 

fish on the southern coast of New England,” presented March 23d, 

1872, and “On the artificial propagation of the cod, describing the 

measures and process adopted at Gloucester, Mass., and the success 

thus far obtained,” presented March 1st, 1879. 

The last-mentioned occasion is memorable to me, and some account 

of it will be interesting to the younger members of the Society, few 

of whom ever heard Professor Baird’s voice raised in its hall. I 

happened to join him on his way to the meeting, and during the walk 

he spoke of the struggle at that moment between the sense of duty 

requiring him to take his part in the proceedings of the Society and 

his. repugnance to making any formal address. This modesty— 

indeed, timidity—in an eminent writer and thinker, whose lightest 

words were sure of eager attention in a society composed mainly of 

his personal friends and wholly of his admirers, was the more remark¬ 

able because his address, presented a few minutes later, was most 

pleasing in its delivery as well as instructive in its substance. He 

spoke without notes, and, though his style was conversational and 

in no degree oratorical, his appropriate words in their rapid flow ex¬ 

pressed his thoughts clearly, completely, and in orderly sequence. 

During the same walk. Professor Baird mentioned with earnest 

commendation the usage of the Society by which the perfect equality 

of members is recognized through the omission of all official and 

professional titles. This was not a merely unwritten custom but was 

founded on a binding resolution, appearing in the minutes of June 

6th, 1874. The Society is probably the only non-esoteric body in the 

United States in which the titles of Judge and General, Professor and 

Doctor, Governor, Senator, and even Honorable Member are for¬ 

bidden ; the simple and dignified Mr., the modern form of Magister, 

being the only address allowed. Perha^ps the plethora of titles and 

the burdensome hierarchical gradations in Washington compelled 

this measure of relief. 

The Anthropological Society was founded February 17th, 1879, its 

defined object being “ to encourage the study of the natural history 

of man, especially with reference to America.” Professor Baird 

warmly approved of the organization of this Society, took constant 
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interest in it, and, at the time of his death, was the only honorary 

member residing in the United States on its rolls. 

The Biological Society was organized December 3d, 1880, “to en¬ 

courage the study of the biological sciences,” and Professor Baird wag 

the only honorary member ever elected by it. He did not take an 

active part in the proceedings of either of the last-mentioned socie¬ 

ties but gave them material assistance. Both of them met at first 

in the Regents’ Room of the Smithsonian Institution, placed by him 

at their disposal, and he provided for the stereotyping and circula¬ 

tion of their volumes of Transactions, a benefaction which the 

Philosophical Society had earlier enjoyed. 

President Henry, in his address before mentioned, stated that in 

no other city in the United States was there, in proportion to the 

number of its inhabitants, so many men actively engaged in pur¬ 

suits connected with science as in Washington. In the seven fol¬ 

lowing years the number of persons in the city engaged in scien¬ 

tific work was nearly doubled, and most of them joined the Philo¬ 

sophical Society, so that in the year 1878 it had become recognized 

as the most efficient scientific body on this continent with a mem¬ 

bership confined to a single locality. The criteria of this superiority 

were not only the large membership and regular attendance of 

members, but the number, quality, and variety of the papers pre¬ 

sented and discussed. This abundance and, as was proved by the 

later successful establishment of difierentiated societies as an over¬ 

flow, this superabundance of scientific papers occupied every mo¬ 

ment of the meetings, so that the members, as such, had no oppor¬ 

tunity to become acquainted with one another or to interchange 

views, except in the formal discussions following the papers an¬ 

nounced in the printed programs. There was no provision for 

social introduction or intercourse. This appreciated want, the 

converse of the inadequacy of the Saturday-Night Club, resulted 

in the foundation of the Cosmos Club, on December 13th, 1878, 

in the organization of which all the members of the Philosophical 

Society were invited to join. It is needless to descant upon the 

unique character of the Cosmos Club in its membership and objects, 

its vital connection with science, literature, and art, and its imme¬ 

diate but enduring success. The remark, however, is pertinent that, 

in the winter of 1878, an unprecedented agitation, excited by im¬ 

pending national legislation, perturbed the scientific circles of the 

Capital, during which the proposition to form the Club was attacked 
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with virulence as a scheme in the selfish interest of a few individ¬ 

uals, and one fraught with machiaveliau political designs ; but when 

Professor Baird manifested his approval of the plan by accepting 

the first presidency of the Club after its formal organization, con¬ 

fidence in him was so dominant that suspicion was allayed and 

opposition disappeared. To him profound thanks are due for the 

timely establishment of the most important institution in the con¬ 

joint social and scientific life of Washington. 

But by his work in the organization of these several societies and 

of the Cosmos Club, Professor Baird was, as in his other fields of 

labor, a benefactor and not a participant in the benefits secured to 

others. He was imbued with the cardinal principle of the Smith¬ 

sonian Institution not only to establish and assist all useful agencies 

for the promotion of the well-being of man, but afterwards, when 

they had attained to successful operation, to leave them to them¬ 

selves and explore new fields of beneficence. It was also his own 

character, apart from any formulated maxim of the Institution, 

that he could not rest in the personal enjoyment of accomplished 

results. He was one of the ceaseless workers, born 

“ To scorn delights, and live laborious days,” 

until 
“ Comes the blind Fury with th’ abhorred shears 

And slits the thin-spun life. But not the praise! ” 

It is for us now, repressing sorrow, to join in tributes of praise to 

our benefactor. 



PROFESSOR BAIRD AS ADMINISTRATOR. 

By Mr. Wm. B. Taylor, of the Smithsonian Institution. 

We are met this eveniag to express in a memorial service our 

respect for an honored fellow-member of our several societies, lately 

deceased, and to indulge as well in an interchange of affectionate 

reminiscence of a departed friend. 

Spencer Fullerton Baird was born at Reading, Pa., February 3^ 

1823. He was graduated at Dickinson College, in Carlisle, Pa., in 

1840, at the age of seventeen, and with an original fondness for 

natural history and the study of the out-door world he spent several 

years in his favorite pursuits and in collecting animal specimens 

for preservation. In 1845, at the youthful age of twenty-two, he 

was elected Professor of Natural History in his alma mater—Dick¬ 

inson College. 

Three years later, in 1848, while still pursuing with ardor the 

study of nature, he applied for and obtained from the Smithsonian 

Institution (then recently established) its first modest grant for the 

promotion of original research. This was to be applied to the ex¬ 

ploration of bone caves, and to the development of the local natural 

history of southeastern Pennsylvania. The transaction appears to 

have been the occasion of first bringing the young professor to the 

favorable notice of the Smithsonian Director, Professor Henry, and 

of initiating between the two a mutual respect and friendship that 

continued throughout their several lives. 

The early history of the Smithsonian Institution was signalized 

by a long struggle—both in the Board of its Regents and in the 

Halls of Congress—between the votaries of literature and those of 

science for the disposal of the Smithson fund. During this period, 

in 1850, when it was seen that the income of this institution was 

not to be absorbed in the building up of a great National Library, 

Professor Henry asked of the Regents authority to appoint an As¬ 

sistant Secretary in the department of natural history to take 

charge of the Museum and to aid in the publications and other in¬ 

terests of the establishment. A resolution authorizing such an 

appointment being adopted, Henry selected Professor Baird, of 

4 ^ (49) 
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Dickinson College, as the one well fitted for the place. The ap¬ 

pointment was unanimously confirmed by the Board July 5, 1850, 

and Professor Baird being notified at once accepted and entered 

upon his new duties. He deposited in the Museum his own valu¬ 

able collections, comprising an extensive series of the skins of 

various mammals (European as well as American), a large number 

of bird skins (unmounted), representing about 500 American species 

and half as many European species, a rich variety of birds’ nests 

and birds’ eggs, more than 500 glass jars, tin vessels, and kegs con¬ 

taining alcoholic specimens of reptiles and fishes, and a number of 

vertebrate skeletons and of fossil remains. 

The new Assistant Secretary was truly in his element, and showed 

himself pre-eminently “the right man in the right place.” In 

Henry’s Fourth Annual Report (that for 1850), after recording the 

appointment of his Assistant, he adds : “ He entered on his duties 

in July last and, besides being actively engaged in organizing the 

department of natural history, he has rendered important service 

in conducting our foreign exchanges and attending to the business 

of the press.” 

The Smithsonian system of exchanges was instituted for the pur¬ 

pose of facilitating the reciprocal transmission between the Old World 

and the New of the memoirs of learned societies, and this system has 

become an essential agency in the interchange and diffusion of 

knowledge, and in the more rapid advancement of scientific dis¬ 

covery, by a wider and prompter co-operation. Previous to this 

inauguration such distant scientific information was so rarely and 

inconveniently accessible, largely through the delays and harass- 

ments of customs exactions, that important principles had not un- 

frequently been re-discovered abroad or at home, and sometimes with 

a considerable interval of time, to subsequently disturb and dispute 

a coveted and settled priority. 

By the urgent zeal of the Smithsonian Director, representing to 

foreign powers that only gratuitous distribution of the literary and 

scientific memoirs of societies or of individuals (not usually found 

on sale) was undertaken by the Institution, and that no commercial 

enterprise calculated in any way to interfere with the legitimate 

operations of trade was attempted—one port after another was 

opened to its packages, until, in the course of a few years, the an¬ 

nouncement was made that the Smithsonian exchanges were allowed 
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to pass through every custom-house on earth, unopened and un¬ 

questioned. 

Creditable as this special liberality is, it has not yet, unfortunately, 

been applied to the customary channels of book lore, and the quest 

for knowledge is still held by a majority of civilized nations as an 

indulgence very proper to be taxed. Our own legislators have also 

made our higher education a source of revenue; possibly with a 

view to the “incidental protection” of American science by the 

heavy tariff laid on the foreign and imported article. 

The advantage to the cause of science from this Smithsonian sys¬ 

tem of international exchange of intellectual j^roducts, free of duty, 

and with the freight expenses assumed by the Institution, can scarcely 

be too highly appreciated. In the early promotion of this benefi¬ 

cent scheme. Professor Baird became an energetic agent and sympa¬ 

thetic co-adjutor of the Smithsonian Secretary. The remarkable 

•development of this service may be sufficiently indicated by a glance 

at the amount of material transmitted through this Institution, on 

each tenth year for thirty years, showing something like a geometrical 

ratio of increase. The total weight of books, pamphlets, and charts 

distributed in 1855 was about six tons; in 1865, about nine tons; in 

1875, about twenty tons; and in 1885, about eighty-five tons. With 

the rapid growth of the exchange operations, the active and compre¬ 

hensive faculties of Professor Baird seemed but to find a better field 

•of exercise. 

At the same time, the accumulating collections of the museum— 

increased in 1858 by the transfer from the Patent Office to the Smith¬ 

sonian building of the interesting contributions from the earlier 

national exploring expeditions—demanded a large share of attention 

for their proper arrangement, exposition, and superintendence.* To 

say that this important work of organization was zealously and 

judiciously carried out, is to characterize but imperfectly the di¬ 

rective skill and energy of the museum curator. 

Of Professor Baird’s work in original biologic research,—of his 

contributions to various scientific journals and society proceedings,— 

•of his English translation of the popular “ Iconographic Encyclo- 

*This accession of the Government deposit of ethnological and natural 

history specimens was estimated hy'Professor Baird, in his report for 1858, 

as comprising not more than a fourth of the material already in the Smith¬ 

sonian Museum or a fifth of the aggregate amount. 
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piedia,” of his editorship of the “Annual Record of Science and In¬ 
dustry” for eight years,—and of his other publications,—it is not 
proposed here to speak. This aspect of his intellectual life will be 
discussed by one in every respect far more competent to a just and 
discriminating presentation of the theme. The present remarks will 
be confined to a cursory review of Professor Baird’s varied admin¬ 
istrative work. 

For a number of years a notable decline in the productiveness of 
our extended fisheries had been with anxiety observed, the annual 
yield of this important element of our food supply having in many 
cases fallen off one-half of its amount a quarter of a century earlier. 
So serious a diminution and consequent enhancement of cost of sub¬ 
sistence was becoming a menacing problem. Were our leading 
food-fishes undergoing a process of slow but certain extinction? 
Several of the States (especially those of New England) appointed 
commissions of inquiry into the causes and remedies of the threaten¬ 
ing evil, but with little result. 

In the stern competitive struggle that from the dawn of terres¬ 
trial palseontogeny has been ordained by nature as the feudal tenure 
of all existence, and from which service man himself is not ex¬ 
empted, the feebleness of early youth in the individuals of every 
race would speedily terminate the biology of our planet were 
not provisions made for bridging over these cross lines of weakness 
to preserve the continuity of species. In the lower classes of being 
we find the crude expedient of a fertility so enormous as to allow 
of the wholesale destruction of the unprotected eggs or of their 
brood, and yet leave a remnant to spare for the chances of reaching 
adult age. In numerous other classes, a marvellous sagacity is dis¬ 
played by the mother in depositing her eggs where they will be least 
exposed to accident or voracious attack, and where the progeny (that 
she shall never see) will meet with their appropriate sustenance. 
In insects this peculiar instinct—so difficult of explanation as “ in¬ 
herited experience”—is perhaps most strikingly displayed. And 
lastly, when we ascend to the higher classes of birds and mammals,, 
we find the parental sentiment developed to an untiring vigilance 
for the protection ,and provident care for the nutrition, of the new , 

' generation until it is able to take up for itself the battle of life. 
As an illustration of the reckless prodigality of productiveness irt 

some of the lower families of the vertebrate branch it may be recalled 
that a single salmon will lay five thousand eggs; a trout, fifteen thou- 
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sand eggs; a perch, a herring, or a shad, thirty thousand eggs; a 

pike, one hundred thousand eggs; a carp, four hundred thousand 

eggs; a mackerel, five hundred thousand eggs; a flounder, one 

million eggs; a haddock, one million and a half of eggs; a halibut, 

two and a half millions of eggs; a pollock, four million eggs; a cod¬ 

fish of medium size, five million eggs; a large-sized cod, nine million 

eggs, and a turbot, nine million eggs. Such numbers are simply 

astounding; they cannot be realized. And how great the marvel 

w'hen we consider that each of these nine million units is a potential 

fish, capable of development into all the perfected attributes and 

functions of the parent form! Among the lower invertebrates may 

be simply instanced the oyster—capable of producing the incredible 

number of twenty or thirty million eggs, and if of large size as many 

as forty or fifty million eggs. 

If with this amazing fertility the various kinds of fish just named 

are not rapidly increasing, but are stationary or even decreasing in 

numbers, how overwhelming must be their early destruction. Even 

after allowing for the many millions of adult fish taken by man it 

is obvious that of many species not one in a thousand or in ten thou¬ 

sand of eggs or of the newly hatched can survive to maturity. Pro¬ 

fessor Mobius estimates that for every grown oyster upon the beds 

of Schleswig-Holstein more than a million have died. 

To avert, if possible, the menace of increasing scarcity of fish 

supply the attention of Congress was directed to the subject;—the 

more properly since in our National Government resided the juris¬ 

diction over our extended sea coasts. By a joint resolution, approved 

February 9, 1871, the President was authorized and required to 

appoint a person of proved scientific and practical acquaintance with 

the fishes of the coast to be Commissioner of Fishes and Fisheries, 

with the duty to prosecute investigations into the causes of diminu¬ 

tion, if any, in numbers of the food-fishes of the coast and the lakes 

of the United States, and to report whether any and what protective, 

prohibitory, or precautionary measures should be adopted in the 

premises. 

No man more suitable for this important and responsible position 

than Professor Baird could have been selected. He was at once 

appointed by President Grant and confirmed by the Senate as the 

Commissioner. In his first report he announced, as the result of a 

most careful and thorough examination, that the decrease of the 

shore fishes of the New^England waters during the preceding twenty 
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years was fully substantiated, and that it had been much more rapid 

since the year 1865. 

In furtherance of his great work, the resources of the Smithsonian 

Institution were freely placed at the disposal of the Commissioner; 

and, in the same report, he gratefully acknowledges this hearty co¬ 

operation by saying: “I am indebted to Professor Henry for per¬ 

mission to use the extensive collection of apparatus belonging to the 

Smithsonian Institution, in the way of nets, dredges, tanks, &c., and 

thus saving the considerable outlay which would otherwise have been 

necessary.” 

The new studies into the life-history of the principal shore 

fishes,—into the character and range of their enemies, and into 

their appropriate means of subsistence, requisite to an intelligent 

consideration of the conditions most favorable to their propaga¬ 

tion,—involved investigations embracing the entire marine fauna 

of the coast, vertebrate and invertebrate. These extensive and 

varied researches necessarily demanded the aid of skilled assist¬ 

ants—of a corps of eminent specialists in marine biology, and a 

corresponding division of labor. 

The results of these investigations have been given to the world 

in hundreds of memoirs, published in the Reports and Bulletins of 

the Commission, and in the Proceedings and Bulletins of the National 

Museum. And it is quite within bounds to say that in importance, 

in variety, and in extent of original information thus communicated, 

no such quantity of contribution to our knowledge of zoology has 

ever emanated from any other organization within the same in¬ 

terval of time. Many species of fishes entirely new to science have 

been discovered and carefully described; and the number of in¬ 

vertebrate forms known to inhabit the waters explored, has prob¬ 

ably been fully doubled. 

It was found, from the abundance of the lower forms of life, that 

the decline of the useful fishes had not resulted from any lack of 

their accustomed food-supply; nor had it resulted apparently from 

any less favorable conditions of environment, nor from the preva¬ 

lence of any epidemic diseases. It was therefore a consequence of 

excess in their destruction. 

Among all the ravages of predaceous fishes it was found that the 

“bluefish” was the most voracious and devastating pirate of the 

coast. In the report it is stated: “ Sometimes among a school of 

herring or menhaden thousands of bluefish will be seen biting off 
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tlie tail of one and then another, destroying ten times as many fish 

as they really need for food, and leaving in their track the stirface 

of the water covered with the blood and fragments of the mangled 

fish.” Fortunately this fish is itself valuable for food, and it is ac¬ 

cordingly taken in large numbers.* 

But by far the most rapacious and destructive scourge of the 

waters is man himself. By reckless extravagance in his methods of 

capture he would soon consume the capital of his abundant patri¬ 

mony were no restraints imposed upon the thoughtless improvidence 

of his greed. With the growth of population and demand and the 

improved facilities for rapid transportation, the stimulus to inventive 

ingenuity occasioned the establishing of fish-traps and fish-pounds 

on a large scale that gathered thousands in their confines, with little 

regard to the probable supply of the future. As these traps and 

pounds were placed directly in the way of the fish to their spawn¬ 

ing beds, it resulted that a very large proportion of spawn fishes 

were taken by them, thus greatly reducing the prospects of the suc¬ 

ceeding generation. 

Whatever protective measures might be deemed expedient to 

check this spendthrift waste, it was seen that the most immediate 

and promising work of the Commissioner would be to promote the 

rapid multiplication of fish ; and to this dominant interest the an¬ 

nual appropriations by Congress have been more and more largely 

directed. 

Pisciculture is by no means a recent art, it having been exten¬ 

sively practiced by the Chinese for a number of centuries; and even 

the artificial fecundation of fish-spawn is nearly a century and a 

third old, having been apparently first introduced by Jacobi, a 

German, of Westphalia. Most of the European nations had already' 

given attention to the practical application of fish-culture, and in 

different parts of our own country enterprising individuals had un¬ 

dertaken the operation with gratifying results. 

Under the organizing direction of Professor Baird a careful study 

was made of existing methods, extended experiments on artificial 

propagation were conducted, and successive improvements in the 

various stages of incubation, hatching, and development intro- 

*In his first report, Professor Baird says: “I am myself cognizant of the 

capture of no less than 20,000 bluefish, representing a weight of at least one 

hundred thousand pounds, in one weir in the course of a single night.” 



56 PHILOSOPHICAL SOCIETY OF WASHINGTON. 

duced,—each detail receiving a scientific treatment,—until a scale 

of success has been effected far more complete and satisfactory than 

ever before attained. While under natural conditions but a small 

proportion of the spawn deposited is hatched (the greater mass 

being eagerly devoured by various aquatic tribes), and of the por¬ 

tion hatched but a small percentage escapes to reach maturity, 

under the careful breeding of art fully ninety per cent, of all the 

eggs secured are fertilized and successfully developed. 

Of the practical results of this great national enterprise it is un¬ 

necessary to speak. A dozen varieties of our best food-fishes have 

been disseminated throughout the inland‘waters and the seaboard 

of our country in increasing quantities; transported in the form of 

the young fry, or in that of fertilized eggs to other hatching stations; 

and while an accurate estimate is, perhaps, at present not easily 

attainable, it will hardly be held an exaggeration to say that these 

productions are to be numbered by thousands of millions. Of these, 

many millions (by a most praiseworthy public courtesy) have been 

distributed to foreign countries—to Australia, to Brazil, to Canada, 

to England, to France, to Germany, to Mexico, to The Netherlands, 

to Scotland, and to Switzerland. 

In the great International Fisheries Exhibition at Berlin in 1880 

our national commission was authorized by Congress to participate. 

Professor Baird appointed as his deputy to personally superintend 

this movement Professor Goode, the present Fish Commissioner, 

under whose energetic direction, in a remarkably short space of 

time, the marvellous American exhibit was organized, transported, 

and installed, to the wonder and admiration of every visitor. The 

head of the American Commission was hailed by the President of 

the German Fisheries Association as the “chief fish-culturist in the 

%vorld,” and to him was awarded for the most complete and impos¬ 

ing display of all the details and accessories of his scientific art the 

unique first-honor prize of the exhibition, the gift of the Emperor 

of Germany. 

But time fails'to permit more than a passing glance at other fields 

of activity no less important in which Professor Baird employed his 

remarkable powers of executive management. The Smithsonian 

Institution from its inception had given great encouragement to 

explorations, and its director had zealously labored to enlist, as far 

as practicable, the various expeditions undertaken by the Govern¬ 

ment, in the extension of scientific research. These efforts were lib- 
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erally responded to by the Executive Departments, and trained ex¬ 

perimentalists and observers were given every facility for physical, 

physiographical, and biological investigations at distant points. 

The Institution thus became almost the Government superintendent 

of scientific expeditions. In all that pertained to ethnology and 

natural history Professor Baird became of course the leading spirit, 

and the various circulars of direction and of inquiry issued by him 

show with what range and thoroughness he supervised this wide 

department, while the resulting memoirs and valuable museum 

accessions attest as their fruits the practical wisdom of the measures 

and methods adopted. 

Congress having made provision for the representation by the 

Government in the National Centennial Exhibition to be held at 

Philadelphia, the President of the United States requested the Ex¬ 

ecutive Departments, together with the Smithsonian Institution, to 

co-operate in a collection illustrative of our progress and resources. 

In his report for 1875, Professor Baird formulated (as requested by 

Professor Henry) his plans for the difierent details of the projected 

exhibit, and, these being adopted, were carried out to a result that 

made the Smithsonian display the leading attraction of the exten¬ 

sive Government building. 

At the death of Professor Henry, in 1878, his faithful assistant 

and coadjutor was elected by the Regents as his successor, and his 

long familiarity with the different lines of active operations pursued 

by the Institution made him from the start an efficient director. 

Another grave responsibility was thus thrown entirely upon his 

shoulders, and he proved himself equal to the occasion. 

In 1879, Congress made an appropriation (since continued an¬ 

nually) for the prosecution of North American ethnology, to be 

expended under the direction of the Smithsbnian Institution. ]For 

the administration of this important trust. Professor Baird selected 

one whom he knew to be peculiarly fitted by training, by zeal, and 

by congenial tastes, to pursue successfully the anthropologic study 

of our waning aborigines, and the new Bureau of Ethnology was 

judiciously committed to the control of the distinguished director of 

the Geological Survey, Major Powell. 

In the same year (that following Henry’s death) an appropria¬ 

tion (for many years importunately besought of Congress) was made 

for the erection of a national museum building. In 1882 the com¬ 

pletion of this building rendered necessary the re-organization of the 
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Museum, with a staff of expert curators, on a scale commensurate 

with its importance, and the abundance of its previously stored ma¬ 

terial. 

Professor Baird had now become the manager of three great 

establishments—the Fisheries Commission, the Smithsonian Insti¬ 

tution, and the National Museum; either one of which was a charge 

sufficient to fully task the energies of a vigorous man. No wonder, 

with the strain of unremitted though divided attention to these 

exacting duties, that while unconscious himself of any unaccustomed 

or undue exertions, he should find even his robust and stalwart 

strength was slowly failing under his accumulated labors. 

Informed by his medical adviser that an entire and continued 

rest from all intellectual exertion was necessary to restore his nervous 

energies to their wonted tone, he reluctantly accepted the decision. 

A year ago he asked from the Smithsonian Regents authority to ap¬ 

point two official assistants to relieve him from the greater portion 

of his responsibility, and in hearty compliance with his expressed 

desire, the eminent astronomer and physicist. Professor Langley, was 

appointed assistant in charge of the Smithsonian operations, and 

his well-tried friend and collaborator. Professor Goode, was ap¬ 

pointed assistant in charge of the Museum affairs. 

But the relaxation came too late. After a vigorous resistance of 

his strong constitution to the encroachments of internal organic 

derangements, he finally succumbed to the Destroyer, and quietly 

breathed his last on the 19th of August, 1887;—another example 

( far more frequent in the higher than in the lower fields of occupa¬ 

tion) of sacrifice to over-work. 

From even this hurried and imperfect sketch of Professor Baird’s 

diversified administrative work it is at once apparent that he pos¬ 

sessed, in a pre-eminent’degree, two great capacities,—the faculty for 

successful organization, and the faculty for continuous labor. As 

a biologist he had made a study of the entire range of organic 

nature—vegetable and animal; and with the accuracy of the special¬ 

ist, he combined the larger and fuller perception of the general zoolo¬ 

gist as to the functional and genetic inter-relations of animated being. 

The tenor of his mind was rather synthetic than analytic. While 

he ever displayed a marvellous memory for particulars and a com¬ 

prehensive grasp of details, these were apprehended more as the 

constituents of a general end or purpose, than as the residuals of a 

disjunctive conception. Clear-sighted and determined, he prevised 
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and compassed the result in the means. Simple and unostentatious, 

he received with ready affability a visitor, even when most pre-occu- 

pied. What young naturalist ever applied to him for the resolution 

of a difficulty or uncertainty without receiving cordial attention and 

satisfactory enlightenment? 

Great as were his undoubted services in the original discovery of 

biologic truths, it may well be doubted whether his indirect influ¬ 

ence in the advancement of science was not still greater, by the 

assistance and encouragement given to others and by his numerous 

official occasions of directing the efforts of the aspiring into channels 

of novel exploration whenever the opportunities of land or naval 

expeditions presented themselves. 

Now that the first shock of bereavement at missing one who has 

occupied a prominent place in the public eye, as well as in our 

private regard, has somewhat subsided, we but the more clearly 

realize that in the lamented death of Spencer F. Baird the scientific 

world has lost an accomplished and illustrious naturalist, the insti¬ 

tutions over which he presided an energetic and judicious admin¬ 

istrator, and we, assembled here, an exalted associate, a faithful 

counsellor, an ever open-hearted friend. 





PROFESSOR BAIRD IN SCIENCE. 

By Mr. Wm. H. Dall, President of the Biological Society. 

In accepting the honor of addressing you this evening on the bio¬ 

logical work of Prof. Spencer F. Baird it is hardly necessary to state 

that I have felt keenly the inadequacy of my own equipment for 

the task. Not only does it happen that my own work has been 

almost entirely in departments of biology differeut from those which 

he adorned, but my early efforts were fostered by his wisdom and 

geniality, the period of my scientific studies has coincided with an 

acquaintance which ripened into affection and admiration, they 

have depended for their results upon opportunities largely due to 

the intervention of Professor Baird, and I feel that the best and 

truest of him is that which cannot be put in words. The sense of 

personal loss, as with many of you, is still so keen as to accentuate 

the difficulty of doing justice to the theme assigned me. 

I should have almost despaired of myself on this occasion were it 

not that others have aided me in my endeavor to set forth the debt 

owed by the various departments of research to Professor Baird’s 

original investigations. To naturalists so distinguished in their 

specialities as Ridgway, Stejneger, Goode, Coues, Allen, Merriam, 

and Yarrow, I am indebted either for direct contributions toward 

the substance of this address or for matter in their published works 

which has been similarly utilized. 

Professor Baird’s scientific activity was exhibited in three prin¬ 

cipal directions: First, in original investigation of the zoology of 

vertebrates; second, in the diflPusion of scientific knowledge and 

methods through official documents, reports, cyclopedias, and records 

of progress; and lastly, in the organization and administration of 

scientific agencies such as the National Museum or the Fish Com¬ 

mission, which include in their scope not merely public education 

or economic applications of science, but the promotion of research. 

Behind all these and hardly less important for science was the per¬ 

sonal influence of the man himself, which shone through all the 

planes of his activity as coruscations light the facets of a gem. 
(61) 
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Although it is very difficult to separate the phases of his work, 

one from another, so closely were they inter-related, my theme to¬ 

night is restricted to the impress left upon zoological science by 

Baird’s original investigations. So great has been his reputation as 

an organizer, so numerous have been the publications in which he 

has garnered for the public the precious grain of the annual scien¬ 

tific harvest, that the extent and importance of his original work, 

except by specialists, is in danger of being overlooked. 

We owe an excellent bibliography of his publications to Professor 

Goode. From this we learn that, up to the end of 1882, the list 

comprises nearly eleven hundred titles, from which, after deduction 

of all notices, reviews, official reports, and works edited for others, 

some two hundred formal contributions to scientific literature re¬ 

main, many of which are Avorks of monographic character and ex¬ 

tensive scope. 

With the exception of a single early botanical paper these relate 

to the vertebrates of America and, in their several branches, cover 

nearly the entire field. Although descriptions of species in them¬ 

selves afford a poor criterion of the value of the work containing 

them, it is interesting to note that, among the terrestrial vertebrates, 

the proportion of the fauna first made known by Baird to the total 

number recognized at the time as North American varied from 

twenty-two per cent, of the whole to forty per cent, in different 

groups. 

His method of study of new material was as far removed as possi¬ 

ble from bookishness. In the case of the collections from Hudson 

Bay or the Pacific Bailroad Surveys, when birds, mammals, or rep¬ 

tiles sometimes came to hand by hundreds, each specimen having 

the collector’s data attached, the whole collection was thrown to¬ 

gether, each form to be sorted out on its merits and studied in the 

light of a multitude of specimens. 

Professor Baird’s early life had included so much of exercise in 

the shape of long pedestrian journeys with gun and gamebag, so 

much familiarity with the wood-life of his favorite birds and mam¬ 

mals, that it would have been in any case impossible to class him 

with the closet-naturalist, while to this knowledge he added a genius 

for thorough, patient, and exhaustive research into all which con¬ 

cerned the subject of his study, and a wonderful inventiveness in 

labor-saving devices for labelling, museum work, and registration. 
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He had a wonderful capacity for work. He undertook and car¬ 

ried out successfully tasks which it would seem nobody else would 

have dared to attempt, or, attempting, would have been physically 

unable to complete. In the case of the immense volume on the 

mammals of the Pacific Railroad Surveys he says in the preface, 

July 20, 1857 j 

“ The examination of the material was actually commenced early 
in 1855 and many of the articles written in that year or 1856. 
With the continual accession of additional specimens it became 
finally necessary to rewrite, alter, or extend all that had been pre¬ 
pared prior to the present year (1857). It is to this that the fre¬ 
quent want of uniformity is due, the time allowed not being, suffi¬ 
cient in many cases to permit the reworking of the whole matter. 
* * * It is, perhaps, unnecessary to state that the matter of the 
present report is entirely original throughout. ^ ^ ^ It is 
proper to state that, owing to various circumstances, the work was 
necessarily passed through the press with a rapidity probably un¬ 
exampled in the history of natural-history printing, allowing very 
little opportunity for that critical and leisurely examination so 
necessary in correcting a work of the kind. For most of the time 
the proof has been furnished and read at the rate of twenty-four to 
thirty-two pages per day, nearly 4D0 pages having been set up, 
read, and printed during the first half of July alone. Owing to 
the urgent necessity for the speedy completion of the volume, no 
time was allowed for the revision of the manuscript as a complete 
work, nor, indeed, of its separate portions, and, for much of the 
time, the preparation of much of the manuscript was only a few 
hours in advance of its delivery to the compositor.” 

The volume above referred to contains over 800 quarto pages 

and 42 plates. The manuscript was entirely prepared after six 

o’clock of working days which had been spent in the active admin¬ 

istrative and executive work of the Assistant Secretary of the 

Smithsonian Institution, then unassisted by stenographer or other 

clerical supplement. Fortunately for science Baird did not always 

have to work under such circumstances, but the incident shows 

what he was capable of doing when the occasion seemed to him to 

warrant it. Probably no other work of equal importance, on any 

subject, was ever carried out under such pressure. 

Mammals.—Professor Baird’s contributions to a knowledge of 

North American Mammals, though less voluminous than those re¬ 

lating to birds, are not less important. Previous to this time but 
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one general work on the subject had been published, that of Audu¬ 

bon and Bachman on the Quadrupeds of North America, which 

was issued in three volumes, from 1846 to 1854.* Immediately 

after the completion of this great work collections began to pour 

into the Smithsonian Institution from the various exploring parties 

of the Pacific Railway Surveys. This material comprised so large 

a number of new species, and cast so much light upon many pre¬ 

viously doubtful points concerning the relations of species already 

described, that a revision of the whole subject became necessary. 

Hence Professor Baird at once set about the preparation of the book 

commonly known as the Mammals of North America. I have already 

alluded to the manner in which it was prepared. This great work 

was rapidly pushed to completion and appeared in 1857, just three 

years after the publication of the last volume of Audubon and 

Bachman’s Quadrupeds. It constitutes the eighth volume of the 

Pacific Railroad Reports, and is a ponderous quarto of more than 

800 pages, accompanied by numerous excellent plates. 

Though published thirty years ago, this work still remains the 

standard general treatise on North American mammals. It con¬ 

tains no biographical matter, but consists wholly of technical de¬ 

scriptions. It treats of all the mammals then known from the 

continent of North America north of Mexico, except the bats and 

the truly pelagic forms—whales, sea cows, and seals. The total 

number of known species was increased nearly twenty-five per 

cent. 

In fullness of synonymy, and in the correct assignment of species 

previously described. Professor Baird was much in advance of pre¬ 

vious workers. The descriptions, which are models of painstaking 

accuracy and precision, are taken from the specimens themselves, 

and are accompanied by long tables of measurements, the value of 

which more than justifies the enormous expenditure of time neces¬ 

sary in their preparation. Much more attention was paid to crani- 

ological characters than had been the custom with previous writers, 

which fact contributes largely to the permanent value of the work. 

Professor Baird’s long training as a careful observer, his power 

of concentrating his knowledge of matters under investigation, the 

*The volume ou Mammals of Richardson’s Fauna Boreal! Americana 

does not fall under this head, because it treats only of the northern portion 

of the continent. 



GENERAL MEETINGS. 65 

wide scope of his ioformation ou nearly all departments of natural 

science, his clear perception of details, together with his excellent 

judgment, which was as marked in matters of minor detail as in 

those requiring great executive ability, enabled him to draw con¬ 

clusions which subsequent accumulations of material have verified 

in a surprising manner ; in fact, his pre-eminent superiority as a 

systematic zoologist is everywhere apparent. 

Birds.—When the great interest he took in birds is considered, 

and the long period over which his studies extended, it is somewhat 

surprising to find that the number of separate papers on ornithology 

published by Professor Baird sums up only some seventy-nine titles. 

It is less to their number that he owed his fame as an ornithologist 

than to their quality, combined with the fact that several of these 

publications covered practically the entire field of North American 

ornithology, and were of the nature of monographs. 

“ His reputation was, indeed, established,” says Ridgway, “ by 

the first of his separate works, usually known and quoted as the 

“Birds of North America,” though not published under this title 

until two years after it had been printed by the Government as 

Volume IX of the Pacific Railroad Reports. With the publication 

of this great quarto volume, containing more than a thousand pages, 

in 1868, began what has been fitly termed by Dr. Elliott Coues the 

“ Bairdian period” of American ornithology. This period, cover¬ 

ing almost thirty years, was characterized by an activity in ornitho¬ 

logical research and a rapidity of advancement without a parallel 

in the history of the science. 

Of the “Birds of North America” Coues states* that “it repre¬ 

sents the most important single step ever taken in the progress of 

American ornithology in all that relates to the technicalities.” The 

nomenclature was entirely remodeled from that previously in cur¬ 

rent use, and for the first time was brought abreast of the systematic 

acquirements of the time. The synonymy of the work, in which is 

embodied the history of investigation relating to each species, is 

more extensive, reliable, and elaborate than any before presented. 

With few exceptions, citations were original, and when, as occasion¬ 

ally happened, they were necessarily at second-hand the fact was 

app. to the Birds of the Colorado Valley, p. 650. 



66 PHILOSOPHICAL SOCIETY OF WASHINGTON. 

always indicated. The text comprised not only diagnoses and de¬ 

scriptions of each species, but extended and elaborate commentary, 

comparisons and criticisms. 

In this learned and sagacious work Professor Baird was aided by 

Cassin and Lawrence, two of the leading ornithologists of America. 

It exerted an influence perhaps stronger and more wddely felt than 

any of its predecessors, Audubon and Wilson not excepted, and 

marked an epoch in the history of American ornithology. The 

data original to and embodied in this work have been used again 

and again by subsequent WTiters wdth various modifications. Such 

a monument of original research is likely to remain for an indefinite 

period a source of inspiration to other waiters, while its authority 

as a work of reference will always endure. 

The publication of this work rendered possible the studies and 

progress of a large number of persons, who without it w^ould hardly 

have been able to enter the domain of scientific ornithology, but 

who, aided by the book as a standard of reference and by the genial 

correspondence and pregnant suggestions of its author, have made 

reputations of more or less distinction for valuable and permanent 

original investigation. The number of those who profited by this 

stimulation has been very large and in this way arose what has 

been called * the Bairdian School of Ornithologists, a school char¬ 

acterized by exactitude in matters of fact, conciseness in deductive 

statement, and careful analysis of the subject in all its various 

bearings. Its work is marked by a careful separation of the data 

from the conclusions derived from them, so that conclusions or 

arguments can be traced back to their sources and duly weighed, 

while the writings of the older European school afford little basis 

for analysis. In substance, according to Dr. Stejneger, the Euro¬ 

pean method required an investigator to accept an author’s state¬ 

ments and conclusions on his personal responsibility alone, while 

the method originated by Baird furnishes him wfith tangible facts 

from which to make his deductions. 

These distinctive features w^ere still further developed by the 

publication in 1864-’66 of the ‘‘Review^ of American Birds,” a 

work of unequalled merit, displaying in their perfection Professor 

Baird’s wonderful powers of analysis and synthesis, so strongly 

combined in his treatment of difficult problems. Although never 

* Stejneger, Proc. U. S. Nat. Mus., YII, 1884, p. 76. 
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completed, this work has received unstinted praise from all compe¬ 

tent to estimate it. It is said on excellent authority that no other 

single work on American birds has made so profound an impression 

on foreign ornithologists, notwithstanding the fact that circum¬ 

stances prevented it from being made complete. 

Although in his systematic work Professor Baird, like other 

naturalists, built partly on the scientific foundations laid by his 

predecessors and contemporaries, always with due acknowledge¬ 

ment, the high value of his work in this direction was largely 

due to an unerring instinct which enabled him to recognize and 

confirm the best features of the work of others and by adding ma¬ 

terial from his own lines of original research to combine the whole 

into a fabric which was a distinct advance on anything previously 

offered to the scientific world. 

While the bent of his genius led him, in this as in other depart¬ 

ments, to devote a main proportion of his work to the systematic 

biology which was the need of the time, and which, with the explora¬ 

tion and description upon which it is based, must always precede 

and lay the track for the theoretical biology more in vogue to-day, 

it must not be supposed that the work of Baird was confined to de¬ 

scriptive and systematic work. With the latter in his publications 

are combined a host of biographical data such as the field naturalist 

revels in. One of the earliest and most pregnant papers bearing 

on mutations of specific forms which have been contributed to the 

literature of evolution by American biologists is to be fouud in his 

article on the “Distribution and Migrations of North American 

Birds” published in the American Journal of Science in 1866.* 

In this paper, an abstract of a memoir presented to the National 

Academy of Sciences in 1865, are to be found the germs of much 

of the admirable work which has since been elaborated by other 

biologists on the correlation of geographical distribution and the 

peculiarities of the environment, with the modifications of color, 

size, and structure in the forms of animal life, called species. 

Unlike some of his contemporaries twenty years ago, the views of 

Darwin excited in him no reaction of mind against the hypotheses 

then novel and revolutionary. His friendly reception of the new 

theories was so quiet and undisturbed that, to a novice seeking his 

*Am. Jour. Sci. and Arts, 2nd Series, XII, pp. 78-90, 184-92, 337-47, 

1866. 
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inal. How well this work was done is shown by the fact that, in 

spite of the changes which are constant in zoological classification, 

nearly all the species still retain the names he applied to them. The 

descriptions were so carefully prepared that later students have never 

been troubled in making their identifications. 

Notwithstanding his multifarious duties in later years, Professor 

Baird never lost his interest in these animals, and up to the last 

afforded every aid and encouragement to those studying them. 

Much of the work done in this country by such herpetologists as 

Girard, Kennicott, Hallowell, Cope, and others, found in his ex¬ 

ample and encouragement the stimulus which made it possible, was 

built on the foundations which he laid, and owes its publication to 

agencies which he promoted or controlled. 

Fishes.—-Professor Baird’s contributions to ichthyological liter¬ 

ature number some fourteen or fifteen papers, chiefly of a descriptive 

character, embodying the results of original research into the ichthy¬ 

ology of western and southwestern America and of the marine 

fishes of New Jersey and New York. Most of these papers were 

published jointly with Charles Girard. 

Besides these, however, he added more than four hundred titles 

to the list of reviews, notices, reports, translations, and official docu¬ 

ments relating to economic ichthyology, fish culture, and the gen¬ 

eral progress of the science. In this way he was instrumental 

in bringing together for the use and benefit of the English-speaking 

public the largest body of facts relating to fish and fisheries ever 

prepared and digested for such purposes by any individual or 

organization. Recognized by experts of foreign countries with one 

accord, as the most eminent living authority on economic ichthy¬ 

ology, America owes to his fostering care and unwearied labor the 

existence of a whole generation of ichthyologists, breeders of fishes, 

and inventors of appliances of all sorts for use in connection 

with the taking, preservation, and increase of these animals. So 

thoroughly is this understood by all who are in any way acquainted 

with American fish and fisheries, that to them this statement will 

appear a truism. 

It does not enter into the purpose of this address to enumerate 

the economic results of the Commission which grew into such stately 

proportions under his skillful and progressive leadership, nor yet 

to enumerate the multitudinous researches in pure as well as eco- 
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advice and opinion amid the clatter of contending voices, it seemed 

almost as if the main features of the scientific gospel of the new era 

had existed in the mind of Baird from the very beginning. His 

thorough apprenticeship in the study of details of structure and their 

expression in systematic classification, as well as his cautious and 

judicial habit of mind, prevented him, notwithstanding his hearty 

recognition of evolutionary processes, from falling into those exuber¬ 

ancies of utterance and hypothesis characteristic of narrowness and 

immaturity which, within the memory of most of us, have enjoyed 

a sort of vogue now happily on the decline. 

Batrachians and Serpents.—Professor Baird’s contributions to 

herpetology began as early as 1849, his first paper being a revision 

of the North American tailed batrachians which appeared in the 

Journal of the Academy of Natural Sciences of Philadelphia. Ex¬ 

cluding notices of the work of others in the Annual Record between 

1849 and 1880, he published fourteen papers on this branch of science 

beside nine of which he was the joint author with Charles Girard. 

His activity in original work in this, as in some other directions, 

came to an end with the assumption of the burden of administrative 

work required by the organization and development of the Fish 

Commission. 

Many of his herpetological papers were elaborate studies. One 

of the most important of the early memoirs was that on the reptiles 

of Stansbury’s expedition to the valley of the Great Salt Lake, and 

another, that on those collected by the United States exploring ex¬ 

pedition under Wilkes. The catalogue of North American Reptiles 

in the collection of the Smithsonian Institution is a classical work, 

serving to the present day as a text-book for students of herpetology. 

In 1859 appeared his great study of the reptiles collected by the 

parties engaged in the explorations for a Pacific railroad, a monu¬ 

ment of patient research and discriminating analysis. After this 

his contributions to the subject were mostly short papers or an¬ 

nouncements of new or interesting facts. 

At the time Professor Baird began his studies of the amphibia 

little had been done for herpetology in America. The classical work 

of Holbrook contained little more than descriptions of Southern 

species and the work of Dumeril and Bibron was equally meagre. 

Immense collections were placed in Baird’s hands from the Western 

plains, and the work upon the^e was necessarily in great part orig- 
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iiomic biology for which this organization has furnished material 

and means. No more emphatic object-lesson of the vital relations 

existing betw^een research, as such, and the promotion of the ma¬ 

terial interests of mankind has ever been furnished to the so-called 

“ practical man ” than that afforded by the w’ork of the United 

States Fish Commission as directed by Professor Baird. 

Whether germane to the subject of scientific research or not, the 

most narrow specialist can hardly grudge an allusion to the grandeur 

of the methods by which the food supply of a nation was provided, 

hundreds of rivers stocked with fish, and the very depths of ocean 

were repopulated. Typically American we may call them in their 

audacity and their success. The Fishery boards of foreign countries, 

first quietly indifferent, then loudly incredulous, in due time became 

interested inquirers and enthusiastic followers. In a few years we 

may fairly expect to see the food supply of the entire civilized 

world materially increased, with all the benefits which that implies, 

and this result will in the main be owing to the unremunerated 

and devoted exertions of Spencer F. Baird. 



THE PERSONAL CHARACTERISTICS OF PROFESSOR 

BAIRD. 

By Mr. J. W. Powell, President of the Anthropological Society. 

Baird was one of the learned men of the world, and, to a degree 

perhaps unexampled in history, he was the discoverer of the knowl¬ 

edge he possessed. He knew the birds of the air, from the ptarmi¬ 

gan that lives among everlasting snows, to the humming-bird that 

revels among the orchids of -the tropics ; he knew the beasts of the 

forests and the prairies, and the reptiles that crawl through desert 

sands or slimy marshes; he knew the fishes that scale mountain 

torrents, that bask in quiet lakes, or that journey from zone to zone 

through the deep waters of the sea. In all tliis realm of nature he 

had a minute and comprehensive knowledge that no other man has 

ever acquired. What others have recorded in this field of research 

he knew, and to their discoveries he made a contribution of his own 

so bounteous, so stupendous, that he is recognized as the master of 

systematic zoologists. 

All of Baird’s scientific work is an illustration of modern induc¬ 

tive or scientific reasoning. The inductions or general principles of 

modern science are reached by the accumulation of vast stores of 

facts. He knew how to accumulate facts ; how to reject the trivial 

and select the significant. Modern science is almost buried under 

the debris of observation, the record of facts without meaning, 

the sands of fact that are ground from the rock of truth by the at¬ 

trition of mind; but Baird could walk over the sands and see the 

diamonds. Then he knew how to marshal significant facts into 

systems, and to weld them into fundamental principles. In all his 

works there can be discovered no taint of a priori reasoning or 

syllogistic logic; for in his mind there was no room for controversy, 

and disputation fled before the light of his genius. Formal logic, 

a disease of modern thought,—the contagion of Aristotleina,—never 

(71) 



72 PHILOSOPHICAL SOCIETY OF WASHINGTON. 
I 

ravaged his brain. With healthful directness, he sought the truth 

gujded by wise inference, and told the truth in its simplicity. 

Baird was an organizer of the agencies of research. When a 

bold explorer essayed to penetrate the seas of ice by the path of 

peril and in quest of fame, Baird would ever so manage that a corps 

of quiet scholars should be attached to the expedition to study the 

climate of the Arctic zone, the geology of the Arctic rocks, the flora 

of the Arctic lands, or the fauna of the Arctic fields ; and the best 

knowledge we have of the igloo-dwellers, the Eskimo whose home 

is on the ice of the North, has been brought to us by the quiet students 

he succeeded in attaching to Arctic exploring expeditions : and so 

the love of glory was made to serve the cause of truth. 

When, in the interests of international commerce, expeditions 

were sent to explore and survey routes of travel and transportation 

across Central America from sea to sea, he managed to send with 

them corps of scientific men whose function it was to bring from 

the tropics all forms of its abundant life, vegetal and animal, and 

the relics of the arts of the people of Central America as they are 

exhibited in stone and clay and gold ; and the National Museum 

has been enriched by the results of this labor, and the boundaries 

of human knowledge extended thereby: and so the greed of gain 

was made to serve the love of truth. 

When our army was distributed on the frontiers of the land, he 

everywhere enlisted our scholarly officers into the service of science 

and he transformed the military post into a station of research, an 

Indian campaign into a scientific expedition. Scott, Marcy, Mc¬ 

Clellan, Thomas, and many other of the great generals of America, 

were students of natural history and collectors for Baird. When 

our navy cruised around our shores, its officers were inspired with 

that love of nature which made every voyage of military duty a 

voyage of discovery in the realms of natural science; when they 

journeyed among the islands of the sea they brought back stores of 

scientific materials, and when they sailed through the littoral waters 

of other continents they made voyages of scientific investigation. 

Many of these earlier naturalists of the Navy in subsequent times 

became commodores and admirals. 

But time would fail me to tell of the exploring expeditions and 

the railroad surveys throughout America, and the travels through¬ 

out the world, which he utilized in the interest of science, or of 

which he was the immediate projector. Of the abundant material 
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thus gathered from all parts of the world, some has gone to enrich 

American institutions of learning, and some has been gathered into 

the National Museum—the outgrowth of Baird’s organizing genius 

and a splendid monument to his memory. 

The hills of the land stretch not so far as the billows of the sea; 

the heights of the mountains are not so great as the depths of the 

ocean; and so the world was unknown until this greater region was 

explored. The treasures of the land did not satisfy the desires of 

Baird; he must also have the treasures of the sea, and so he organ¬ 

ized a fish commission, with its great laboratories and vessels of 

research. 

“ What hicl’st thou in thj^ treasure-caves and cells, 

Thou hollow-sounding and mysterious main? 

Pale, glistening pearls and rainbow-colored shells, 

Bright things which gleam unreck’d of, and in vain. 

Keep, keep thy riches, melancholy sea ! 

We ask not such from thee.” 

What the scholar asked of the sea was all its forms of life, its 

organisms minute and lowly, its crawling articulates, its pearl- 

housed mollusks, its fishes that swim in armies, and its leviathans 

that prowl among the waves—the life of the reedy shore, the life 

of the ocean-current, and the life of the deep sea. So, with many 

ingenious appliances, he and his lieutenants sailed away to explore 

the ocean’s mystery. 

So the Fish Commission w^as an agency of research; but it was 

more; he made it an agency by which science is applied to the* 

relief of the wants of mankind, by which a cheap, nutritious, health¬ 

ful, and luxurious food is to be given to the millions of men. He 

affirmed that for the production of food an acre of water is more 

than equal to ten acres of land, thus giving to the gloomy doctrine 

of Malthiis its ultimate refutation, and tearing away the veil of 

despair from the horizon of the poor; for, when the sea shall serve 

man with all the food that can be gathered from its broad expanse^' 

the land cannot contain the millions whom it is thus possible to 

supply. 

In the research thus organized the materials for the work of 

other scientific men were gathered. When a great, genius reads to 

the world a chapter from the book of nature the story is so beau¬ 

tiful that many are stimulated to search in the same field for new 

chapters of the same^ story. Thus it was that the publication of 
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Baird’s great works on natural history developed in America a 

great corps of naturalists, many of whom have become illustiious, 

and the stimulus of his work was felt throughout Europe. In the 

research which he organized the materials were furnished for this 

corps of naturalists ; but his agency in the development of this body 

of workers w^as even more direct. He incited the men personally 

to undertake and continuously prosecute their investigations. He 

enlisted the men himself, he trained them himself, he himself fur¬ 

nished them with the materials and instruments of research, and, 

best of all, was their guide and great exemplar. Thus it was that 

the three institutions over which he presided—the Smithsonian In¬ 

stitution, the National Museum, and the Fish Commission—were 

woven into one great organization—an university of instruction in 

the methods of scientific research, including in its scope the entire 

field of biology and anthropology. Such is Baird the investigator, 

Baird the organizer, and Baird the instructor in the length, breadth, 

and thickness of his genius, the solidarity of a great man. 

All that I have said is a part of the public record; it is found in 

the great libraries of the world; but, however exalted the feeling 

of admiration we may entertain for Baird as a scholar and admin¬ 

istrator, it is to his attributes as a man, as disclosed in his personal 

relations with friends, associates, and contemporary men of affairs, 

that we most fondly turn. It is in these relations that he most 

clearly exhibited those kindly and modest traits of character which 

made him so universally beloved. 

• As a man of affairs. Professor Baird exhibited great sagacity. 

His plans for the organization of scientific work were of great mag¬ 

nitude, and had they been presented to the administrative officers 

of the Government or to legislative bodies with exaggeration, or 

even had they been presented with the glow of an enthusiastic 

missionary of science, they might well have encountered opposition. 

But Baird had a wonderful faculty of presenting his plans with 

extreme modesty, and with a degree of understatement, but sugges¬ 

tion of possibilities which speedily caused him to whom the appeal 

was made himself to become an advocate of the Professor’s measure. 

He had traits of character in this respect which are hard to explain, 

and which seem at first to be contradictory. In the advocacy of 

measures his modesty amounted almost to timidity, and he avoided 

alike argumentation and ostentation, and he presented his measures 

with the directness of a child. Notwithstanding all this, there was 
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such a poise of faculties—such dignity of mien—that he impressed 

those with whom he came in contact as a venerable and wise 2)atri- 

arch. He seemed devoid of personal interest or feeling, and solici¬ 

tous only for the welfare of those to whom he was in fact appealing, 

and he conveyed the impression that he was giving benignant ad¬ 

vice. Thus the shrinking, sensitive man, who could not even stand 

before a public body, such as a committee of Congress or a scientific 

society and advocate a cause, could, from his seat by the fireside or 

at the desk, so illumine the subject with which he had to deal that 

men stood round him to gather his words, that nothing should be 

lost, for in the exposition of his subject he illumined everything 

with clear statement, arising from an exhaustive knowledge and 

full understanding of results. 

As the director of the work of research in which other men were 

engaged. Professor Baird had marvelous insight and skill. The 

appliances of modern research, alike in the inorganic world and in 

biology, have come to be multifarious and diverse, and there is this 

peculiarity about their use: That once used, so that the secret of 

nature which they were planned to unlock has been revealed, they 

speedily become obsolete, and immediately new keys, new appa¬ 

ratus, new devices are necessary. Thus to a large extent skill in 

research is absorbed in the skill necessary for the development of 

the agencies of research. A continuous line of research, prose¬ 

cuted by a corps of men so that the boundaries of knowledge are 

carried far forward, can result only from a continuous line of in¬ 

ventions in the apparatus of research, and it was here that Baird* 

exhibited his skill. His own devices were many and constant, and 

ever he was fertile in suggestions to his assistants. No wonder, 

then, that so many of the secrets of nature were unlocked through 

his agency. It was in the direction of this work of research that 

the man Baird stood forth as a giant; it was where his vast knowl¬ 

edge of details was most apparent; it was where his marvellous 

skill was most shown ; it was where his insight into human char¬ 

acter was most exhibited. With clearness he formulated his inter¬ 

rogatories ; with aptness he selected his course of procedure; with 

judgment he sought the aid of others, and with suggestiveness di¬ 

rected their work. And, lo! his questions were speedily answered. 

It was in this manner that his own good hands were supplemented 

by the hands of many, that his own great mind was re-enforced by 
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the best mental activity of many assistants; and thus the whole 

body of men under his control worked together as one organic in¬ 

teger for the increase and diffusion of knowledge among men. 

In his work with his assistants he scrupulously provided that 

every one should receive the meed of honor due for successful re¬ 

search and treated all with generosity. Many an investigation 

begun by himself was turned over to assistants when he found that 

valuable conclusions could be reached; and these assistants, who 

were his warm friends, his younger brothers, reaped the reward ; 

and he had more joy over every young man’s success than over the 

triumphs and honors heaped upon himself from every quarter of 

the globe. He was the sympathetic counsellor of many men ; into 

his ears were poured the sorrows and joys of others, and he 

mourned with the mourning and rejoiced with the rejoicing. To 

those in need his hand was ready and his purse was open, and 

many and many were the poor who called him blessed.” Though 

a man of great force of character, a man of great learning, a man 

upon whom had been showered the honors of the scientific world, 

in character he was as simple as a child. He had a fund of 

“folk-lore,” and loved the books and papers written for children. 

In his later years, weakened with disease and burdened with many 

labors, he still read St. Nicholas from month to month, and kept 

the run of every little story, and was glad to be “a child again.” 

His life at home was pure and sweet, and full of joys, for he gave 

and received love and trust and tender care. But the history of 

his home life is sacred. Its words and acts abide in the hearts of 

the wife and the daughter. 

For many long months he contemplated the day of parting. 

Labor that knew no rest, responsibility that was never lifted from 

his shoulders, too soon brought his life to an end. In the summer of 

the past year he returned to his work by the seaside, that he might 

die in its midst. There at Wood’s Holl he had created the greatest 

biologic laboratory of the world ; and in that laboratory, with the 

best results of his life-work all about him, he calmly and philosoph¬ 

ically waited for the time of times. Three days before he died he 

asked to be placed in a chair provided with wheels. On this he 

was moved around the pier, past the vessels which he had built for 

research, and through the laboratory, where many men were at 

work at their biologic investigations. For every one he had a word 

of good cheer, though he knew it was the last. At the same time. 



GENERAL MEETINGS. 

along the pier and through the laboratory, a little child was 
wheeled. “We are rivals,” he said,‘‘but I think that I am the 
bigger baby.” In this supreme hour he was playing with a child. 
Then he was carried to his chamber, where he soon became in¬ 
sensible, and remained so until he was no more. 

“ Blessed are the pure in heart, for they shall see God.” 
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24th Meeting. February 16, 1887. 

The Chairman, Mr. Wm. B. Taylor, presided. 

Present, eighteen members and one guest. 

The Section proceeded to the election of officers for 1887 by ap¬ 

pointing a Nominating Committee consisting of Messrs. Farquhar, 

Baker, and Hill. 

The Committee nominated Mr. Wm. B. Taylor for Chairman 

and Mr. R. S.Woodward for Secretary; these nominees were elected 

by acclamation. 

Mr. M. H. Doolittle read a paper on 

ASSOCIATION RATIOS. 

[Abstract.] 

The present communication is an effort in the direction of a 

science of statistics. It includes the principles involved in my 

communication* of December 3, 1884, but presents them in a more 

general manner. 

Suppose that there are s occasions on which the presence or ab¬ 

sence of the phenomena A and B are determined by observation. 

Suppose that there are a instances of the occurrence of A, and b 

instances of the occurrence of B, each including c instances in which 

A is associated with B. There remain s — a — b c instances in 

which A and B are both absent. If a = 6 = c, the two phenomena 

are always found associated, and the association may be regarded 

as perfect. If either A or B is ever found alone, the association is 

The verification of predictions. See Bulletin of Phil. Soc. for 1884, 

vol. 8, pp. 122-127. 

(83) 
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imperfect. I assume that the extent of association is a quantity 

capable of numerical expression, and further assume it = -j. 

This is tantamount to the assumption that whenever either of the 

c c 
ratios or - is constant, the extent of association varies directly as 

the other ratio, and = 1 when they each = 1. 

Not-A and Not-B may also be regarded as phenomena whose 

presence is equivalent to the absence of A and B and vice versa. 

Not-A, therefore, occurs s — a times; and Not-B s — h times. The 

following table will hardly need further explanation: 

Phenomena. 

A and B 

A and Not-B 

Not-A and B 

Not-A and Not-B 

Both occur. Neither occurs. Extent of association. 

c s — a — h-\-c 

a — c 

b-c 

s — a — 6 + c 

h — G 

a — c 

6“ 

ab 

a{s—b) 

(b-c? 

(s—a) b 

(g — n — 6 -h cy 

(s — a) (g — 6) ' 

For illustration, let blindness and deafness be the phenomena 

denoted respectively by A and B. Then the extent of association 

between blindness and deafness = that between sight and 

u c (b — G? j. 
dealness = 7-r, Ac. 

(g — a) b 

I call the above expressions for extent of association indiscrimi¬ 

nate association ratios. It is important now to understand that the 

magnitude of each is determined both by general and special causes. 

In an ordinary community the indiscriminate association ratio be¬ 

tween sight and hearing is very large, nearly =1, for the general 

reason that most people can see whether they can hear or not, and 

most people can hear whether they can see or not. If there is a 

special reason why a larger proportion of men able to see than of 

blind men shall be able to hear, this special reason will tend to in¬ 

crease the indiscriminate association ratio, and a contrary special 

reason will tend to diminish it. 

I now seek to obtain a discriminate association ratio, whose 

magnitude shall be affected by special causes only, and which may 
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therefore serve as a measure of their efficiency. The general problem 

may be stated as follows: Having given the number of instances 

respectively in which things are both thus and so, in which they 

are thus but not so, in which they are so but not thus, and in which 

they are neither thus nor so, it is required to eliminate the general 

quantitative relativity inhering in the mere thingness of the things, 

and to determine the special quantitative relativity subsisting be¬ 

tween the thusness and the soness of the things. 

If no special causes are in operation, the number of instances in 

cth 
which both A and B occur should be = — according to the general s & » 

thedry of probabilities. The operation of such causes is therefore 

indicated by a difference between the values of c and —• Now, 

instead of the ratio -, which varies directly as c, let us form a 

ratio which shall vary directly as c — ~ and which shall — 1 

when c = These conditions give us the ratio 

ah 

ah 

s 

or 
cs ah 

a (s — h) 

In like manner, instead of the ratio 7 we have , , 
b h (.5 

cs — ah 

a) 
low, as¬ 

suming that whenever either of these derivative ratios is constant, 

the required discriminate association ratio varies directly as the 

other ratio varies, and that it equals unity when they each equal 
(OQ_ 

unity, it is found equal to their product = —^ 

For the phenomena A and Not-B the number of concurrences 

probable from general causes = subtracting this quan¬ 

tity from a — c, from a, and from s — 6, the indiscriminate 

association ratio -^77 becomes ■ , which differs 
a{s — b) ah {s — a) {s — b) 

from the discriminate association ratio for A and B merely in the 

algebraic sign of the quantity under the exponent. This is as it 

should be. Sight is precisely as favorable or unfavorable to hear- 
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ing as it is unfavorable or favorable to deafness. In like manner 

the same discriminate association ratio is obtained for the phenomena 

Not-A and B, and for Not-A and Not-B. The logical relation be¬ 

tween sight and hearing is just as close as that between sight and 

deafness, as that between blindness and hearing, and as that be¬ 

tween blindness and deafness. It is in fact the same relation stated 

in different words. 

The sum of the four indiscriminate association ratios is 

& (a — c)^ (6 — c)'^ (s — a — h-{-cY_. (cs — ahY 

ah a{s — b) (s — a) b (s — a)(s — b) ah {s — a) (s — h') 

Hence the discriminate association ratio = the sum of the indis¬ 

criminate association ratios — 1. Since every instance of A or of 

Not-A is necessarily associated with an instance of B or of Not-B 

and every instance of B or of Not-B is necessarily associated with 

an instance of A or of Not-A, this alternative association is perfect, 

and its extent = 1 whatever A and B may denote. The excess of 

the sum of the indiscriminate association ratios above unity may, 

therefore, be taken as a measure of that portion of the aggregate 

which is peculiar to any special signification of A and B. Such 

association as belongs necessarily to any two classes of phenomena 

whatever having been eliminated, the discriminate association ratio 

measures that residue which indicates special relations. 

I call c — — the concurrence residual. If c is less than —, the 
s s 

concurrence residual is negative and indicates that special causes 

prevent oftener than they produce positive association between A 

and B. If c = 0 and a — s — 6, the negative association (or disso¬ 

ciation) is perfect, and the discriminate association ratio =1. These 

conditions signify that the two phenomena are never both present 

and are never both absent. 

Denoting the discriminate association ratio by y, the concurrence 

residual by x, and the class residuals ^ ^ respect¬ 

ively by a and /5, we have the equation 

y 

and regarding x and y as variables and a and (3 as constants this 

equation is represented in Cartesian co-ordinates by a parabola. 
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The value of the discriminate association ratio is not affected by 

interchange of a and b. It is assumed that association and recip¬ 

rocal association are equal. 

The concurrence residual is significant in proportion to its square; 

and this is in accordance with the general comparative importance 

of residuals in the theory of least squares. 

When s is infinite, with a, b, and c each finite, the discriminate 

association ratio reduces to the indiscriminate -y. In this case the 
ab 

chances are as infinity to one against fortuitous concurrence; and the 

extent of association must be regarded as based wholly on special 

relations. 

This paper was briefly discussed by Messrs. Gilbert, H. Far- 

QUHAR, Baker, and the author. 

25th Meeting. March 2, 1887. 

The Chairman j^resided. 

Present, twenty-one members and two guests. 

A symposium was held on the following problem in probabilities: 

ONE-THIRD OF THE APPLES ON A TREE ARE ROTTEN AND ONE- 

FOURTH ARE WOR3IY, WPIAT IS THE PROBABILITY THAT AN APPLE 

TAKEN AT RANDOM FROM THE TREE WILL BE (1) ROTTEN ONLY; 

(2) WORMY ONLY^; (3) BOTH ROTTEN AND ’WORMY"; AND (4) 

SOUND ? 

The discussion was begun by Mr. M. Baker who gave an analyt¬ 

ical statement of the conditions of the problem and concluded that 

the problem was an indeterminate one until some assumptions were 

introduced. Without introducing anything additional to that stated 

he concluded that the four probabilities were respectively 

3d 2d d 5 d 
P1-4 s’ s 12’ 

where d= the number of sound apples and s the total number of 

apples. 
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Mr. Doolittle, proceeding on the hypothesis that the problem 

is indeterminate, gave an infinite series of possible values for the 

respective probabilities. But he thought the problem should be 

understood as determinate, and assigned as the proper value for 

the third probability. 

Mr, Hill expressed the opinion that the probability for a 

rotten and wormy apple is the proper value, but gave a solution of 

the problem by means of double integrals which brought out a dif¬ 

ferent result. 

Messrs. Curtis, Elliott, and Farquhar gave different solutions 

leading to Jy for the third probability. 

Mr. Farquhar objected to the result i as involving the absurdity 

that if one-fourth are wormy the probability of the combination is 

exactly the same for all values of the rotten between i and f ; and 

also further objected to calling a probability “indeterminate” be¬ 

cause it was not a certainty. 

Mr. Martin gave a brief history of the problem, which appeared 

originally in his Mathematical Visitor,* and of which he gave three 

solutions leading to i for the third probability. He stated that the 

correctness of his solution depended on the correctness of the view 

that all possible values of any one of the probabilities are equally 

probable. 

The subject was further discussed by Messrs. Gilbert, Christie, 

and Woodward. 

Mr. Hill also read a letter from Prof A. Hall relating to the 

problem. 

The discussion was closed with some remarks by the Chairman 

on the language of the problem and its proper interpretation. 

* The Mathematical Visitor; edited and published by A. Martin. 4°. 

Erie, Pa. 1881. Yol. 1, No. 4, January, 1880, p. 115, problem 180; solu¬ 

tions pp. 180-181. 
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26th Meeting. March 16, 1887. 

The Chairman presided. 

Present, sixteen members. 

Mr. Christie read a paper on 

A PROBLEM IN PROBABILITIES. 

In this paper he reviewed the conditions of the question in prob¬ 

abilities discussed at the previous meeting. He considered it a 

question susceptible of a definite answer, dependent only on a logi¬ 

cal and mandatory application of the elementary principles of prob¬ 

ability. In his analysis he derived expressions for the possible 

combinations of the several events and deduced therefrom a func¬ 

tion representing the probability of the probability of the compound 

event (rottenness and worminess), the variable in this function being 

the probability sought. The value of the variable making the func¬ 

tion a maximum was taken as the required probability, the result 

being 

If n = total number of apples, r — number rotten, w = number 

wormy, x — number both rotten and wormy, then 

and the chance of a particular apple being both rotten and wormy 

X . X^ 
is -. When x' and x" are integral the chance is either — or — , that 

n n n 

is 
x" 

2)1 
When n, r, w are all infinite, the case of continuous 

number, this chance is 

Mr. Stone took the ground that the problem is susceptible of but 

one interpretation, and gave a geometric solution leading to for 

the probability of the compound event. He also gave some in¬ 

stances of allied questions in dependent probabilities. 

An animated discussion, extending over the remaining time of 

the meeting, then followed. Of those who participated in the dis¬ 

cussion, Messrs. Christie, Curtis, Doolittle, Elliott, Hill, 

Kummell, Stone and Ziwet considered the problem determinate, 

while Messrs. Baker, Harkness, and Woodward considered it 

indeterminate. 
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27th Meeting. ' MAlien 30, 1887, 

The Chairman presided. 

Present, twelve members and two guests. 

Mr. R. S. Woodward read a paper on 

THE FREE COOLING OF A HOMOGENEOUS SPHERE INITIALLY 

HEATED TO A UNIFORM TEMPERATURE. 

[This paper appeared in full in the Annals of Mathematics. 4°. Char¬ 

lottesville, Va. 1887, June; vol. 3, no. 3, pp. 75-88. Also separately 

printed.] 

Remarks were made on this paper by Messrs. Kummell, HiLLy 

and the Chairman. 

Mr. Kummell read a paper on 

THE BRACHISTHODE ON THE HELICOID. 

[Abstract.] 

The characteristics of this class of curves and the methods of com¬ 

puting their lengths in the several cases were explained and dis¬ 

cussed. Accurately constructed stereoscopic diagrams of several of 

these curves were exhibited. 

[This paper is expected to appear in the Mathematical Visitor.] 

28th Meeting. April 13, 1887 

The Chairman presided. 

Present, nineteen members and one guest. 

Mr. G. W. Hill read a paper on 

THE MOTION OF HYPERION. 

Although designed to meet the special case presented by Hyperion, 

Mr. Hill’s paper treated the general problem of three bodies under 

the restrictions that they are all nearly in the same plane and that 
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the mass of the one whose motion is sought is negligible in compar¬ 

ison with the masses of the other two. The potential function for 

the disturbed body was put in a general form for the purpose of 

ascertaining the most advantageous variables for its development, 

and some of the particular forms were derived and discussed. Mr. 

Hill also indicated the methods which might be most advantage¬ 

ously followed in the application of his theory to Hyperion. 

This paper was discussed by Mr. A. Hall, who alluded to the 

unique character of the motion of Hyperion, and stated some of the 

more interesting facts concerning the observations of this satellite 

and the failure of the theories thus far advanced to represent its 

motion. 

Other remarks were made by the Chairman and Mr. Woodward. 

[This paper appeared in fall in the Annals of Mathematics. 4°. Char¬ 

lottesville, Va. 1887, June; vol. 8, no. 3, pp. 65-73. Also separately 

printed.] 

Mr. A. Hall presented a paper on 

THE parallax OF a TAURI. 

He gave a historical account of the early attempts at the deter¬ 

mination of stellar parallax together witli some of the results at¬ 

tained. He exhibited in tabular form the principal data on which 

his value for the parallax of a Tauri depends. In contrasting his 

result with the larger value for the same star determined by Struve 

he stated that his values for parallax are generally smaller than those 

of other observers. 

The brief discussion which followed was participated in by Messrs. 

Eastman, Paul, and others. 

29th Meeting. April 27, 1887. 

Ir 

The Chairman presided. 

Present, thirteen members. 

Mr. A. S. Flint read a paper on 

THE MOST PROBABLE VALUE OF THE LATITUDE AND ITS THEORET¬ 

ICAL WEIGHT FROM ENTANGLED OBSERVATIONS OCCURRING IN 

THE USE OF TALCOTT’s METHOD. 

In this paper Mr. Flint showed first how to express the weighted 
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mean value of the latitude and its weight in the most general case 

of entanglement in terms of the results from individual pairs of 

stars and their symbolical weights. To find the numerical values 

of these symbolical weights he made use of the principle that 

the weights of the individual results must be such as to make the 

probable error of the weighted mean a minimum. After treating 

the most general case he considered some of the special cases occur¬ 

ring most commonly, and deduced practical formulas for computing 

the weights of individual results. In illustration of his methods he 

gave the details of the numerical operations in one of the more com¬ 

plex cases presented in actual work. 

In the discussion which followed, Mr. Harkness derived, by a 

different and less complex process, some of the formulas given by 

Mr. Flint. Others participating in the discussion were Messrs. 

Paul, Farquhar, Stone, and Woodward. 

Mr. E. B. Elliott began the presentation of a paper on 

THE MUTUAL ACTION OF ELEMENTS OF ELECTRIC CURRENTS. 

30th Meeting. May 11, 1887. 

The Chairman presided. 

Present, ten members and two guests. 

Mr. E. B. Elliott continued his paper on 

THE MUTUAL ACTION OF ELEMENTS OF ELECTRIC CURRENTS. 

He stated that Ampere’s theory of such currents involves the 

assumption that the action between the elements is limited in direc¬ 

tion to the line joining them. In conformity with this assumption 

the result reached by Ampere, and now usually given in text 

books, is that the action is proportional to 

J cos 0 cos 0' — sin 0 sin 0' cos lo, 

in which 0 and 0' are respectively the angles between the directions 

of the elements and the line joining them, and w is the angle be¬ 

tween the two planes defined by the directions of the elements and 

the line joining them. 



MATHEMATICAL SECTION. 93 

In his own investigation Mr. Elliott makes no assumption or 

restriction with reference to the direction of the action of the ele¬ 

ments and finds the action proportional to the following expression: 

(cos 0 sin 0 . i) (cos 0' sin 0' cos (o . i -\- sin 0' sin o) .^’) — 

cos 0 cos O' — sin 0 sin 0' cos (o 

-f (sin 0 cos 0' -{- cos 0 sin 6' cos (o) i 

+ cos 0 sin 0' sin o) . j 

+ sin 0 sin 0' sin m . ij. 

In this expression 0, 0' and o) have the same signification as stated 

above, and i,j and ij (or its equivalent k) are quadrantal versors. 

The first term of this formula represents action in the line joining 

the elements; the second term represents action in the plane of the 

connecting line and one of the elements and perpendicular to the 

connecting line; the third term represents action in a direction at 

right angles to the plane just mentioned; and the fourth term rep¬ 

resents torsion in a plane perpendicular to the connecting line. 

The actions resulting in some special cases, as when the elements 

lie in one plane, etc., were explained and discussed. 

[This paper was presented to the American Association for the Advance¬ 

ment of Science at its New York meeting, August, 1887, and appeared in 

the Electrical World; a weekly review, etc. fol. New York, 1887, Au¬ 

gust 27 ; vol. 10, no. 9, p. 116. Also separately printed.] 

Mr. Hill, following Maxwell, gave some of the principal steps 

in the process which leads to Ampere’s result, indicating that that 

process diflfers from Mr. Elliott’s in leaving out of account cer¬ 

tain couples and in assuming a certain undetermined quantity to 

be zero. 

The paper was further discussed by Mr. Harkness, the Chair¬ 

man, and others. 

Mr. Doolittle began the presentation of a paper on 

ASSOCIATION RATIOS. 
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31st Meeting. May 25, 1887. 

The Chairman presided. 

Present, sixteen members and one guest. 

Mr. M. H, Doolittle continued his paper on 

ASSOCIATION KATIOS, 

which consisted chiefly in a review and criticism of an article* by 

Mr, G. K. Gilbert on Finley’s Tornado Predictions. The follow¬ 

ing is an abstract of Mr. Doolittle’s paper: 

By Mr. Gilbert’s notation: 

s = whole number of predictions. 

jp = number of positive predictions. 

0 — number of occurrences. 

c — number of verifications of positive predictions. 

2^' = s — p~ number of negative predictions. 

o' ~ s — 0 == number of non-occcurrences. 

0 — c = “ measure of the failure in inclusion.” 

p — G== “ measure of the failure in exclusion.” 

We should also have for consistency 

c = measure of success in inclusion. 

c' = s — 0 — p G= measure of success in exclusion. 

He says, “If inclusion and exclusion are equally important their 

measures bear the same weights.” This is as true for success as for 

failure, but Mr. Gilbert gives to the measure of success in exclusion 

no weight whatever, and entirely disregards it. 

He has 

0 + p — 2c = measure of the general failure of prediction. 

We should also have 

s — 0 —p 2c ~ measure of the general success in prediction. 

The latter measure consists of the “ favorable cases; ” the former 

* American Meteorological Journal. 8°. Detroit, Micli., 1884, Sep¬ 

tember; vol. 1, no. 5, pp. 166-172. 
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of the “ unfavorable; ” and the “ ratio of verification (the favorable 

cases divided by the sura of the favorable and unfavorable/’ becomes 

s — 0 ~ p 4-2g c-\- c 
V =-^--- 

s s 

And this is Mr. Finley’s method of computation. 

Mr. Gilbert then employs a process to which he gives no name, 

but which may be called the elimination of hypothetical chance. 

07) 
He estimates that — verifications of positive predictions might 

s 

have been expected if the same number of positive predictions had 

been made at random, and sets these cases aside as proving neither 

discrimination nor want of it. In effect, he subtracts — from each 
s 

of the quantities o, p, and c, and proceeds with the residuals. This 

portion of his reasoning is regarded as sound, and the process may 

be applied with great utility to properly formed ratios. 

The ratio v is 

c + c' ^ c4-c' . 

s p + p' 

ow 
To eliminate hypothetical chance, — should be subtracted from 

S 

o^p' 
each of the quantities c and p, and — from c' and p'. Denoting 

s 

the result by %, 

S 8 
2 (cs — op') 

op 
8 

p {8 — o') 4- 0 {8— p) 

When 

p = 100, 0 = : 51, C = 28, s = 2803 ; 

then - 
p' = 2703, o' = 2752, c' = 2680; 

and 

i — 
26T8 4- 2618 

0.355. 
9818 + 4918 

The above formula, like many others, successfully passes all the 

tests which Mr. Gilbert devised for his own formula, but it fails 
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under others, and it is not maintained that it has any scientific 

value. 

Mr. Gilbert says that he hopes “to show that Mr. Finley’s method 

involves a serious fallacy. This fallacy consists in the assumption 

that verifications of a rare event may be classed with verifications 

of the predictions of frequent events without any system of weight¬ 

ing.” It is not perceived that Mr. Gilbert has furnished any such 

system. The fallacy, perhaps, consists rather in the supposition 

that any valuable result can be obtained by averaging the percent¬ 

ages of verification of heterogeneous classes of predictions. Mr. 

Finley correctly computed his indiscriminate percentage of verifi¬ 

cation, and thereby furnished a striking and, perhaps, much-needed 

illustration of the worthlessness of such computations. The elimi¬ 

nation of hypothetical chance from such mixed percentages merely 

renders their worthlessness less apparent. 

This paper was briefly discussed by Messrs. Curtis, Farquhar 

Hill, Baker, and Woodward. 

Mr. H. Farquhar presented a solution and generalization of a 

problem, proposed in Science^^ requiring the division of a rectangle, 

by a single step-cut, into two parts which when put together will 

form a square. 

Mr. Marcus Baker presented a communication on 

. A COLLECTION OF SOLUTIONS OP THE TRISECTION PROBLEM. 

[Abstract.] 

The communication consisted of an informal statement from notes 

and memoranda of progress in the direction of an exhaustive col¬ 

lection of real solutions of the problem to trisect an angle. It was 

pointed out that, though the problem was a very old and very 

famous one, energy is constantly wasted in its study by those igno¬ 

rant of what has been done, and that this misdirected energy might, 

in large part, be due to the want of any satisfactory digest of results 

hitherto attained. The author had himself felt the need of such a 

digest, and, finding none, had some years ago begun a collection of 

* See Ncie?ice. 4°. New York, 1887, May 20; vol. 9, no. 224, p. 488, 

query 5, 
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notes and memoranda, with a view to the preparation of a fairly 

complete collection of solutions of the problem and the preparation 

of a bibliography. 

Progress in the work had been slow, and the results are still very 

incomplete, especially the bibliographic part, which was deemed the 

most important. 

The present collection of notes contained about a dozen different 

solutions of the problem and a suggested classification for a digest 

of the subject as follows: 

1. Historical Introduction. 

2. Trisection by the conic sections. 

3. Trisection by special or higher curves. 

4. Trisection by mechanical devices. 

5. Trisection by approximation. 

6. False trisections. 

7. Bibliography. 

Of the trisections by the conic sections five were enumerated, 

viz: 

1. By parabola and circle. 

2. By parabola and parabola. 

3. By parabola and hyperbola. 

4. By the equilateral hyperbola. 

5. By the hyperbola, whose asymptotes form an angle of 120°. 

Trisections by the following curves were also enumerated: 

1. Conchoid of Nicomedes. 

2. Conchoid on circular base= trisectrix = planetary curve of 

Ptolemy = special case of limacon of Pascal. 

3. Cycloid. 

4. Epicycloid or trochoid. 

5. Quadratrix of Dinostratus or Hippias of Elis. 

6. Quadratrix of Tschirnhausen. 

7. Spiral of Archimedes. 

Respecting the cissoid of Diodes, it was remarked that no solu¬ 

tion of the trisection problem, by its a:id, had been found. Also 

respecting the cycloid, which Sir Isaac Newton is said to state may 

be used to trisect an angle, no solution by means of it had been 

found, but the author had himself made one recently. 
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Of the various mechanical devices used for trisection the linkage 

of Thomas of Ceva was given, others being referred to only. 

Of false trisections, the number was stated to be very large and of 

unequal value, some giving close approximations and others failing 

ignominiously. Finally, in the bibliography, now containing some 

fifty references, and believed to be only the beginning of a reason¬ 

ably full list, it was proposed to make an authors’ catalogue of en¬ 

tries, and to follow each reference with a very brief characterization 

of the contents of the article. 

The foregoing scheme had been laid out but latterly had made n^ 

progress, and the opinion of the section was sought as to the desira¬ 

bility or advisability of carrying the work on. 

Mr. Curtis made the following remarks: 

Six or eight years ago I began a similar collection of trisection 

methods, in looking over which I find a number of solutions addi¬ 

tional to those presented by Mr. Baker. 

The following six belong to the class in which an angle is trisected 

by means of curves : 

(1) y^-f- x~y — axij -f bx^ = o; 

the ophiuride of Dietrich Uhlhorn (1764-1837). 
I 

X 
? 

the polyode of Dr. Win. Hillhouse,'^ Prof. J. W. Nicholson,f J. Bruen 

Miller.^ 

(3) Ax^ + 12y^ = (j/1 — x' -f- yY — 8y v^l — x’ -f 4. 

Dr. Wm. Hillhouse. 

(4) [Curve drawn, but equation not given.] Ibid. 

*The Analyst; edited and published by J. E. Hendricks. 8°. Des 

Moines, Iowa. 1882, November, vol. 9, no. 6, pp. 181-;84. See also same. 

1876, September, vol. 3, no. 5, p. 151. 

■\ Same. 1883, March, vol. 10, no. 2, pp. 41-43. See also The Multisector 

and Polyode. By Prof. J. W. Nicholson, M. A., Professor of Mathematics. 

Louisiana State University. 8°. New Orleans ; published at the Times- 

Uemocrat. 14 pp. 

t Van Nostrand’s Engineering Magazine. 8°. New York, D. Van Nos* 

trand, 1880, March, vol. 22, no. 135, pp. 206-209. 
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(5) , /l/o , 
T-hr—^ + 

l/l — ^ 

) 

(6) 

— 4x^ + ^ — 2/) 

(3?/“ 4/;^ = 

2 ) 
Ihid. 

Ibid. 

Dr. William Hillhouse, of New Haven, has not only shown that 

the last five curves may be used for trisecting an angle, but has 

devised instruments for describing them. This latter step, as I 

view the problem of trisection, is a necessary part of any real solu¬ 

tion by means of curves. The simple determination of the equations 

that will satisfy the analytical conditions of trisection, wdthout the 

instrumental means for describing the curves, does not constitute a 

solution of the problem. It is essentially something to be done, not 

something merely to be proved, and its fame arises from the im¬ 

possibility of making the trisection of an angle by means of a ruler 

and pair of compasses. Any proposed solution, therefore, must in¬ 

dicate a geometrical instrument for accomplishing it, and the nature 

of the motion applied therein determines the character of the solu¬ 

tion. 

A class of solutions, regarded the most elegant of all, is that in 

which link machines trisect the angle directly, without the aid of 

interposed curves. Of this class I have found three instruments, 

invented respectively by the Marquis de I’Hopital (1661-1704), 

A. B. Kempe, and Professor Sylvester. That of THopital is a com¬ 

bination of link and sliding motion ; those of Kempe and Sylvester 

nre pure linkages. With respect to the two latter, I wish to call 

attention to the elementary character of the solution. Euclid’s 

postulates require us to be able to draw a straight line and a circle, 

and it is frequently assumed that they imply the use of a straight¬ 

edge and a pair of compasses. But, manifestly, any other instru¬ 

ments that can describe the circle and the straight line satisfy 

equally the requirements of the postulates. Moreover, the use of a 

straight edge assumes as accomplished the very thing proposed to 

be done; whence the straight-edge is not an original instrument 

for describing a straight line. Such an instrument is given by the 

linkage of Peaucellier. More originally, therefore, than by the 

straight-edge, the postulates of Euclid may be assumed to imply 

the use of pure link motion. Wherefore, if pure link motion be 

considered as postulated by Euclidian geometry, the trisection of 

an angle becomes one of the simplest of geometrical problems. 
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Mr. Kummell remarked that the supposed analogy between the 

duplication of a cube and the trisection of an angle does not exist, 

since the latter requires a cubic with three real roots, while the 

former requires a cubic having one real and two imaginary roots. 

The subject was further discussed briefly by the Chairman and 
Mr. Bates. 

B2d Meeting. October 19, 1887. 

The Chairman presided. 

Present, sixteen members and one guest. 

Mr. G. AV. Hill read a paper on 

THE INTEGRATION OF DIFFERENTIAL EQUATIONS ADMITTING PE¬ 

RIODIC INTEGRALS. 

[Abstract.] 

The independent variable being conceived as time, a system of 

ordinary differential equations may be said to admit periodic inte¬ 

grals when the values of the dependent variables, either exactly or 

with an approximate tendency, after a certain lapse of time, repeat 

their series of values. In the latter case the longer the lapse is 

made the more nearly is the repetition brought about. Strange as 

it may seem, this subject, except in the case of simply periodic inte¬ 

grals, is, at present, not completely understood. The text-books on 

differential equations are almost wholly engaged with the cases, 

which, by certain artifices, can be integrated in finite terms or re¬ 

duced to quadratures. In the treatment of physical problems, 

however, we seldom meet with equations of this class. Far more 

frequently it is found that methods of approximation must be re¬ 

sorted to. Cauchy appears to be the author who has done the most 

for the elucidation of this part of the subject. His memoirs are in 

his later Exercises and in the volumes of the Comptes Bendus for 

1856 and 1857. 

In this paper the mode in which simply periodic integrals arise 

was discussed, and the theory afterwards illustrated by treating the 

following problem: 

Find the conditions of motion of any number of material points mov- 
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ing about a centre under the action of central forces whose potential is 

a function of the sum of the squares of the radii vectores. 

The differential equations of this problem, in the case where the 

radii are supposed to describe no areas, were first integrated by 

Binet.* But the addition to the forces of the terms arising from cen¬ 

trifugal action much enhances the interest of the problem. 

The chief point of interest brought out by the solution was that 

while the directions of the points, whether as seen from the centre 

or from each other, all return to the same values after the lapse of 

a certain time, as do also the ratios of the radii vectores, the absolute 

values of the latter have all a factor whose period is generally dif¬ 

ferent from the former. Thus the movement of the system may be 

conceived as taking place under the operation of two distinct causes, 

viz: the first producing a revolution of all the points about the 

centre in closed curves in the same time, while the second, having a 

different period, changes the scale of representation of the system in 

space. 

[This paper appeared in full in the Annals of Mathematics. 4°. Char¬ 

lottesville, Va. 1887, October; vol. 3, no. 5, pp. 145-153.] 

Mr. Hill’s paper was briefly discussed by Mr. A. Hall and the 

Chairman. 

Mr. A. Hall read a paper on 

EULER’s THEOREM (GENERALLY CALLED LAMBERT’s). 

[Abstract.] 

This theorem is well known to astronomers and is very useful in 

computing the orbits of comets. The time of the passage of the 

comet from one point to another of its orbit is expressed by means 

of the two radii vectores drawn to the points, and the chord joining 

these points. For many years, and by many writers even of the 

present time, this theorem is attributed to Lambert. Mr. Hall 

stated that it was first given by Euler about 1743. He gives two 

proofs for the parabola, and then extends the theorem to the 

ellipse. For this case Euler gives first an expression for the peri¬ 

helion distance in terms of the sum of the two radii vectores and 

the chord. He then gives an approximate expression for the time 

of describing the arc in terms of the perihelion distance, the radii 

* Journal de mathematiques; par J. Liouville. 4°. Paris, 1837. 1st 

series, vol. 2, p. 457. 
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vectores and the eccentricity of the ellipse, and directs us to sub¬ 
stitute the value of the perihelion distance. Euler does not, there¬ 
fore, give an explicit expression for the time in terms of the radii 
vectores and the chord, although he points out how this may be 
done. Considering the results that he obtained, Mr. Hall thinks 
that this theorem, with respect to all the conic sections, should be 
known by the name of Euler. 

Remarks on this communication were made by Messrs. Hill, 

Stone, and Winlock. 

33d Meeting. November 2, 1887. 

The Chairman presided. 

Present, fifteen members and one guest. 

Mr. E. B. Elliott gave a brief description of a new form of com¬ 
puting machine, which prints and arranges in the usual form for 
addition any series of numbers and then prints their sum, the work 
of the operator being merely mechanical as in the use of the type¬ 
writer. Although designed especially for performing and printing 
work in addition, the machine may also be used for multiplication 
and division. 

Mr. Wm. Harkness presented a paper on 

THE CONSTANT P IN OBSERVATIONS OF TERRESTRIAL MAGNETISM. 

It was explained that this paper arose from a correspondence in 
Nature concerning the modes of computing the constant. In a letter 
published in the number of that journal for August 18th, 1887, Mr. 
Harkness referred to an expression for P given in Stewart and 
Gee’s Practical Physics, and suggested a more convenient form for 
logarithmic computation. In the number for September 8th, Mr. 
William Ellis gave another but somewhat less accurate expression 
for the computation of P; and in the number for September 29th, 
Prof. Arthur W. Rucker gave what he considered a more accurate 
expression than either of the others. 

Starting from the fundamental equations of Gauss, Mr. Hark¬ 

ness derived a formula for P correct to terms of the second order 
inclusive. He then showed that Rucker’s formula, which pur- 
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ported to give terms of the second order, was incorrect, and pointed 

out that the error in Kiicker’s process consisted in expanding to 

terms of the second order an expression which included only terms 

of the first order. 

This paper was briefly discussed by Messrs. Hall, Abbe, Kum- 

MELL, and Harkness. 

This and other related papers appeared in Nature.'^ 

Mr. R. S. Woodward read a paper on 

THE CONDITIONED COOLING OF A HOMOGENEOUS SPHERE. 

The salient features only of this paper were presented. The funda¬ 

mental assumptions and analytical conditions of the problem were 

indicated, and especial attention was directed to the distinction be¬ 

tween the case of “conditioned cooling” and that of “free cooling,” 

which latter was discussed by the author, at the 27th meeting of 

the section. It was shown that the solution for the more complex 

case of “ conditioned cooling” is derivable by a comparatively simple 

process from the solution for “ free cooling.” The probable discrep¬ 

ancy between the data presented by the earth as a cooling sphere 

and those assumed in the solution of the problem, and the additional 

data requisite for a more complete solution were pointed out. 

The presentation of the paper was followed by an informal dis¬ 

cussion participated in by nearly all present. This discussion re¬ 

ferred chiefly to the physical features of the earth as a cooling sphere, 

and served to disclose a diversity of opinion concerning the con¬ 

ductive and convective properties of such large masses. 

[This paper appeared in full in the Annals of Mathematics, 4°. Char¬ 

lottesville, Va. 1887, October; vol. 3, no. 5, pp. 129-144.1 

* Nature., a weekly illustrated journal of science. 4°. London, 1887-1888. 

1887, Aug. 18, vol. 36, no. 929, p. 366. On the constant P; by Wm. Harkness. 

Sept. 8, vol. 36, no. 932, p. 436. Same; by Wm. Ellis. 

Sept, 29, vol. 36, no. 935, p. 508. Same; by A. W. Rucker. 

Dec. 8, vol. 37, no. 945, pp. 127-128. Same; by Harkness and re¬ 

joinder by Rucker. 

1888, Jan. 19, vol. 37, no. 951, pp. 272-273. Same; by Harkness and re¬ 

joinder by Rucker. 
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S4th Meeting. November 16, 1887. 

The Chairman presided. 

Present, ten members. 

Mr. Ormond Stone read a paper on 

THE ORBIT OF HYPERION. 

[Abstract.] 

The principal difficulty in the integration of the equations of motion 

in the case of the problem of three bodies arises in the integration of 

terms involving the inverse powers of the distances between the dis¬ 

turbed and disturbing bodies. When the ratio between the radius 

vectors is not too near unity, the inverse powers referred to can be 

developed in rapidly converging series in terms of cosines of multiples 

of the elongation. When, however, these ratios do not differ greatly 

from unity the convergence of the series mentioned is very slow. If, 

in addition, the mean motions of the two bodies are nearly com¬ 

mensurate, the ordinary methods of solving the problem become in¬ 

applicable. 

Such a case presents itself in the determination of the perturba¬ 

tions of Hyperion produced by Titan. On the other hand the mutual 

inclination of the orbits of these satellites is so small as to have eluded 

detection; the eccentricity of the orbit of Titan is less than 0.03, and 

the position of the aposaturnium of Hyperion so nearly coincides, 

at least at present, with the point of conjunction of the two satellites 

as to give rise to a suspicion that the eccentricity of its orbit is, in 

reality, small, and that the apparent eccentricity is principally due 

to the perturbations produced by Titan. 

In view of these circumstances, that part of the disturbance has 

been investigated, which may be determined by neglecting the mutual 

inclination and the eccentricities of the orbits of both bodies, reserv¬ 

ing a discussion of the remaining portion for another paper. It was 

accordingly assumed that 

r = a (1 -b cos 0 cos 2^ 

^ (1 q- cos d -f- cos -b . . .) ; 

where r and w are the radius vector and longitude in orbit of Hype¬ 

rion, 0 is the mean angular distance between the radius vectors of 
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Titan and Hyperion, a and n are the mean values of r and w, and 

Wj, etc., are constants to be determined. In the differential equa¬ 

tions of motion for r and w, those terms not containing explicitly the 

mass of Titan were expanded by Taylor’s theorem into series of 

sums of terms containing cosines of multiples of 0 affected with con¬ 

stant coefficients; while the terms containing the mass of Titan ex¬ 

plicitly were expanded mechanically into a series of cosines of mul¬ 

tiples oiO by means of assumed values of the coefficients. Equating 

the coefficients of the cosines of equal multiples of 0, a number of 

equations were obtained from which to derive a corresponding num¬ 

ber of the quantities etc. With these new' values were ob¬ 

tained and the process repeated. Instead, however, of considering 

m' (the mass of Titan) as known, a.^ was assumed to be given and m' 

was considered as one of the unknowns. 

[This paper appeared in full in the Annals of Mathematics. 4°. Char¬ 

lottesville, Va., 1887. Yol. 3, No. 6, p. 161.] 

Brief remarks on Mr. Stone’s communication w'ere made by the 

Chairman and by Messrs. Baker, Hill, and Kummell. 

Mr. E. B. Elliott presented a paper on 

THE QUOTIENTS OF SPACE-DIRECTED LINES. 

He wrote down some of the fundamental relations of this analy¬ 

sis and explained the nature and properties of the special symbols 

employed. He called attention to the lectures of Hamilton on 

quaternions, and to his “letters” on the same subject, as they ap¬ 

pear in Nichol’s Cyclopaedia;* and commented on the transition 

from Hamilton’s primary conception of a quarternion as a quotient 

of tw'o directed right lines in space to his secondary conception of 

a quaternion as the sum of a directed right line and a number. 

The presentation of this paper w^as follow’ed by a discussion, in 

which Messrs. Baker, Hill, Stone, Woodward, and the Chair¬ 

man participated. 

* See A cyclopaedia of the physical sciences, etc., by J. P. Nichol. 

8°. London and Glasgow, 1857. pp. 625-628. 

* * 
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35th Meeting. November 30, 1887. 

The Chairman presided. 

Eleven members present. 

Mr. E. B. Elliott continued his remarks, begun at the last 

meeting, on 

THE QUOTIENTS OF SPACE-DIRECTED LINES. 

[Abstract.] 

Mr. Elliott said that the quotient of two space-directed lines is 

not a line, but is abstract. It is a quantity which applied as a mul¬ 

tiplier to one of the space-directed lines will produce the other. 

He then gave as an illustration of this principle its application to 

the problem of the mutual action of the elements of electric currents. 

Let M and p! represent, respectively, in length, current strength, 

and direction, two elements of electric currents. 

p and p' represent, respectively, in length and direction, the 

lines connecting the centers of the elements. 

d represent the angle made by the element p with the line 

connecting the elements p. and //; that is, with p. 

ip represent the angle made by the element p! with its rectan¬ 

gular projection in the primary plane; that is, the plane 

determined by the element p. and the connecting line p. 

ip represent the angle made in the primary plane by the rec¬ 

tangular projection of the element // and the connecting 

line p'. 

The effect of the action of p on p! will be as the product of the 

' current strength, the length, and the direction of the elements, and 

inversely as the square of the distance, and the direction of the ac¬ 

tion will be expressed by the following formula: 

U - X U ^ = cos 0 cos cos (p — sin 0 cos ip sin 0 

P . . 
-}- [cos 0 cos ip sin ^ -f sin ^ cos ip cos i 

-f- cos ^ sin ^. j 

-|- sin 6^ sin ^ . ij; 

in which the first line denotes action (transference) in the direction 

of the line connecting the centers of the elements; the second line 
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denotes action (transference) in the primary plane, but perpendic¬ 

ular to the direction of the connecting line; the third line denotes 

the action (transference) perpendicular to the connecting line in a 

plane perpendicular to the primary plane; the fourth line denotes 

action (torsion) in a plane perpendicular to the primary plane. 

If instead of the angles (p and ^ the angles 0' and (o are used, 0' 

denoting the angle made by //, with the line connecting the centers 

of the elements, that is, with /; and o) denoting the angle which the 

plane of // and p' makes with the plane of p and /?, the direction 

of the resulting action will be expressed by the following formula: 

U- X XJ ^ = cos 0 cos 0'— sin d sin 6' cos w 
P P , 

-(- [sin 0 cos 0'-\- cos 0 sin 0' cos oj'] i 

-f COS0 sin 0' sin to .j 

-j- sin 0 sin 0' sin o). ij. 

The values of the four parts of this formula are identical, respect¬ 

ively, with the corresponding parts of the former one. 

The mutual action of the unit - right - quotients (or quadrantal 
—2 

versors) i^j and ij are such that =■ — 1] — 1; and ij (or its 

substitute ^^) =—1, from which it readily appears that^‘=^ = 

—ji; jk —i = — ki; and ki==j = — ik. 

Brief remarks on Mr. Elliott’s paper were made by the Chair¬ 

man and by Mr. Christie. 

Mr. Artemas Martin presented a paper on 

METHODS OF FINDING n'^“-POWER NUMBERS WHOSE SUM IS AN 

n™-power; with examples. 

[Abstract.] 
First method: 

(1) 

Let r + 2" + 3“ + 4" + . . . . .r“ = 

and assume the auxiliary formula 

(i> + 3)”-y‘ = «; . . 

also assume d such that 

whence 

(2) 
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The solution now consists in determining by trial whether d can 

be separated into ?i**-power numbers, all different. 

Second method: 

In equation (1) a may sometimes be separated by trial into 

n^*-power numbers, all different. 

Third method: 

Assuming nearly equal to but less than and putting r for 

the difference, we have 

= . (8) 

In formula (1) p and q may be any numbers chosen at pleasure. 

In formula (2) x should be chosen equal to or greater than the 

number of powers sought, and p and q any numbers that will give 

d positive, provided p be not less than x. 

In formula (3) h must be greater than x. 

Formulae (1) and (2) are taken from Dr. Hart* who has treated 

the cases of squares and cubes at some length. Formula (3) is found 

to be especially serviceable if a large number of powers is sought. 

Examples.—The values of S^. for n = 2,3, 4, and 5, respectively, 

are here set down for reference as follows: 

2 ^ O' ® +1) (2-'« +1); 

Sx. 5 = tV (-^ +1)' (2^-’+ 2.r -1). 

I. »(= 2: 

Ex. 1. Using formula (2) assume a; = 5, ^ = 6, and ^ = 1. 

Then d = 42, which by trial is found equal to 
12 42 _|_ 52 ^ Yvhence 

2^+3‘'^+6'^ = U. 

*See The Mathematical Magazine. Edited and published by Artemas 

Martin. 4°. Erie, Pa. 1882-1884. Yol. 1, No. 1 [January, 1882], pp. 8-9, 

and No. 11 [July, 1884], pp. 173-176. 
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Ex. 2. Using formula (1) assume p = 8 and q = 3; whence 

a = 57, which is by trial found equal to 2^ + 

4^+6^ and 

V-i-2^-i-4^+6^-h8^=n\ 

Ex. 3. Using formula (3) assume x ~ 50 and h — 206; then 

489, which by trial is found equal to 

12 4. 22 + 22^ or 52 + 8‘^ 4- 20^ etc.; 

whence we have two sets of 47 numbers, the sum of 

whose squares is a square. 

Ex. 4. Using formula (3) assume x= 100 and 5 = 1750; 

then r — 2850, which by trial is found to equal 

4^ -h 5^^ + 53^; whence 

r+2‘^-f 3^-t-6^+r4-... 
+ 52^+54^4-_4-100^ = 1750^ 

II. 7i = 3: 

Ex. 1. Using formula (2) assume x — 5, p = 0, q==l, whence 

d = 134, which by trial is found equal to 1^-f 2^4- 

whence 
33 434.53^03^ 

Ex. 2. Using formula (1) assume jo= 8,5 = 1, whence a = 217, 

which by trial is found to equal l'‘^4- 6^; hence 

U-f 3^4-4=^+8=^ = 91 

Ex. 3. Using formula (3) assume x = 100 and b = 294; 

whence r = 90 316, which by trial is found to equal 

1^4- 6"+ 11'4- 21^4- 43^ whence 

2'+ . . 5^4-7^4- . . 10^+12^+ . . 
20' + 22'4- . . 42' -f- 44' . . + 100' = 294'. 

Ex. 4. Using formula (3) assume .r=1000 and 5 = 6303; 

whence r=5 869873, which by trial is found to 

equal 1' + 2' 4-10' 4-16' + 32' 4-180'; hence, 

3'4- . . 9'4-lU4- . . 15'4-17'4- . . 

31'4-33'4- . . 179'4-181'4- . . 1000'=6303'. 
III. n=4: 

Ex. 1. Using formula (2) assume rr = 10, ^ = 14, and q=l’, 

whence d= 13 124, which by trial is found equal to 

1^ 4_ 2^ 4- 3* 4- 5^ 4- 7* 4- 10^ whence 

4^4-6*4-8^4-9*4-14^ = 15\ 
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Ex. 2. Using formula (3) assume x~ 100 and h = 212; 

whence r= 30 370194, which by trial is found 

equal to' 

1^ + 2^ + 3* + 4^ -h 8* + 10^ + 14* + 24* + 42*+ 72*; 

hence if all the natural numbers from 1 to 100, ex¬ 

cept the ten above given, be raised to‘the fourth 

power and added, their sum equals 212*. 
IV. ^^=5: 

Ex. 1. Using formula (2) assume x = 10, = 11, and 5 = 1; 

whence d = 133 044, which by trial is found to equal 

1^ + 2^ + 3^ + 8^ + 10% and therefore 

4^+5" + 6' + 7' + 9' + lU-=12% 

Ex. 2. Using formula (1) assume = 29 and ^ = 1; whence 

a = 3788 851, which by trial is found equal to 

5^+10^+1U+16^ + 19^; hence 

55 lo- 115 q- 165 -}- ^95 ^ 29^ = 30% 

Ex. S. Using formula (2) assume = 18, p = 31, q—l; 

whence d~l 731 920, which by trial is found to 

equal 1^+2^+4^+5^+9^+12^+17% and therefore 

3' + 6^ + 7^ + 8' +10' + 11' + 
13' +14' + 15' + 16' +18' + 31' = 32% 

In finding these numbers, use has been made of Barlow’s tables of 

fourth and fifth powers. To further facilitate the work the values 

of See,n for 71 = 4 and n~ 5 were tabulated. 

This paper was discussed briefly by the Chairman and by Messrs. 

Doolittle, Hill, Baker, and Kummell. 



NOTE. 

The following members have assisted the Chairman and Secretary 

in the examination of abstracts of communications to the Mathe¬ 

matical Section; 

Third member. 

G. K. Gilbert. 

Asaph Hall. 

Asaph Hall. 

Marcus Baker. 

numbers whose sum is an 

power. 

Title. 

Association ratios. 

A collection of solutions of the 

trisection problem. 

The orbit of Hyperion. 

Methods of finding 

}' 

Author. 

M. H. Doolittle. 

Marcus Baker. 

G. E. Curtis. 

Ormond Stone. 

Artemas Martin. 
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NOTE ON THE PUBLICATIONS OF THE SOCIETY. 

The ten volumes of the bulletin now issued cover the proceedings 

of the Society from its organization in March, 1871, to the end of 

December, 1887, a period of 17 years. Volumes 1 to 3 of the Bulletin 

apply to irregular periods ; volume 4 gives the proceedings for a 

Society’s year, beginning in October of one calendar year and end¬ 

ing in June of the next. In 1882, the Society’s year was changed 

to coincidence with the calendar year, and volume 5 contains the 

minutes from October, 1881, to December, 1882, inclusive. Volumes 

6 to 10 cover, respectively, the calendar years 1883-1887. 

The pages of all the volumes have been stereotyped at the expense 

of the Smithsonian Institution, and after the Society’s edition, usually 

of 500 copies, has been printed, the plates have gone into the cus¬ 

tody of the Institution, which has subsequently issued an edition of 

its own, constituting a paper of its Miscellaneous Collections. In 

the Smithsonian edition, volumes 1, 2, and 3 of the Bulletin consti¬ 

tute volume 20 of the Miscellaneous Collections, and volumes 4 and 

5 constitute part of volume 25 of the Miscellaneous Collections. 

Volumes 6 to 8 have been reprinted by the Institution, but not yet 

gathered into a Collections volume for binding. Their numbers in 

the Smithsonian list are; as follows: 

Vol. 6.No. 543 

Vol. 7.No. 592 

Vol. 8.No. 636 

The Smithsonian edition is in the main typographically identical 

with the Society’s edition, but the following differences are to be 

noted. 

Volume 20 of the Smithsonian Collections contains, in addition, 

the following title page and contents: 

Smithsonian Miscellaneous Collections. Vol. XX. (Vignette and 

motto.) Washington: Published by the Smithsonian Institution. 

1881. 

Contents. Article I. Bulletin of the Philosophical Society of 

Washington. Vol. I, March, 1871, to June, 1874. Pp. 218. 

(113) 
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Article II. Bulletin of the Philosophical Society of Washington. 

Vol. II, October 10, 1874, to November 2, 1878. Pp. 452. 

Article III. Bulletin of the Philosophical Society of Washington. 

Vol. Ill, November 9, 1878, to June 19, 1880. Pp. 169. 

The plates for this volume were changed by way of correction in 

a number of details, and the following list of differences may be re¬ 

garded as corrigenda for volumes 1, 2, and 3 of the Society’s edition. 

Differences in Volume I of Bulletin. 

Page. Line. Society''s edition. Smithsonian edition. 

31 17 Benj. F. Pierce Benj. Pierce 

38 12 34, 35 36, 37 

54 38 B. F. Taylor W. B. Taylor 

57 11 erosions erosion 

57 13 particles. particles 

57 14 is a minimum is at a minimum 

85 9 marl-gravel marl, gravel 

85 22 sufficed, sufficed 

85 23 west. west 

85 23 water. water 

91 24 0. London of London 

107 42 Glaishen Glaisher 

109 5 J. K. Gilbert G. K. Gilbert 

109 13 Division division 

109 16 Kaibal Plateau Kaibab Plateau 

44* 24 Sandstones Sandstone 

47* 10 87 89 

Differences in Volume II OF Bulletin. 

Page. Line. Society''s edition. Smithsonian edition. 

X 31 Carl Karl 

XIII 15 Cripsey Crissey 

21 21 .00279 .00729 

28 28 among the Esquimaux resulting from gram¬ 

tribes by matical 

42 7 A. H. Spofford A. R. Spofford 

Appendix. 
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Page. Line. Society's edition. Smithsonian edition. 

42 22 Dalton Dutton 

64 16 Meyer Mayer 

67 2 E. K. Gilbert G. k. Gilbert 

67 7 September September. 

69 2 E. K. Gilbert G. K. Gilbert 

69 18 E. K. Gilbert G. K. Gilbert 

87 2 Charles C. Boerner Charles G. Boerner 

95 7 Whyte White 

104 15 B. A. Alvord B. Alvord 

105 8 Espey Espy 

110 30 Whyte White 

111 6 M. B. Meek F. B. Meek 

113 16 ‘‘The Henry Mountams,” The Henry Mountains, 

123 22 B. F. Green B. F. Greene 

123 30 Greene Green 

126 15 Woowdard AVoodward 

130 27 Henry Parker Henry, Parker 

131 last great, that great that 

133 38 Martin Martyn 

189 9 Cox Coues 

190 3 J. W. Clark E. AY. Clark 

196 24 Gallandet Gallaudet 

199 10 La Verrier’s Le A^errier’s 

313 2 Observations Observatories 

380 12 Esquimaux the extension of 

Diffekences in Volume III of Bulletin. 

Page. Line. Society's edition. Smithsonian edition. 

1 2 I-XV i-xv 

18 4 David B. Todd David P. Todd 

18 8 Icthys Tethys 

33 12 Phosphhorescent Phosphorescent 
34 37 base bases 

44 36 G. W. Osborne J. AY. Osborne 

56 foot note In the above diagram, 

the symbol OC should 

be and OC i/2 should 

be a]/2. 
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Page. Line. Society's edition. Smithsonian edition. 

57 17 0.49788, 15817, 54736. 0.49788 15817 54736. 
¥ 

58 9 
+11 

58 14 m in 

59 foot note In this page and the fol¬ 

lowing, the symbol y 

(for radius) should 

read r. 

117 3 Nevada Wyoming 

120 23 Michaelson Michelson 

124 27 Alfred Albert 

125 16 G. W. Osborne J. W. Osborne 

126 9 carboniferous Carboniferous 

126 26 to and in consequence 

of 

streams, which result 

from 

127 31 when known as far as known 

127 37 miocene Miocene 

156 52 Nicholas Nichols 

159 6 Instition Institution 

164 21 Hoarlem Haarlem 

165 26 R. Craig T. Craig 

168 5 Aztic Aztec 

168 12 A. Michelson A. A. Michelson 

168 14 119 and 147 119 and 148 

168 26 G. W. Osborne J. W. Osborne 

168 36 S. W. Powell J. W. Powell 

169 7 C. S. Schott C. A. Schott 

169 30 L. L. Woodward J. J. Woodward 

Volume 25 of the Smithsonian Collections has the following title- 

page and contents. 

Smithsonian Miscellaneous Collections. Vol. XXV. (Vignette 

and motto.) Washington: Published by the Smithsonian Institu¬ 

tion. 1883. 

Table of Contents. 

Article I. (498.) Bulletin of the Philosophical Society of Wash¬ 

ington. Vol. IV. October 9,1880, to June 11,1881. 1883. Pp. 

189. 
Article II. (503.) Bulletin of the Philosophical Society of 

Washington. Vol. V. October 8, 1881, to December 16, 1882. 

1883. Pp. 189. 



INDEX TO VOLUMES I-X 

Volume, Roman pagination, Arabic pagination, and pagination of appendix are distinguished 

thus : ix, xvi, 23, (17). 
The pages of appendices are differently numbered at top and at bottom; the index refers to 

the pagination at bottom. 
The titles of all papers read to the Society are entered (with some duplication) under the 

following words : Acoustics, Anatomy, Anthropology, Archaeology, Astronomy, Biography, Biology, 
Botany, Calendars, Chemistry, Electricity, Geography, Geology, Mathematics, Meteorology, Mi¬ 
croscopy, Mineralogy, Miscellaneous, Oceanography, Optics, Physics, Political Economy, Psychol¬ 
ogy, Seismology, Social Science, Thermometry, Zoology. 

Page. 
Abbe, Cleveland, communication on the 

aerial currents observed in balloon as¬ 
censions. Abstract.i 38 

the laws governing the movement of 
' storm centers. Abstract.1 99 

the position of the planes of certain ne- 
. bulae. Abstract and reference.i 109 

report of the committee to collect in¬ 
formation relative to the meteor of 
December 24th, 1873. In full. 2 
figures........ii 123,139 

the aurora. Abstract..iv 21 
determining the temperature of the air. 

Abstract. vi 24 
methods of verifying weather predic¬ 

tions. Abstract.vlil 8 
Signal Service bibliography of meteor¬ 

ology. In full.  X 20 
remarks on auroras.i 45 

Stone Mountain earthquake.i 102 
land and sea breezes.ii 18 
the mean terrestrial ellipsoid, the geoid, 

and levelling.  ii 24 
Dakota calendar.ii 93 
polarization of light by a narrow slit...iii 124 
Benjamin Peirce.iv 25 
anomalies of sound.v 37 
deflection of rivers.vii 23 

report as treasurer..v 17G, 180, vi xxii, vii xxiv 
Abbe de I’Epee’s instruction of the dumb..vi 63 
Abbe, Prof. E., Apertometer of..iii 18 

cited on microscopy.iii 20 
Abbey, Westminster S., letter on a fish found 

on the Florida coast. Bead by C. Abbe. 

No abstract.ii 202 
Abel’s researches in elliptic integrals.vii 106 
Achromatic objective.iii 65 

Page. 
Achromatic objectives. Corrections of..iii 3^ 
Acoustic investigations by Joseph Henry..ii 344 
Acoustics, List of papei’s on: 

, on phenomena of sound and experiments 
^ . with tuning forks. J. Henry. Title 

only...i 22 

on sound in relation to fog-signals, from 
investigations under the direction of 
the U.-S. Light House Board. J. Henry 

' In full...i 65, ii (45) 
recent experimental researches in acous¬ 

tics, by Prof. A. M. M.ayer. J. E. Hil- 
gard. Title only.....I 90 

experiments on fog signals during the 
past summer. J. Henry. Title only...i 90 

[letter on fog-signals.] J. Tyndall. Com¬ 
municated by J. Henry. No abstract...i 91 

' on audition. J. Henry. Title only.ii 22 
on fog-signals and abnormal conditions of 

sound. J. Henry. Reference....ii 37 
sound in connection with fog signals. J. 

Henry. Reference.ii 57 
acoustic refraction. W. B. Taylor. Ab¬ 

stract.ii 57 
an account of researches on sound in its 

application to fog-signals. Annual ad¬ 
dress, 1875. J. Henry. Reference.ii 60 

exhibition of a telaphon. E. Gray. Ab¬ 

stract. ii 67 
' [fog-signals.] J. Henry. Abstract.ii 85 

the telephone. A. G. Bell. Abstract.ii 103 
comments on the telephone. E. B. Elliott. 

Title only.,..ii HI 
[scientific method and its application to 

acoustic researches in connection with 
fog signals.] Annual address, 1877. J. 
Henry. In full.ii 162 

(117) 



118 PHILOSOPHICAL SOCIETY OP WASHINGTON. 

Page. 
Acoustics, List of papers on—Continued, 

the telephote. E. B. Elliott. Abstract.l92 
musical intervals. E. B. Elliott. Ab¬ 

stract.   il 199 
binaural audition. A. G. Bell. Abstraet..iil 68,69 
the spectrophone. A. G. Bell, In full. 

Plate.iv 142 
upon a modification of Wheatstone’s mi¬ 

crophone and its applicability to radio- 
phonic researches. A. G. Bell. In full. 

Plate.Iv 183 
recent investigations by the Light House 

Board on the anomalies of sound from 
fog-signals. A. B. Johnson. In full. 

2 maps, 1 figure.v 23 
anomalies of sound signals. J. C. Welling. 

In full.V 39 
the difficulty in determining the direction 

of sound, A.B. Johnson. AbstracL.vliill, 12 
the mechanism of “clicks” and “clucks.” 

A. G. Bell. Title only.viii 18 
Action at a distance.v 156 
Adams, Prof. Carl, cited on Malfatti’s prob¬ 

lem .11 118 
^dam.s, Prof, W. G., cited on electric resist¬ 
ance.Iv 154 

\ddress of chairman of Mathematical Sec¬ 
tion .vl 117 

of President Henry, 1871.1 v, 34 
Henry, 1875.11 60 
Henry, 1877 .11 162 
Newcomb, 1879.Ill 52 
Newcomb, 1880.  Iv 40 
Woodward, 1881.v 49 
Taylor, 1882..,..v 126 
Powell, 1883.vl xxvii, 110 
Welling, 1884.vll xxix, 81 
Hall, 1885. vlll xxxiii, 30 
Billings, 1886 .lx xxxv, 46 
Harkness, 1887.x xxxvii, 39 

of retiring president. Resolution concern¬ 
ing.Iv 30 

on the life and character of Joseph Henry, 
11 203, 368, 370 

Adhesion and cohesion.v 136 
Adirondack region. Proposed reservoirs in 
the.11 67, 82 

Adjustment of conditioned observations,vlll 41 
of the calendar.11 59 

Administration of scientific work.lx xliii 
Adulteration of food.Iv 39 
Aerolite. See Meteor. 

Agassiz, Louis, Announcement of death of..l 93 
Resolutions on death of......1 95 

Agricola, Georg, cited on mineralogy.1 77 
Ague, Conservative function of.vl 5 

Page. 
Air, Contamination of.iv .37 
Alaska, Discoveries in.Iv 163 

Glaciation in.vl 33, x 15 
Results of travels in.1 22 
Value to the United States of.1 25 

Alaska-Siberia boundary.Iv 123 
Albertype process of photo-engraving.1 42 
Aleutian Islands, Shell heaps of..11 65 
Alexander, Stephen, communcation on the 

zodiacal light. Read by J. E. Hilgard. 

In full, 9 figures.1105, (19) 
Algebra, Logical.1 88 

Algorithm of the .arithmetico-geometric 
mean.vll 102 

Alignment curves on any surface.vl 123 
Allard, M. E., cited on the light-house service 

of the United States.Iv 138 
Alluvial basin of the Mississippi.1 (10) 
Alphabet, Phonetic.  lx 17 
Altitude of the Caspian and Aral seas.11 34 
Altitudes deduced from combination of rail¬ 

road levellings.11 23 
Alvord, Benjamin, cited on gravitation form¬ 
ula.vlll 40 

communication on the habitability of the 
elevated plateaus of the west. Title 

only.   1 74 

the recent earthquakes in North Caro¬ 
lina. Abstract.1 101 

the mortality among army officers. Ref¬ 

erence.11 49 
proposed governmental insurance. No 

abstract.11 49 

a trigonometrical formula. Title only...\.i 104 
the intersection of circles and the inter¬ 

section of spheres. Title only.11 198 
new points respecting the intersections 

of circles and the intersections of 
spheres. Title only.11 201 

life and work of Joseph Henry. In 

full. 11 370 
a curious fallacy as to the theory of grav¬ 

itation. Infull.V 85 
some of the properties of Steiner’s power 

circle. Title only.v 89 
the compass plant. Reference.v 106 
a special case in maxima and minima. 

Abstract. 149 
Death of.. .... vll 72, 127 
List of mathematical papers by... 128 
Memorial to. 127 
remarks on Lake Bonneville. .11 103 

Benjamin Peirce. ..Iv 23, 24 
Arkansas bonds.. 105 
agricultural colleges. 106 

Amendment to constitution. ...lx 47, X 39 



INDEX TO VOLUMES I-X. 119 

Page. 

Amendment to standing rules,...lii 149, iv 

xi, 38, vlii X, xi 

American Academy of Arts and Sci¬ 
ences..viii xxxvi 

American Association for the Advancement 
of Science.viii xxxix 

American Philosophical Society.viii xxxiv 
American scientific societies.viii xxxiii 
Ampere, Law of.v 139 
Anal notch in Pleurotomaria.iii 70 
Analysis of meteorite.vii 32 
Anatomy and Physiology, List of 

papers on: 
on the alleged hermaphrodite described 

by Drs, Accly, Blackman, and Jackson. 
J. J. Woodward. Abstract and reference.i. 24 

on the fluctuations of the temperature of 
the human body. B. F. Craig. Ref¬ 

erence.1 31 
on fractures of the inner table of the cra¬ 

nium. G, A. Otis. Title only.i 73 
[letter on autopsy of Agassiz.] Dr. Jack- 

son. Communicated by J. J. Woodward. 

No abstract...i 93 
on the similarity between the red blood- 

corpuscles of man and those of certain 
other mammals, especially the dog; 
considered in connection with the di¬ 
agnosis of blood-stains in criminal 
cases; J. J, Woodward. Abstract and 
reference.ii 20 

explanatory note in regard to the diagnosis 
of blood-.stains. J. G. Richardson. 
Communicated by J. J. Woodward. Ref¬ 

erence.ii 41 
the conservative element in disease. A. 

F. A. King. Abstract.ii 111 
the conservative influence of disease as 

illustrated in the phenomena of pul¬ 
monary phthisis. A. F. A. King. Ab¬ 
stract.ii 124 

the influence of the cardiac and respiratory 
movements upon the motion of the 
lymph. S. C. Busey. Abstract and ref¬ 
erence.ii 133 

asymmetry in the form of the human cra¬ 
nium. C. A. White. Title only.ii 190 

the physiology of civilization. H. Reed. 
Title only. iii 20 

color perception and color blindness, S. 
M. Burnett. Abstract and reference...W 54 

on the influence of the constant use of 
high-heeled shoes upon the health and 
form of the female, and upon the rela¬ 
tion of the pelvic organs. S, C. Busey. 
Abstract.......v 117 

Page. 
Anatomy and Physiology, List of 

papers on—Continued, 
modern ideas of brain mechanism. F. 

Baker. Title only.viii 17 
Anaxagoras’ philosophy.vii xxxii 
Andromeda, New star in.ix 14 
Animal population of the globe..iv 27 
Annual address. See Address. 
Annual meeting. See Election of officers and 

Address. 
Anomalies of sound from fog-signals.v 23, 39 
AnthropologicalSociety of Washington .x 46 

Invitation from.viii 5, ix 15, x 6 
Anthropological work of the Smithsonian 

Institution. ii 299 
Anthropology, List of papers on. (See, 

also. Archaeology.) 
on the characteristics and zoological rela¬ 

tions of man. T. Gill. Abstract....i 24 
on the mythology of the Numas. J. W. 

Powell. Reference.i 96 
on the genesis and demonology of the 

Numa tribe of Indians. J. W. Powell, 
Reference. 1 104 

a calendar of the Dakota Indians. G. Mal- 
lery. Abstract and reference.ii 90 

the philosophy of the North American In¬ 
dians. J. W. Powell. Title only..i.\. 109,110 

some common errors respecting the North 
American Indians. G. Mallery. Ab¬ 
stract and reference.it 175 

poisons among the North American In¬ 
dians. J. W. Powell. Abstract.ii 182 

the use of poisoned arrows bv North Amer¬ 
ican Indians. E. Coues and W. J. Hoff¬ 
man. Title only.ii 183 

the evolution of language, J. W. Powell. 
Title only.ii 199 

the progressive dispersion of mankind 
over the surface of the earth. A. Win- 
chell. Title O'dy.iii 32 

the future of the human race regarded 
from the standpoint of evolution, S. 
Newcomb. Presidential address. Title 
only.iii 52 

on the gentile system of the Omahas. J. 
O. Dorsey, In full; ^figures.iii 128 

comparison of written language, with that 
which is spoken only. O. T. Mason. 

Abstract.iii 139 
limitations to the use of some anthropo¬ 

logic data. J. W. Powell. Refer¬ 
ence.iv 134 

the three methods of evolution, J. W. 
Powell. Presidential address. In full. 

vi xxvii, 110 
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Page. 
Antliropology, List of papers on—Cont’d. 

composite photography applied to erani- 
ology. J. S. Billings. Abstract.vii 25 

natural naturalists. W. Matthews. Read 
by J. S. Billings. Abstract.vii 73 

mythological dry paintings of the Navajos. 
W. Matthews. Abstract.viii 14 

anthropometric and reaction time appa¬ 
ratus. J. S. Billings and W. Matthews. 
Abstract.viii 25 

two examples of similar inventions in areas 
widely apart. O.T. Mason. Abstract-vx. 12 

customs of every-day life. G. Mallery. 
Abstract.   ix 19 

bowyers and fletchers. O. T. Mason. Ab¬ 
stract.   ix 44 

counting out rhymes of children; their 
antiquity, origin and wide distribu¬ 
tion. H. 0. Bolton. Reference.x 13 

Anticlinal and synclinal axes.ii (22) 
Antisell, Thomas, communication on dust 

from Armenia. No abstract.i 25 
meteorologj’’ of Japan. Title only.i 70 
visit to Japan. No abstract.ii 84 
terrestrial geogony. Title only..ii 132,133,134 
temperatures of the Pacific Ocean. Ab¬ 

stract .ii 192 
chemical molecular changes. Title 

only .iii 28 
the building up of organic matter. Title 

only..    V 97 
remarks on waterspouts. ii 104 

faunal accommodatiun.ii 181 
poisoned arrows.  ii 183 
vegetation and environment.ii 183 
Wasatch fault.ii loG 
ravages of teredo.  ■%- os 

artesian water on the Plains.v lol 
thermometer exposure. vi 47 
dissociation.vii IG 

volcanic dust.vii 20, 2.5, 2G 
cause of thunderstorms.viii 11 
odor.viii 27 

Antlers, Morphology of.;.ii I.35 

Apertometers.iii 18 

Aphakia.vi 5 

Appalachian mountains.iv GO 
topography.  ix 22 

Apparatus, Base-line.iii 35 

for examination of the eye.iii 53 
for exhibiting local time at all points of 

the globe.iii 107 
for viewing the sun by light of an\' desired 

wave length. x 13 
to facilitate “sweeping”.iii 142 

Apples, Problem of rotten and wormy.*....x 87, 89 

Page. 
Applied science. Plea for.vii 11 
Approximate quadratures.ii 48 

Aral sea. Altitude of.ii 34 

Archaeology, List of papers on :. 
[exhibition of] archseological specimens. 

O. T. Mason. Title only.ii 43 

the classification of objects of archaeology. 
O. T. Ma.son. Title only.ii .50 

remarks on the Pap3u-us Ebers. J. J. Wood¬ 
ward. Abstract.ii g4 

the succession of the strata of the shell- 
heaps of the Aleutian Islands. W. H. 
Dali. Abstract.ii g5 

the international symbols for charts of pre¬ 
historic archaeology. O. T. xVIason. 
Abstract.ii 71, 72 

prehistoric copper. J. D. Butler. Title 
only.ii 185 

the fresh-water shell-heaps of the interior 
rivers of North America. C. A. White. 
Title only.iii 32 

the decipherment of some Aztec monu¬ 
ments lately discovered in Guatemala. 
O. T. Mason. Title only.iii 37 

Arctic exploration.i 92, ii 89, ix 8 

Argentine coinage.ii 65, iii 38 
Aristotle cited on atoms.vii xxxii 
mineralogy.i 77 

Arithmetic, Binary. vi 3, 38 
Arizona, Physical features of......i 54 

Volcanic activity in.i 99 

Arm\" and Navj’’ officers as scientific admin¬ 
istrators.ix xlix 

officers, Mortalitj' among.ii 49 

Medical Museum.ix 35 

Medical Museum building.x 10, 31 
Arrow, Sir F., cited on phenomena of sound. 

ii (49), (50) 
Arrows, Poisoned..ii 180, 182 
Artesian well with ge\^ser action.i 103 

wells on the Great Plains.v 101 

Arts, Evolution of.vi xlviii 
AssembU'' Hall of Cosmos Club.x 10, 31 
Association ratios...x 83, 94 
Astigmatism. vi 4 

Focal lines in.vi 45 
Astronomy, List of papers on. (See also 

Calendars): 
on the elements of the Comet 1,1871. A. 

Hall. Communicated by B. F. bands. 
Abstract.i 23 

on two immense meteorites at Conception 
and San Gregorio, Mexico. H. B. 
Butcher. Reference.  i 24 

on astronomical photograph}-. A. Hall. 

Abstract and. reference.. i 28 
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Page. 
Astronomy, List of papers on—Cont’d. 

on the transits of Venus, past and future. 
S. Newcomb. Title only.i 29 

on the heat of the sun. B. Peiree. Ab¬ 
stract...'.i 31 

on the physical constitution of the co¬ 
rona of the sun. W. Harkness. Refer¬ 
ence .i 31 

on the spectrum of Enck^’s comet and 
the appearence of Tuttle’s comet. W. 
Harkness. Reference.i 34 

'on the astronomical proof of the existence 
of a resisting medium in space. A. 
Hall. Reference.i 34 

[on the spectrum of Encke’s comet.] \V. 
Harkness. Reference.i 34 

on the appearance of Encke’s comet as 
seen at Harvard College observatory. 
C. S. Peirce. Reference.1 35 

•on the density of the hypothetical resist¬ 
ing medium in space. W. Harkness. 
Reference...,...   i 39 

on the possibility of a universal atmos¬ 
phere. S. Newcomb. Title only.i 52 

on the discovery of new planets having 
especial reference to the asteroids. J. 
C. Watson. Title only.i 53 

[letter on solar eclipse.] Capt. Tupman. 
Communicated by W. Harkness.. No ab¬ 
stract.i 56 

[letters on Cordoba Observatory.] B. A. 
■ Gould. Communicated by J. H. C. Coffin 
and J. J. Woodward. No abstract.;..i 57 

on the determination of the errors of a 
provisory catalogue of fundamental 
stars. O. Stone. Title only.1 02 

on the px’ogress of the construction of the 
new telescope for the Naval Observa¬ 
tory. S. Newcomb. Reference.i 62, 03 

■on our present knowledge of the planet 
Jupiter. W. B. Taylor. Title only.i 62 

maps prepared by G. W. Hil! for use in 
connection with the transit of Venus 
in December, 1874. J. H. C. Coffin. 
Reference.  i 63 

■on stellar photometry. (\ S. Peirce. Ref¬ 
erence.i 63 

the proceedings of the commission to 
arrange for the observation of the next 
transit of Venus. S. Newcomb. Title 
only....i 65 

a comparison of the thermometers used 
to determine the correction for at¬ 
mospheric refraction at the U. S. 
Naval Observatory. J. R. Eastman. 
Abstract.1 68 

Page. 
Asti'OMomy, List of papers on—Cont’d. 

on the results of astronomical observa¬ 
tions at Sherman Station, Wyoming 
Terr. R. D. Cutts. Abstract and refer¬ 
ence.i 70 

on the theories of the nature of comets' 
tails. B. Peirce. Reference.i 74 

on the general star catalogue prepared 
from the observations at the Naval Ob¬ 
servatory since 1845. M. Yarnall. Ref¬ 
erence.....■..i 74 

on the power necessary to drive the pend¬ 
ulum of an astronomical clock. W. 
Harkness. Title only....i 74 

on a proposed method of observing astron¬ 
omical transits. E. Foote. Title otily..i 75 

the frequency of the occurrence of the 
zero and the nine digits in the tenths 
of seconds from the chronographic 
record of transit observations. J. R. 
Eastman. Abstract.i 85 

[letter on the Cordoba Observatory.] B. 
A. Gould. Communicated by J. J.Wood- 
ward. No abstract.i 83 

[letter on proposed observatory.] J. Lick. 
Communicated by J. Henry. No ab¬ 
stract.i 91 

a detailed account of the construction of 
the lenses and other interesting por¬ 
tions of the largo telescope now estab¬ 
lished at the Naval Observatoiy. A. 
Clark. Title only.,-....a..,...i 92 

on the determination of the personal er¬ 
rors in the observation of astronomical 
transits. J. E. Hilgard. Title only....i 92 

on comets and meteors. A. Hall. Refer¬ 
ence.i 94 

[the meteor of December 24, 1873.] P. 
Parker. No abstract...i 94 

j [letter on the meteor of December 24,1873.] 
B. Hallowell. Communicated by J. 
Henry. No abstract..  i 95 

on the adopted value of the sun’s appar¬ 
ent diameter. E. S. Holden. In full, 
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parties sent from the United States to 
observe the transit of Venus on the 8th 
of Dec’r, 1874. A. Hall. Abstract.1131,32 

[letter on transit of Venus, 1874.] W. Hark- 
ness. Communicated by A. Hall. Ab¬ 
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Jablokoff’s electric candle. J. E. Hilgard. 
Title only.iii 19 

large area illumination by electricity. E. 
B. Elliott. Title only....iii 45 

the storage of electric energy. C. H. Koyl. 
Abstract..v 46 

units offeree and energy, including elec¬ 
tric units. E. B. Elliott. Title only, 

vi 137 
electric lighting. E. B. Elliott. Title only, 

vii 80 
[exhibition of a volt-meter.] T. C. Men¬ 

denhall. Abstract.viii 26 
the electrometer as used in observations 

of atmospheric electricity. C. F. Mar¬ 
vin. Title only.x 9 

the mutual action of elements of electric 
currents. E. B. Elliott. Abstract and 
reference.x 92 

the quotients of space-directed lines. . E. 
B. Elliott. Abstract.x 105,106 

Elements, Periodic law of..vii 15 
Elevation. See Altitude. 
Eliot and Storer, cited on atoms.v 128 
Elliott, E. B., calendar of the Society...vii xxii, 

viii XXX, ix xxvii, x xxxi! 

communication on the statistics of the 
borrowing power of the United States. 
Title only.i 29 

the new coinage of Japan. Title only...i. 31 

the locus of the point of equal illumi¬ 
nation by two unequal lights treated 
by the quaternion analysis. Title only, 

i 35 
the adjustment of census returns. Title 

only.i 63 

life and annuity tables, based on the 
census of 1870. Title only.i 74 

international coinage. Title only.i 75 
change in value of dollar. No abstract, 

i 91 
the credit of the United States, as shown 

by the value of its securities. Title 
only.i 109 
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Page. 

Elliott, E. B., communication on—Cont’d, 
the use of metric weights and balances 

for postal purposes in the United 
States. Abstract......ii 15 

further remarks on metric weights and 
balances for the postal s rvice. Ab¬ 

stract .ii 19 
the transition in Germany, and the 

Scandinavian nations of Sweden, Nor¬ 
way, and Denmark, from the silver 
standard of coinage and money of ac¬ 
count to a gold standard...ii 25 

calendar formulse. Abstract.ii 37 
affected quantities of the first order. 

Title only. ii 42 
the mutual relations as to price of gold, 

silver bullion, silver coin, and green¬ 
backs. Title only. ii 50 

the mutual relation as to price of gold, 
greenbacks, silver bullion, and silver 
coin. Infull.:.ii 52 

adjustment of the calendar'. Abstract..ii 59 
two propositions, now before Congress, 

for changing the coin of the United 
' States. Title only.....ii 68 

force and momentum. Title only.ii 84 
monetary standards. Title only.ii 85 
mutual relations of gold and silver, and 

of prices of commodities. Abstract...ii 87 
the telephone. Title only.ii 111 
a statistical diagram. No abstract .....ii 134 
optional money standards. Title only...i.i 135 

standards of time—international, sec¬ 
tional, and local. Abstract.ii 137 

the telephote. Abstract..ii 192 
musical intervals. Abstract.ii 199 
the adjustment of the Carlisle tables of 

reversions and annuities. Title only..li. 201 
meridional time for railway and tele¬ 

graphic purposes. Abstract.ii 202 
the progress of international coinage in 

France and America. Title only.iii 27 
the subject of international coinage. 

Abstract.iii 38 
large area illumination by electricity. 

Title only.  iii 45 
the silver question. Abstract.iii 103,107 
the construction of the Government 

sinking fund. Abstract.iii 113 
bi-metallism. Abstract...iv 141 
accrued interest on Government secur¬ 

ities. Title only.v 21 
the credit of the United States, past, 

present, and prospective. Title only..-v 102 
some formulae relating to Government 

securities. Title only.v 106 

Page. 
Elliott, E. B., communication on—Cont’d. 
X survivorships, with tables and formulas 

of construction. Title only.v 122 
formulas for. the computation of Easter. 

In full.vi 14 
units of force and energy, including 

electric units. Title only.vi 137 
a financial problem. Title only....vi 149 
electric lighting. Title only.vii 80 
Benjamin Alvord. In full.vii 127 
example illustrating the use of a certain 

symbol in the calculus of aflfeeted 
quantity. Title only.viii 37 

quantity of United States subsidiary sil¬ 
ver coin existing and in circulation. 

Title only.ix 14 
annual profit to banks of national bank 

note circulation. Title only.ix 14 
a problem in probabilities. No abstract, 

X 88 

the mutual action of elements of elec¬ 
tric euri’ents. Abstract and reference..^. 92 

a new computing machine. Abstract..."x. 102 
the quotients of space-directed lines. 

Abstract.x 105, 106 
remarks on auroras.i 45, iv 22 

calendar reform.ii 30 
bimetallism.iii 103 
Benjamin Peirce.iv 24 
small loans by banks. iv 34 
the metric system .vi 4 
standard time.vi 110 
infinitesimals.vi 135 
theory of errors......vi 148 
tornado.vii 3 
sun glows.vii 17 
irrigation.vii 20 
Poole’s enharmonic organ.vii 28 

Elliott, H. W,, communication on the habits 
of the fur-bearing seals of the islands 
of St. Paul and St. George, Behring Sea. 
Reference.i 91 

Elliptic integral of the third species.ix 54 
integrals. vii 102 

Ellis, William, cited on the constant P.x 102 
Emmons, S. F., communication on ore de¬ 

position by replacement. Abstract and 
reference.vi 32 

What is a glacier? Abstract.vii 37 
remarks on glaciers.vii 9 

Emmons’ Taconic system ..x 5 
Encke’s comet.i 34, 35 
Endlich, F. M., communication on mineral 

systems. In full ....i 77 

electrical phenomena in the Rocky 
Mountains. Title only.i 95 
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Page. 
Endlich, F. M., communication on—Cont’d. 

two bricks from the great wall of China. 
Title only.i 98 

specimens of meteoric iron from Chi¬ 
huahua, Mexico, and the structure of 
meteorites in general. Title only.1 98 

the occurrence of pure tellurium in cer¬ 
tain gold mines of Colorado. Title 
only .  i 101 

the coloring agent of gems. Abstract, 
ii 31 

some interesting cases of metamor¬ 
phism. Title only. iii 27 

remarks on the glacial period.li 36 
Endowment of research.•viil xli 
Energy.vii G1 

Conservation and dissipation of.i 27 
Engelman, Dr. G., cited on Quercus.iv 110 
English sparrow question.x 16 
Entomology. See Zoology. 
Eotvos, cited on sounds produced by me¬ 

teors.ii l‘)7 
Epicurus cited on philosophy.vii xxx 
Erie, Altitude of Lake.ii 23 
Erosion as related to displacement.ii 75 

by drifting sand.... .  i 57 
Errata.ii p. 4 of cover, iii 148, vi 162, x 114 
Errors, Composition of.v 106 

respecting the North American Indians..!! 175 
Theory of.vi 138,152 

Eruption, Latest, in Northern California, 
ix 46 

Theories of.vi 87 
Eskimo shell heaps..  ii 65 
Estimation of manganese as pyrophosphate, 

ii 132 

Ether, Hypothesis of an.vi xxix 
Ethnology. See Anthropology. 
Eucalyptus on the Roman campagna.vi 36 
Euler ignored by Am. Phil. Soc.viii xxxvii 

Euler’s theorem.x 101 
Eulogy on A. D. Rache.i 35 

A. A. Humphreys.vii 4 
Evolutes.vii 87 
Evolution and phthisis.ii 125 

Methods of.vi xxvii 
of the bow and arrow.  ix 44 
elements.vii 16 

Expansion and buckling of ice fields.li (22) 
Experimentation.li 163, vii li 
Explosion at Flood Rock,„.viii 28 
“ Explosion” of meteor explained.;.ii 143 
Exposure of thermometers.vi 46, vii 80 
Eye, Optical defects of.... i 22 
Eyes, Apparatus for testing....iii 53 

shining in the dark.vii 13 

Page. 
Palconidse, Natural arrangement of.ii 41 
Fall line.ix 23 
Fallacies concerning the deaf.vi 48 
Fallacy as to the theory of gravitation.v 85 
Faraday, cited on matter.vii 48 
Farquhar, Edward, cited on personal vocab¬ 
ulary.ii (18) 

communication on certain remarkable 
effects of lightning. Read by Joseph 
Henry. Title only.i 42 

dreams in their relation with psychol¬ 
ogy. Abstract.vi 37 

remarks on the aurora.iv 22 
tornadoes.vii 3 
thunder storms.viii 11 
determining the direction of sound..viii 13 

Farquhar, Henry, communication on exper¬ 

iments in binary arithmetic. Abstract, 
V 125, vi 3 

further experiments in binary arith¬ 
metic. Abstract.vi 38 

form of least-square computation. In 
fall.vi 150 

the problem discussed bi' Mr. Alvord. 
Abstract.vi 152 

the theoretical discussion in Prof. P. G. 
Tait’s “Encyclopedia Britannica” 
article on mechanics. Abstract.vii 29 

empirical formulae for the diminution 
of amplitude of a freely-oscillating 
pendulum. Abstract.vii 89 

a Fonetic ^Ifabet. Abstract.ix 17 
a comparison of the Boss and Auwers 

declination standards. Abstract and 
reference.ix 53 

a problem in probabilities. Abstract...'s. 88 
a solution and generalization of a prob¬ 

lem requiring the division of a rec¬ 
tangle into parts which form a square. 
No abstract.  x 96 

remarks on standard time.v 114 
infinitesimals.vi 135 
drifting buoys.vii 15 
earth tremors.viii 28 

Fault at the base of the Wasatch Moun¬ 
tains.ii 103 

near Harper’s Ferry.vi 30 
scarps.ii 195 

Faults, Geologic.ii 75, 76 
in the Sierra Nevada......ix 4, 5 
of the Great Basin.ix 5 

Ferguson, J., observation of supposed trans- 
Neptunian planet.iii 20 

Ferrel, William, cited on deflection of rivers 
by rotation.vii 22 

law of storms.i lOO 
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Page. 
Ferre], ■William, cited on—Cont’d. 

thermometry. vi 25 
communication on the effects of winds 

and barometric pressure on the tides 
of Boston, and on the mean level of 
the sea. Abstract and reference.i 53 

the law connecting the velocity and di¬ 
rection of the wind with the baro¬ 
metric gradient. Abstract..i 106 

the conditions determining tempera¬ 
ture. In full...V 90, 91 

solar radiation at Sherman, Wyoming. 
Title only.v 101 

Feuerbach’s circle.viii 45 
Finance. See Political Economy. 
Financial problem.vi 149 
Fish, Decrease of, on the southern coast of 

New England.i 52 
fauna of Massachusetts.1 29 
New species of.ii 182 
Remarkable ingestion of..iii 116 

Fishes, Shoulder girdle of.i 64 
Fisheries exhibitions.vii 26, x 56 

of the world.v 117 
Fishery Commission’s work.x 52, 69 

right treaties. Interpretation of..1 39 
Fletcher, Robert, communication on recent 

experiments on serpent venom. . Ref¬ 
erence .vi 38 

report as treasurer.vii 82, viii xxviii, .31, ix 
XXX, 47, X xxxiv, 39 

Fletchers and bowyers.ix 44 
Flexures of transit instruments.viii 27 
Flint, A. S., communication on the most 

probable value of the latitude and its 
theoretical weight from entangled ob¬ 
servations occun ing in the u e of Tal- 
cott’s method. Abstract.x 91 

Flora of Laramie group.viii 17 
Roan Mountain.iv 63 
Washington and vicinity.iv 64 

Floras of America and Japan.ii 42 
different regions compared.iv 99 

Florida expedition for observation of the 
transit of Venus.vi 21 

Submergence of.iv 53 
Flood Rock explosion.viii 28 
Focal lines in astigmatism.vi 45 
Fog signals and acoustics.ii 37, 57, 60, 167, 345, 

^ (45), iv 135, V 23, 39 
Food adulteration.iv 39 
Foote, Elisha, communication on the laws of 

condensation of aqueous vapor in the 
atmosphere. Title only.i 74 

a proposed method of observing astro¬ 
nomical transits. Title only.i 75 

Page. 
Foote, Elisha, communication on—Cont’d, 

some causes that produce rain. Title 
only..i 98 

the causes of electrical developments in 
thunder storms. Abstract.ii 189 

Death of..rvi 48 
Force.i 27, v 126, vi xxviii, vii 47 

and life.v 57 
matter.vii 30 

Forecasts, verification of.viii 8 
Formula for the length of a seconds-pendu- 
lura.vii 101 

Formulae for area of a plane triangle.viii 37 
diminution of pendulum swing.vii 89 

Fort Yukon, Determination of position of...i 22 
Fossil plants. Distribution of.x 28 

from Alleghany Co.,Va.'..ii (26) 
Fossils in aerolites.v 66 
Foster, M., cited on muscular contraction,.v 60 

nerve currents.v 62 
Fourier, cited on the temperature of spaee..ii 73 
Forshey, C. G., communication on the allu¬ 

vial basin of the Mississippi river 
styled the delta. In full.i 98, (10) 

Frank, F., cited on brain temperatures.v 76 
Franklin’s scientific work.viii xxxv 
Free will.iv 46 
Fremont, Dr. H. F., Researches on inocula¬ 

tion of diptheria by.iv 38 
Frisby, E., communication on a series for 

the determination of the number ex¬ 
pressing the ratio of the circumfer¬ 
ence to the diameter. In full.i 57 

a Gregorian calendar. Abstract.i 75 
series. Title only.ii 193 

the total solar eclipse of January 11th, 
1880. Abstract.iii 121 

magic squares. Abstract. 6 figures...Hi 143 
the orbit of Swift’s comet. Abstract...i^r 59 

remarks on calendars.ii 38 
Frost limits in North Carolina.vi 11 
Fundamental distance in thermometry....ix 27 
Fungi, Microscopic.i 42 

Grale, L. D., communication on the cause 
and remedy of the potato rot. Title 
only.i 97 

the geology of the lignite formation, 
and on a hitherto undescribed de¬ 
posit discovered in 1834 in New York 
bay. Title only.i 106 

the failure of the wooden pavements of 
Washington City. Abstract.ii 26 

the climate of plants. Abstract.ii 183 
remarks on the bowlders of Long Island..ii 27 
Death of..vi 48 
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Galen, cited on life.v 51 
Galileo, cited on Saturn’s rings.vi 44 

Gallaudet, E. M.. communication on uncon¬ 
scious cerebration. Title only.li 48 

the international convention of the 
teachers of the deaf and dumb, at 
Milan. Abstract.iv 55 

remarks on gesture language and visible 
speech.  -vi 77 

Gamgee, A., cited on muscular contrac¬ 
tion.V 59, 60 

nerve currents.v 62 

Gardner, J. T., communication on the use of 
railroad levellings in determining ele¬ 
vations on the great lakes and rivers 
in the United States and in the Rocky 
Mountains. Abstract and reference...ii 23 

Gases, Theory of..v 138 
Gauss, cited on computation of tt.i 59 
Gauss’ algorithm.  vii 102 

method for computirtg variation of ele¬ 
ments of an orbit.vlii 41 

transformation.vii 110 
Gay-Lussac, Law of.v 139 

Gems, Coloring agent of.ii 31 

General committee rules. See Standing 
Tillies. 

Gentile system of the Omahas.iii 128 

Geographical distribution of mammals.ii 26 

terms and fishery treaties.i 39 

Geography, List of papers on (see also 
Oceanography and Seismology): 

official report of the Yellowstone expedi¬ 
tion of 1870. G. C. Doane. Communi¬ 

cated by S. F. Baird. Reference....i 21 

[exhibition of map of the headwaters of 
the Yellowstone and Lewis rivers ] M. 
C. Meigs. No abstract.i 21 

[geographical centre of the United States.] 
J. E. Hilgard. Abstract.i 22 

on the results of travels in Alaska and the 
determination of the position of Fort 
Yukon. C. W. Raymond. 'Communi¬ 
cated by T. L. Casey. Reference.....i 22 

[exhibition of dust from Armenia.] T. 
Antisell. No abstract...i 25 

on the relative value of Alaska to the 
United States, as compared with that 
of other territorial acquisitions. W. 
H. Dali. Abstract and reference.i 25 

on the distribution of the population of 
the United States. J. E. Hilgard. Title 

only.i 29 
on observations made on a journey to Cali¬ 

fornia. J. Henry. Title only.i 31 

^ ^ Page. 
Geography, List of papers on—Cont’d. 

on the westward movement of the popula¬ 
tion of the United States. J. E. Hil¬ 
gard. Reference.i 35 

on the misapplication of geographical 
terms, as bearing especially on the 
question of the fishery right treaties. 
R. D. Cutis. Abstract.i 39 

recent explorations in Syria under the 
auspices of the Palestine exploration 
fund. Prof. Porter. Title only.1 54 

^ on certain recent geological and geograph¬ 
ical researches in Arizona and Nevada. 
G. K. Gilbert. Abstract. .i 54 

[a visit to Egypt.] W. T. Sherman. No 
abstract...i 63 

on the fluctuations of the river Nile. J. 
Henry. Title only.i 63 

[letter on the Hayden Survey.] J. Curtis. 
Communicated by E. B. Elliott. No ab 
stract.i 63 

on some measurements of heights by a 
pocket aneroid. W. Hark ness. Title 
only.i 64 

[on the Goldschmidt aneroid barometer.] 
J. E. Hilgard. No abstract..i 65 

[travels in Turkey and the Caucasus.] W. 
T. Sherman. No abstract.i 65 

on the proceedings of the International 
Metrological Commission. J. E. Hil¬ 
gard. Title only.1 68 

on the habitability of the elevated plateaus 
of the West. B. Alvord. Title only...\ 74 

on the use of the canons of the Colorado 
for weighing the earth. G. K. Gilbert. 
Title only.i 88 

on the recent determination of the longi¬ 
tude between Paris and Greenwich. 
J. E. Hilgard. Title only..i 89 

on some of the results of the Polaris North 
Pole Expedition. E. Bessels. Refer¬ 
ence.T..i 92 

a method of describing and locating with 
ease the approximate positions of geo¬ 
graphical regions. J. M. Toner. Title 
only.i 97 

on two bricks from the great wall of China. 
F. M. Endlich. Title only.i 98 

on the alluvial basin of the Mississippi 
river styled the delta. C. G. Forshey. 
In full...i 98 (10) 

on the use of railroad levellings in deter¬ 
mining elevations on the great lakes 
and rivers in the United States and in 
the Rocky Mountains. J. T. Gardner. 
Abstract and reference.ii 23 
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Oeograpliyy List of papers on—Cont’d. 
on the geographical distribution of mam¬ 

mals. T. Gill. Abstract.ii 26 
on the movements caused in large ice¬ 

fields by expansion and contraction, 
as illustrative of the formation of anti¬ 
clinal and synclinal axes in geological 
formations. M. 0. Meigs. In full. 4 
figures.ii 33, (22) 

on the Uintah Mountains. J. W. Powell. 

Title only.ii 34 
the results of a recent determination of 

the elevation of the Caspian and Aral 
seas. A. WoeikofF. Abstract.ii 34 

account of progress of the International 
Metrical Commission. J. E. Hilgard. 
Title only.ii 41 

the measurement of a base-line for the 
primary triangulation of the United 
States Coast Survey near Atlanta, 
Georgia. J. E. Hilgard. Abstract and 
reference.ii 50 

the watershed of the Adirondack region. 
F. F. Judd. Abstract.ii 67 

[voyage of the U. S. S. Swatara.] W., Hark- 
ness. No abstract.ii 68, 69 

Japan. H. Capron. Title only.ii 79 
the Adirondack watershed. F. F. Judd. 

Abstract.ii 82 
the deviations of the plumb-line as deter¬ 

mined in the survey of the 49th paral¬ 
lel of latitude. F. V. Greene. Ab¬ 
stract and reference..ii 82 

[route for] the interoceanic canal tlirough 
Nicaragua. F. P. Lull. Title only...ii 83 

[visit to Japan.] T. Antisell. No abstract, 
ii 84 

the late English polar expedition. E. 
Bessels. Abstract.ii 89 

a special method of barometric hypsome- 
try. G.K. Gilbert. Abstract..'...ii 131 

standard scales or measures of length. J. 
E. Hilgard. Abstract.ii 136 

a proposed new leveling instrument. G. 
K. Gilbert. Abstract.ii 184 

the recent history of Great Salt Lake. G. 
K. Gilbert. Abstract.ii 187 

the lands of the arid region of the United 
States. J.W. Powell. Abstract.ii 189 

on the Kanab base line, and a proposed 
new method of base measurement. 
G. K. Gilbert. Abstract..lii 34 

the secular change in the magnetic decli¬ 
nation in the United States and at some 
foreign stations. C. A. Schott. Ab¬ 
stract. iii 45 I 

Page. 
Geography, List of papers on—Cont’d. 

[Luray cave.] J. W. Chickering. Title 
only.iii 65 

on the boundary line between Alaska and 
British America. W. H. Dali. Title 
only.iii 77 

a model of the basin of the Gulf of Mexico. 
J. E. Hilgard. Abstract.iv 52 

notes on Roan Mountain, North Carolina. 
J. W. Chickering. In full.iv 60 

the scenery of the Grand Caiion district. 
C. E. Dutton. Title only.iv 120' 

the Vermilion Cliffs and the valley of the 
Virgen, in Southern Utah. C. E. Dut¬ 
ton. Title only.iv 122 

boundary line between Alaska and Siberia. 
M. Baker. In full. Map.iv 123 

recent discoveries in Alaska north of Behi’- 
ing strait. W. H. Dali. Abstract.iv 163 

on barometric hypsometry. G. K. Gilbert. 
Reference.v 43 

alignment curves on any surface, with 
special application to the ellipsoid. C. 
H. Kummell. Abstract. A figure.vi 123 

graphic tables for computing altitudes 
from barometric data. G. K. Gilbert. 
Reference..vi 130 

the existing glaciers of the High Sierra of 
California. I. C. Russell. Abstract and 
reference, ^figures.vii 5 

some physical and economic features of 
the Upper Missouri system. L. F. 
Ward. Reference.vii 25 

the diversion of water courses by the rota¬ 
tion of the earth. G. K. Gilbert. Ab¬ 
stract and reference.vii 21 

What is a glacier ? Symposium. Ab¬ 
stract .vii 37 

a concrete problem in hydrostatics. G. K. 
Gilbert. Abstract.vii 92 

a formula for the length of a seeonds- 
pendulum. G. W. Hill. Reference, 

vii 101 
discussion of a concrete problem in hydro¬ 

statics proposed by Mr. G. K. Gilbert. 
R. S. Woodward. Title only.vii 101 

variations of latitude. A. Hall. Abstract 
and reference.viii 15 

distances on any spheroid. C. H. Kum¬ 
mell. Abstract and reference.viii 52 

some practical features of a field time de¬ 
termination with a meridian transit. 
R. S. Woodward. Abstract.viii 55 

Lieutenant Lockwood’s expedition to 
farthest north. G. E. Curtis. Ab¬ 
stract.  ix 3 



140 PHILOSOPHICAL SOCIETY OF WASHINGTON. 

Page. 
Creograpliy, List of papers on—Cont’d. 

on the changes of terrestrial level surfaces 
due to variations in distribution of 
superficial matter. R. S. Woodward. 
Reference...ix 15 

the physical-geographical divisions of the 
southeastern portion of the United 
States and their corresponding topo¬ 
graphical types. G. Thompson. Ab¬ 
stract.ix 22 

on the position and shape of the geoid as 
dependent on local masses. R. S. 
Woodward. Reference.ix 53, 54 

the topography and geology of the Cross 
Timbers of Texas, R. T. Hill. Read 
by W J McGee. Reference.x 6 

the topography and structure in the Bays 
Mountains, Tennessee. B. Willis Ref¬ 
erence.X 7 

development of a perspective map from a 
contour map. B. Willis. Title only...-x. 9 

[exhibition of a new plane table.] W. D. 
Johnson. No abstract.x 9 

Mt. Rainier and its glaciers. B. Willis. 
Abstract.x 10 

What is a topographical map? M. Baker. 
Abstract.x 11 

What is topography? Symposium. Ab¬ 
stract.X 14 

the Muir glacier, Alaska. J. W. Ohicker- 
ing. Title only.x 15 

South Florida notes. W. H. Dali, Title 
only.X 16 

the progress of science as exemplified in 
the art of weighing and measuring. 
W. Harkness. Presidential address. In 
full.X xxxvii, 39 

the most probable value of the latitude and 
its theoretical weight from entangled 
observations occurring in the use of 
Talcott’s method. A. S. Flint. Ab¬ 
stract...X 91 

Geoidal deformation by local masses 
vii 92, 101, ix 15, 53 

CSeology, List of papers on. (See also Seis¬ 
mology.) 

remarks on the structural geology of the 
valley of the Colorado of the West. J. 
W. Powell. Abstract..i 48 

on certain recent geological and geograph¬ 
ical researches in Arizona and Ne¬ 
vada. G. K. Gilbert. Abstract.i 54 

on sand sculpture in the West. G. K. Gil¬ 
bert. Abstract.i 57 

descriptions of new species of fossil plants 
from Alleghany County,Virginia; with 

Page. 
Geology, List of papers on—Cont’d. 

some remarks on the rock seen'along 
the Chesapeake and Ohio railroad, 
near the White Sulphur Springs of 
Greenbrier County,West Virginia. F. 
B. Meek. In full 2 plates.i 62, ii (26) 

on the causes of the elevations and ;5ub- 
sidences of the earth’s surface. C. E. 
Dutton. Title only.i 74 

on the glacial epoch in Utah and Nevada. 
G. K. Gilbert. Abstract.i 84 

on geological time. C, E. Dutton. Title 
only.i 89 

on Mallet’s theory of the formition of 
the physical features of the earth. C, 
E, Dutton. Title only.i 90 

on the recent earthquakes in North Caro¬ 
lina. B. Alvord. Abstract.i 101 

on a cold geyser or intermittent artesian 
well in Ohio. G. K. Gilbert. Abstract, 

i 103 
on the geology of the lignite formation, 

and on a hitherto undescribed deposit 
discovered in 1834 in New York bay. 
L. D. Gale. Title only.i 106 

on the age of the Tonto sand tones. G. K. 

Gilbert. Abstract and reference.i 109 
on the glacial period. C. E. Dutton. Title 

only.ii 26 
[geological history of Lake Winnipeg.] G. 

K. Warren. Abstract.ii 27 
[elevations and depressions in Alaska.] 

W. H. Dali. No abstract.ii 27 
on the movements caused in large ice¬ 

fields by expansion and contraction, as 
illustrative of the formation of anti¬ 
clinal and synclinal axes in geological 
formations. M. C. Meigs. In full. 4 
figures.ii ,33, (22) 

on the Uintah Mountains. J.W. Powell. 
Title only.ii 34 

the glacial theory. J. Henry. Abstract..ii 35 
the causes of glacial climate. Symposium. 

Abstract.ii 43, 45 
ripple-marks. G. K. Gilbert. Abstract...ii 61 
some types of mountain building. J. W. 

Powell. Title only.ii 65 
landslips and lakelets. G.K. Gilbert. Ab¬ 

stract .ii 69 
monoclinal ridges. J. W. Powell. Ab¬ 

stract .ii 74 
the distribution of thermal springs in the 

United States. G. K, Gilbert. Title 
only..ii 80 

[geologists versus physicists.] J. W. Pow¬ 
ell. No abstract.ii 85 
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Geology, List of papers on—Cont’d. 
Lake Bonneville. G. K. Gilbert. Abstract 

and reference.ii 103 
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the formulae for computing the position of 
a satellite. A. Hall. In full.vli 93 

a form of the multinomial theorem. A. S. 
Christie. Title only.vii 101 

the quadric transformation of elliptic inte¬ 
grals, combined with the algorithm of 
the arithmetico-geometric mean. C. 
H. Kummell. Abstract.vii 101,102 

a ease of discontinuity in elliptic orbits. 
W. B. Taylor. Abstract.vii 122 

the verification of predictions. M. H. 
Doolittle. Abstract.vii 122 

methods of verifying weather predictions. 
C. Abbe. Abstract...viii 8 

example illustrating the use of a certain 
symbol in the calculus of affected 
quantity. E.B. Elliott. Title only..-vixi. 37 

a collection of formulae for the area of a 
plane triangle. M. Baker. Reference, 

viii 37 

an artifice sometimes useful for the adj ust- 
ment of conditioned observations. C. 
H. Kummell. Abstract.viii 41 

a group of circles related to Feuerbach’s 
circle. M. Baker. In full. 4 figures, 

viii 45 

distances on any spheroid. C. H. Kum¬ 
mell. Abstract and reference.■%’lii 52 

on Grassmann’s system of geometry. A. 
Ziwet. Reference.viii 53 

cause and chance in the concurrence of 
phenomena. M. H. Doolittle. Title 
only.viii 54 

Can the attraction of a finite mass be infi¬ 
nite? C. H. Kummell. In full.viii 58 

on the use of Somoff’s theorem for the 
evaluation of the elliptic integral of 

^the third species. C. H. Kummell. 
Reference.ix 54 

graphic methods in research. G. K. Gil¬ 
bert. Abstract..x 4 

association ratios. M. H. Doolittle. Ab¬ 

stract.  X 83 
a problem in probabilities. Symposium. 

Abstract.x 87, 89 
on the free cooling of a homogeneous 

sphere initially heated to a uniform 
temperature. R. S. AVoodward. Ref¬ 
erence..••••X 90 

on the brachisthode on the helicoid. C. 
H. Kummell. Reference.x 90 

the motion of Hyperion. G. W. Hill. Ab¬ 
stract and reference...x 90 

the parallax of a Tauri. A. Hall. Ah 

stract.* 91 
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the most probable value of the latitude and 
its theoretical weight from entangled 
ob.servations occurring in the use of 
Talcott’s method. A. S. Flint. Ab¬ 
stract..X 91 

association ratios. M. H. Doolittle. Ab¬ 
stract.X 93, 94 

[solution and generalization of a problem 
requiring the division of a rectangle 
into parts which form a square.] H. 
Farquhar. No abstract.x 9& 

a collection of solutions of the trisection 
problem. M. Baker. Abstract.x 96 

[on the trisection problem.] G. E. Curtis. 
Abstract.x 98 

the integration of ditferential equations 
admitting periodic integrals. G. W. 
Hill. Abstract and reference.x 106 

Euler’s theorem (generally called Lam¬ 
bert’s). A. Hall. Abstract.x 101 
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Abstract.  x 102 

on the constant P in observations of ter¬ 
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Abstract and reference...x 102 

the conditioned cooling of a homoge¬ 
neous sphere. R. S. Woodward. Ref¬ 
erence.X 103 

the orbit of Hyperion. O. Stone. Abstract 
and reference.  x 104 

the quotients of space-directed lines. E. 
B. Elliott. Abstract.x 105,106 
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Abstract.x 107 

Matter and force.vii 30 
Combination of..vi xxxv 
Properties of..i 27, v 127, vi 5. vii 40 
Three states of..v 136 
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Matthews, Washington, communication on 

natural naturalists. Read by J. S. Bill¬ 
ings. Abstract,.vii 73 

mythological dry paintings of the Nava- 
jos. Abstract.viii 14 

anthropometric and reaction-time appa- 
^ ratus. Abstract. viii 25 
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Maxima and minima, Special case in..vi 149,152 
Maxwell, Prof. J. C., cited on matter.v 128 

on elasticity.v 132 
theories of heat.  v 134 
radiant energy. v 136 
Boyle’s law.v 139 
molecular orbits.v 140, 147,149 
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Mayer, A. M., communication on a method 
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Mechanical representation of a problem in 
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Medallic medical history.vi 39 
Medals, Exhibition of..v 22 
Meehan, Thos., cited on the common names 

of plants.iv 113 
Meek, F. B., communication on new species 

of fossil plants from Alleghany Co., 
Virginia; with some remarks on the 
rock seen along the Chesapeake and 
Ohio railroad, near the White Sulphur 
Springs of Greenbrier county. West 
Virginia. Read by T. Gill. In full. 2 
plates.1 62, ii (26) 

Death of..ii 111 
Meigs, M. C., communication on a map of 

the head waters of the Yellowstone 
and Lewis rivers. No abstract.i 21 

the movements caused in large ice-fields 
by expansion and contraction, as illus¬ 
trative of the formation of anticlinal 
and synclinal axes in geological for¬ 
mations. In full, i figures.ii 33, f22) 

remarks on glacial period.ii 37 
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ties.X 29 

Memoir on the scientific work of Joseph 
Henry.  ii 203 
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Mendenhall, T. C., communication on the 
mea>urement of temperature at dis¬ 
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the Charleston earthquake. Abstract, 
ix 37 
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Mercadier, M., cited on radiophony.iv 158 
Mercury, Theory of..viii 41 

Transit of..ii 199, iii 43 
Meridian, Proposed initial.vi 106 
Meridian transit time determinations...viii 55 
Merriam, C. H., communication on the eco¬ 

nomic phase of the English sparrow 
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Metaphysic philosophy.vi xxx 
Metaphysics.vii xxix 
Metcalf, Capt. H., cited on theory of target 
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Meteor, Explanation of explosion of.ii 143 

of December 24, 1873.i 94, ii 123,139 
(See also Meteors.) 

Meteoric matter and planetary motions, 
ii 188,190 

Meteorite, A new.vii 32 
Meteorites at Concepcion and San Gregorio, 

New Mexico.i 24 
Meteorological work by Joseph Henry.ii 236 

of the Smithsonian Institution.ii 295 
Meteorology, List of papers on (See also 
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on the aerial currents observed in fifty 

balloon ascensions. S. A. King. Com¬ 
municated by C. Abbe. In full.i 35 

[on aerial currents observed in balloon 
ascensions.] C. Abbe. Abstract.i 38 

on certain remarkable effects of lightning. 
E. J. Farquhar. Communicated by 
J. Henry. Title only.i 42 

on the aurora. W. B. Taylor. Abstract...i. 43 
on the aurora of February 4th [1872]. J. E. 

Hilgard. Abstract.i 47 
on the effects of winds and barometric 
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on the mean level of the sea. W. Fer- 
rel. Abstract and reference.i 53 

on the meteorology of Japan. T. Antisell. 
Title only.i 70 

on the results of astronomical observa¬ 
tions at Sherman Station, Wyoming 
Terr. R. D. Cutts. Abstract and refer¬ 
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on the laws of condensation of aqueous 
vapor in the atmosphere. E. Foote. 
Title only. i 74 

on the meteorology of Russia. A. Woeikof. 
Reference.  i 75 

on atmospheric electricity. (3 papers.) J. 
Henry. Title only.i 75, 87 

on electrical phenomena in the Hoeky 
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i 95 
on the distribution of temperature over , 

the surface of the globe. W. Hark- 
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on some causes that produce rain. E. 
Foote. Title only...i 98 

on the laws governing the movement of 
storm centres. C. Abbe. Abstract... i 99 
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meteorological observations in Peru, and 
some of the meteorological conditions 
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only.ii 35 

the glacial theory. J. Henry. Abstract.Xi. 35 
the causes of glacial climate. Symposium. 

Abstract.li 43, 45 
the comparison of rain-gauges at different 

elevations. J. R. Eastman. Abstract..\i. 49 
a new meteorological instrument. J. W. 

Osborne. Abstract,.ii 63 
the hygrometrical condition of the air in 
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the horary oscillations of the temperature 
of the atmosphere. G. K. Gilbert. Ab¬ 

stract.ii 67 
horary oscillations of the atmosphere. G. 

K. Gilbert. Abstract.ii 69 
facts relating to the falling of waterspouts 

in North Carolina. T. L. Clingman. 
Abstract.ii 104 

the causes of electrical developments in 
thunderstorms. E. Foote. Abstract..M. 189 

suggestions respecting the study of mete¬ 
orology in regard to the causes of yel¬ 
low fever. J. W. Osborne. Title only, 

iii 21, 27 

a curious manifestation of force by the 
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air currents on mountain slopes. G. K. 
Gilbert. Abstract.  iii 38 

on the meteorological conditions affect¬ 
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on the conditions determining tempera¬ 
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on errors of barometric observations pro¬ 

duced by wind. G. K. Gilbert. Refer¬ 
ence..V 91 

on solar radiation at Sherman, Wyoming. 
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on the retardation of storm centres at ele¬ 
vated stations, and high wind as a 
probable cause. H. A. Hazen. In 
full..V 108 

Page. 
Meteorology, List of papers on—Cont’d. 

[a remarkable halo.] W. B. Taylor. Ab¬ 
stract.V 112 

on a graphic table for computation. G. K. 
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the response of terrestrial climate to secu¬ 
lar variations in solar radiation. G. K. 
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Chickering. Abstract...vl 11 

hygrometric observations. H. A. Hazen. 
Abstract.  vl 36 

the Rochester (Minnesota) tornado. J. R. 
Eastman. Abstract.vii 3 

the sun-glows. H. A. Hazen. Abstract 
and reference.vil 17 

the relations between northers and mag¬ 
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Curtis. Reference.vii 25 

methods of verifying weather predictions. 
C. Abbe. Abstract.viii 8 

thunderstorms of 1884. H. A. Hazen. Ab¬ 
stract...viii 10 

the condensing hygrometer and sling psy- 
chrometer. H. A. Hazen. Abstract, 

* viii 25 
normal barometers. T. Russell. Title 

only.ix 46 
the sky-glows of 1883. H. A. Hazen. Title 

only.X 6 
the theory of the wind-vane. G. E. Curtis. 

Reference.x 9 
the electrometer as used in observations 

of atmospheric electricity. C. F. Mar¬ 
vin. Title only..x 9 

relation between wind velocity and press¬ 
ure. H. A. Hazen. Reference.x 10 

the Signal Service bibliography of meteor¬ 
ology. C. Abbe. In full.x 20 

memorandum on the Signal Service bibli¬ 
ography of meteorology and terrestrial 
magnetism. C. J. Sawyer. Read by 
C. Abbe. In full.x 23 

Meteors and comets..i 94 
Method of least squares..! 62, 89, vi 150, viii 41 

research.ii 163, vi xxxiii, vii li 
Methods of evolution......vi xxvii 

modern petrography.vii 36 
verifying predictions.vii 122 
verifying weather predictions.viii 8 

Metric system....  vi 4 
advocated by Geodetic Commission....vi 109 
for postal purposes.ii 15, 19 
in microscopy.'..iii 22 
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on the desirability of reproducing photo¬ 
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ward. Abstract....i 41 

on the use of monochromatic sunlight as 
an aid to high power definition. J. J. 
Woodward. Abstract and reference.i 47 

on mierometric writing on glass. J. J. 
Woodward. Title only.i 93 

on the modern microscope, Nobert’s lines, 
and the attempts of others to construct 
them. J. J. Woodward. Title only...ii. 25 

diffraction phenomena in the field of the 
microscope. J. J. Woodward. Abstract 
and reference.ii 60 

the microscopical structure of wool. J. J. 
Woodward and John Leconte. Title 

only.ii 62 
the use of photography in connection with 

the micrometer measurement of blood 
corpuscles. J. J. Woodward. Title 
only.ii 79 

a simple device for the illumination of 
balsam-mounted objects for examina¬ 
tion with certain immersion objectives 
whose “balsam angle’’ is 90° or up¬ 
wards. J. J. Woodward. In full. 1 
figure.ii 126 

on the apertometer of Prof. E. Abbe, of 
Jena, Germany. J. J. Woodward. Ab¬ 
stract...  iii 18 

on a standard for micrometry. J. J. Wood¬ 
ward. Abstract.iii 22 

on the oil-immersion objectives of Zeiss, 
and on convenient methods of obtain¬ 
ing oblique illumination for these and 
similar objectives. J. J. Woodward. 
Abstract.iii 25 

a new apertometer for microscopic ob¬ 
jectives. J. J. Woodward. Title 

only.iii 37 
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Riddell’s binocular microscopes—an his¬ 
torical notice. J. J. Woodward. .46- 
stract and reference.iv 35 

[exhibition of a collection of microscopes.] 
J. S. Billings. No abstract.vii 73 

recent improvements in microscopic ob¬ 
jectives, with demonstration of the 
resolving power of a new l-16th inch. 
R. Hitchcock. Title only.ix 16 

Milneria minima.viii 5 
Mills, cited on thermometry.ix 36 
Mind and body.v 72 
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on mineralogical systems. F. M. Endlich. 
In full.i 77 

on specimens of meteoric iron from Chi¬ 
huahua, Mexico, and the structure of 
meteorites in general. F. M. Endlich. 
Title only.i 98 

on the occurrence of pure tellurium in 
certain gold mines of Colorado. F. M. 
Endlich. Title only.i 101 

on some interesting eases of metamorph¬ 
ism. F. M. Endlich. Title only.iii 27 

some observations on the crystalline state 
of matter. J. R. M. Irby. Abstract...lit 36 

topaz from Stoneham, Maine. F.W. Clarke 
and J. S. Diller. Abstract and refer¬ 
ence.viii 5 

the enlargement of mineral fragments as 
a factor in rock alteration. R. D. 
Irving. Title only.ix 16 

the present status of mineralogy. F. W. 
Clarke. Title only.x 6 

Misapplication of geographical terms.i 39 

Miscellaneous Papers, List of: 

anniversary address, Nov. 18,1871; [on the 
organization and objects of the Soci¬ 
ety.] J. Henry. In full.i v, 34 

on the preservation of foods. A. B. Eaton. 
Title only.i 22 

[exhibition of a chronoscope.] J. E. Hil- 
gard. No abstract.;.i 23 

on the construction of the bridge across 
East River between Brooklyn and New 
York. Major King. Title only.1 23 

on the new coinage of Japan. E. B. Elliott. 

Title only. 1 31 

on apothecaries’ weights and measures. 
B. F. Craig. Title only.1 34 

on the measurement of the pressure de¬ 
veloped by the explosion of gun¬ 
powder in firearms. C. E. Dutton. 

Title only.i 52 
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on the expenditure of the income of the 
Bache fund for 1872. J. Henry. Title 
only.i 53 

an account of some recent experiments on 
different kinds of gunpowder at Fort¬ 
ress Monroe. C. E. Dutton. Title 
only.1 54 

[the Woodbury photo-relief process.] J. 
J. Woodward. Abstract.i 57 

[the condition of the Society.] J. Henry. 
No abstract..i 64 

on the water supply of cities. B. F. Craig. 
Title only.i 65 

on the collection of a large library. J. S. 
Billings. Abstract.i 92 

a description of a new spirometer. G. A. 
Otis. Title only.i 94 

on recent improvements in the economy 
of fuel. C. E. Dutton. Title only.i 96 

on recent improvements in the manufac¬ 
ture of steel. C. E. Dutton. Title only, 

i 97 
on Giffard’s injector. J. Henry. Title 

only.i 99 
on the method adopted in writing the in¬ 

ternational scientific telegrams. A. 
Hall. Abstract.i 101 

[on scientific culture in the Argentine Re¬ 
public.] B. A. Gould. No abstract...\i 15 

on the present state of the sciences. C. 
W. Shields. Abstract and references...ii 16 

on the gathering, packing, transportation, 
and exposure of fruits for sale. S. C. 
Busey. Title only.li 16 

on the failure of the wooden pavements of 
Washington City. L. D. Gale. Ab¬ 
stract.ii 26 

on latent impression.s on polished glass 
plates produced by heating the plates 
in close connection with engraved me¬ 
tallic plates. A. C. Ross. Abstract...i.\. 39 

iron facing copper plates. J. E. Hilgard. 
Abstract....-.  ii 42 

the progress of the natural sciences dur¬ 
ing the past,century. T. N. Gill. Ref¬ 

erence. ii 56 
cylinder condensation, steam jackets, and 

superheated steam. G. B. Dixwell. 

Title only.ii 64 
the coinage of the Argentine Republic. 

B. A. Gould. Communicated by E. B. 
Elliott. Abstract.ii 65 

the progress which [has] been made in 
educational matters in [Japan.] D. 
Murray. Abstract.ii 69 
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* illuminating materials. J. Henry. Title 

only.ii 71 
[kerosene oil tests.] • Mason. Ab¬ 

stract.ii 72 
paper made of asbestos. J. Henry. Title 

only.ii 86 
the burning of theatres and public halls. 

J. M. Toner. Reference.ii 95 
the rulings on glass by Mr. Rogers, of 

Cambridge. J. J.Woodward. Abstract, 
ii 130 

the uses of [the] dynagraph, and the work 
performed in determining the resist¬ 
ance of trains, etc. P. H. Dudley. Ab¬ 
stract.iii 29 

phosphorescent clocks. J. E. Hilgard. 
Abstract.iii 33 

the work of the National Board of Health. 
J. S. Billings. Title only...,.iii 50 

[yellow fever disinfection.] F. M. Gun¬ 
nell. Abstract.iii 51 

[exhibition of a time globe.]-Juvet. 
Abstract.iii 106 

sugar from sorghum. P. Collier. Abstract, 
iii 140 

the scientific work carried on under the 
direction of the National Board of 
Health. J. S. Billings. Abstract, 

iv 37 

the history of the light house establish¬ 
ment of the United States. A. B. 
Johnson. Abstract and reference.iv 135 

relation of meteorological conditions to 
the summer diarrhceal diseases. S. C. 
Busey. Abstract and reference.iv 165 

[exhibition of a panoramic photograph.] 
W. B. Taylor. Abstract.v 21 

[exhibition of coins and medals.] J. M. 
Toner. Abstract.v 22 

on the ventilation of the House of Repre- 
' sentatives. J. S. Billings. Abstract, 

V 99 
on the philosophical order of the sciences. 

C. W. Shields. Reference.v 105 
on the fisheries of the world. G. B. Goode. 

Reference.v 117 

the cultivation of eucalyptus on the 
Roman Campagna. F. B. Hough. Ref¬ 
erence.vi 36 

sketches from medallic medical history. 
W. Lee. Abstract.....vi 39 

fisheries exhibitions. G. B. Goode. Ref-^ 
erence.vii 26 

American scientific societies. A. Hall. 
Presidential address. Infull..-viii xxxiii, 30 
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the systematic care of. pamphlets. G. 
Brown Goode. Abstract and reference, 
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the systematic care of pamphlets. C. V. 
Riley. Abstract.viii 29 

scientific men and their duties. J. S. Bill¬ 
ings. Presidential address. In full, 

• lx XXXV, 46 
when I first saw the cholera bacillus. R. 

D. Mussey. Title only.ix 22 
the frequency of coincidences. L. F. 

Ward. Abstract.x 8 

Manchester meeting of the British Asso¬ 
ciation for the Advancement of Sci¬ 
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on reference indexing. B. P. Mann. Ab¬ 
stract.X 38 
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Missouri, Valley of the Upper.vii 20 
Mivart, St. G., cited on life.v 52 
Model of the basin of the Gulf of Mexico..iv 52 
Mohs, cited on mineralogy.i 78, 79 
Molecular excursions.v 140,141 

heats of similar compounds.i 101 

kinetics.v 133 
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Molecules, atoms, and waves.1 66 

size of.V 141 
complexity of.v 147 

Mollusks, Appendages of.vii 32 
found .at great depths.v 90 
Observations on.lii 75 
Two remarkable...viii 5 

Moore, Commander, cited on Plover Bay..iv 124 
Moon, Theory of .:.iv 57, vi 136 
Moon’s eclipse of June 11, 1881.v 90 

motion. Computation of..vi 1.36 
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Mono craters.  vii 19 
Monochromatic aberration in aphakia.vi 5 

sunlight as an aid to high definition.i 47 
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of the antlers of the Cervidse.ii 135 
Morse, E. S., cited on disparity of sexes in 
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Mortality among army officers.ii 49 
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Mosher, Experiments of.ii 40 
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activity..v 75 

Mosquito inoculation.vi 5 
Mosso, Plethysmograph of..v 77 
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of a particle toward an attracting centre, 
1 88, ii 19, vii 122 

Transmutation of.vi xxviii 
Mount Dana glacier.vii 5 
Mount Lyell glacier.vii 6 

Mount Rainier and its glaciers.x 10 
Mount Taylor, Geology of.vii 77 

Mount Washington meteorological observa¬ 
tions.V 108 

Movement of storm centres.i 99 
Muir’s glacier observations......vii 8 

Munroe, C. E., communication on the esti¬ 
mation of manganese as pyrophos¬ 
phate. Read by T. Antisell. Reference..\i. 132 

the determination of the specific gravity 
of solids by the common hydrometer. 
In full...vi 26 

Murdoch, John, remarks on throwing- 
sticks.  ix 13 

Murray, David, communication on the pro¬ 
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tional matters in Japan. Abstract....\\. 69 

Muscular contraction.  v 58 
Museum, National.ii 292 
Museum specimens Illustrating biology ...ix 35 
Music and the chemical elements.vii 26 
Musical intervals.ii 199 
Mussey, R. D.-, communication on the appli¬ 
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Title only.ix 22 

remarks on artesian wells..v 101 
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Myer, A. J., Death of..iv 23 

Resolution on the death of....iv 31 

Mythological dry painting of the Navajos, 
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Mythology of the Numas.i 96 
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phere. Title only.1 .52 

the progress of the construction of the 
new telescope for the Naval Observa¬ 
tory. Reference.1 62, 63 
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a thermodynamic theory of the spec¬ 
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