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MASSACHUSETTS  STITUTE 
OF 

TECHNOLOGY. 

PRESIDENT'S REPORT. 

To the CorToration qf the Institute. 
G~NTLE~Z~.~" :--Your attention is respectfully invited to the 

accompanying reports, as carefully prepared statements of the 
condition of the depar~tments to which they relate, and leaving 
but little to be said in addition. 

Since tile report of the department of Mining a~.t Metallurgy 
was put in type, Mr. Samuel Bachelder, of Cambridge, has 
presentedto the Institute his very ingenious dynamometer, which 
accurately weighs all the power transmitted through it. This 
will enable the department to keep an exact record of all the 
power used in the mining and metallurgcial laboratory in run- 
ning all or any of the machines in use. We have also received 
a Blake crusher, size 3 rF by 5", and a 12 inch Whelpley and 
Storer dry pulverizer. The new smelting and blast furnace~ 
have been fully designed by Pros Ordway~ and their construc- 
tion begun. 

Our thanks are due to H. J. Booth & Co., of the Union 
Iron Works, San Francisco, California, for a very large and 
generous reduction in the price of the machinery furnished by 
them; and it is but justice to I. M. Scott, Esq, of that fil~n, 



who designed and built the five-stamp battery now in our 
laboratory, expressly for the Institute, to say that it is complete 
in all its parts, and gives entire satisfaction. Our thanks are 
also due to Col. ft. ft. Storer, for a lal~e reduction in the price of 
his pulverizer. 

Pror Henck and a po, a.ty of fifteen students in the department 
of Civil Engineering left Boston, on Thursday, the 6th of ffune, 
for tim purpose of making a systematic study of the great rail- 
road bridges over the I-Iudson, Ohio, Mississippi and Missouri 
ri~;ers. On the way out each bridge w~ll be examined by the 
whole party under Prof. Henck's direction, and a particular 
bridge assigned to each student, whieh he will be required to 
study, in greater detail oll his retm'n; obtainlng sketches and 
measurements of foundations and srperstructure, and all the 
data for making a full report, accompanied with drawings 
of plan, elevation~ sections, and all details necessary for the con- 
struction. We hope to do this summer for bridge construction, 
what was done the last for Mining Engineering and Metallurgy. 
It  is proposed, hereafter, to make bridge construction a very im- 
portant element in the course, and to this end it is earnestly 
recommended that models of all the important types of AmeK- 
can bridges be supplied to the department as soon as possible. 

We are well supplied with excellent field instruments, and the 
number is~increased as fast as needed ; but we have been, and 
still are, dependent upon the kindness of Prof. Peirce, Sup't. of 
the CoasL Survey, for the use of a base-line measure, and a 
large altitude and azimuth instrument for triangulation, and for 
obtahling astronomical data for positions. It  is most convenient 
for the department to use these instruments at tl{e time when 
�9 the subjects properly come in the course, and not when they 
can be best spared, if at all, by the Survey; and on this account 
it is very desirable that they be added to the collections of the 
department. 

The work in the department of Drawing, both fi'ee-hand and 
mechanical, has upon the whole, been well maintained. Mr. 
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Schubel"~ was absent last year for the purpose of study, and the 
break in the fi'ee-hand work, thus caused, has not been fully 
made up during the session just ended; but it is already evident 
that the department will be a great gainer in the end by the 
increased knowledge and appliances for instruction, which ZIr. 
Schubert brought back as the fruit of his year's study in the cele- 
brated art school of Nuremberg. The work in Descriptive 
Geometry and Stereotomy and the corresponding courses in 
Mechanical Drawing~ will hereafter be under the same direction 
dm'ing the whole fore" years, which is expected to result in an 
iniprovement. 

I am authorized by I-Ion. Jolm Amory Lowell to announce 
that it is his intention to establish courses of instruction in the 
Institute in Ddsigning as applied to the Industrial Arts. 

These courses will be duly announced. 
The Faculty of the School of file Institute has been increased 

during the past ),ear by the appointment of Thomas Sterry 
Hunt as Professor of Geology, George H. Howison as Pro- 
fessor of Logic and the Philosophy of Science, and S. Edward 
Warren, as Professor of Descriptive Geometry, Stereotomy and 
Drawing. These gentlemen, eminent in their respective depart- 
ments, will enter upon their duties with the new year. 

At the recent entrance examinations, held June 8, and- the 
following days, sixty-four applicants were admitted, sixty-two to 
the first year's class, and two to the second; an increase of 
thirteen over the corresponding examinations of last year. If 
the same proportional increase shall hold at the fall examina- 
tions the new class will largely exceed one hundred, and we 
shall be obliged to consider the question of a new building to 
meet the growing demands for space in which to properly carry 
o n  o u r  w o r k ,  

It gives me the greatest pleasure to be able to say that the 
most friendly and cordial relations continue to prevail between 
teachers and students, and that the l~ast year's work in aU 
departments has been of the most satishctory character. 
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In accordance with your vote, the following brief sketch is 
appended for those who are interested in the origin and prog- 
ress of the Institute in its several departments. 

In the years 1858 and 59, an association of gentlemen re- 
siding in and near Boston, interested in the professional appli- 
cafi.ons of science, and in the practical and fine arts, conceived 
the idea of securing the proper site on which to erect, in close 
proximity, such buildings as might be suitable and necessary for 
the purpose of the musemns .and collections of the Natural 
History Society, the Horticultural Society, and such others as 
might be formed representing the Industri~ and Fine Arts, so 
as by their union and coSperation to constitute a comprehensive 
Museutn, or Conservatory of Arts and Sciences. 

With this view, aider organizing as a "Committee of Associ- 
ated Institutions," Hon. Marshall P. Wilder, Chairman, and 
Dr. Samuel Kneeland, Secretary, they petitioned the Legisla- 
ture for a grant of land on the Back Bay, on which to erect 
buildings suitable for the proposed purposes. 

At about the same time, Mr. William E. Baker had also 
suggested the desirableness of building up in some convenient 
location in Boston a Conservatory of Arts, and published some 
numbers of a Journal in advocacy and aid of the idea. 

The time, however, seemed not yet to have come ; the Leg- 
islature refused to make the gTant of laud, but the Committee, 
instead of being disheartened, redoubled their efforts. 

Aboutthis time the matter was brought to the attention of 
Prof. William B. Rogers, whose deep interest in such subjects, 
and whose ability to aid in devising and consummating the 
proper plans to secure the desired ends, were well "known. I-Ie 
prepared a memorial to the Legislature of 1860, which was 
adopted by the Committee. In this memorial we find the first 
suggestion of a School of Applied Science, in tlm plea for the 
early es~blishment of a "Comprehensive Polytechnic Col- 
lege," furnishing a "complete systeni of" industrial education 
supplementary to the general training of the other institutions, 
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and fitted to equip its students with every scientific and techni- 
nical principle applicable to the industrial pro'suits of the age." 

This, like the previous effort, failed to secure the favor of 
the Legislature, but it attracted attention to the growing im- 
portance of practical education, and led the way to the more 
definite scheme of organization which was developed in a 
Report by Prof. Rogers, and "tdopted by the Committee in the 
autumn of 1860. This Report, entitled " Objects and Plan of 
an Institute of Technology; including a Society of Arts, a 
Museum of Arts, and a School of Industrial Science," was 
read at a meeting of gentlemen interested in the establishment 
of an Institute of Technology~ held at the rooms of the Board 
of Trade, October 5, 1860, and, on vote, was approved, and'its 
publication recommended. The wide ch'culation of this able 
repo:% accompanied by an appeal to the public for co~iperation 
mad support, led to the calling of a meeting on Jan. 11, 1861, 
at Mercantile Hall, Smnmer St., "for  the purpose of adopting 
measures preliminary to the organization of the Institute, and 
in furtherance of a petition to the Legislature for a charter, 
and a portion of the Back Bay lands." 

The number of subscribers at this time amounted to 209. 
The meeting was held at the appointed time ; and after an 

exposition, by the Chairman, of the previous action and future 
purposes of the Committee, and interesting addresses by P.ros 
Peirce, Rev. Dr. Gannett, and others, in behalf of the Insti- 
tute, a preliminary organization was established by adopting the 
following form of association, to which the names of those 
present were aff ixed:--  

"We tlle subscribers, feeling a deep interest in promoting the Industrial 
Arts and Sciences .as well .as Practical Education, heartily approve the 
objects and plan of an Institute of Technology, embracing a Society of Arts~ 
a ~luseum of Arts~ and a School of'Industrial Science, as set forth in the 
Report of the Committee; and we hereby associate out'selves for the pur- 
pose of endeavoring to organize and establish in the city of Boston such an 
institution, under the title of ~ The Massachusetts Institute of Teehnology~' 
whensoever we may be 16gaIly empowered and properly prepared to carry 
these objects into effect." 
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The following resolutions were then adopted:--  
"Resolved, That a Committee of twenty, with power to increase their 

number, be appointed to represent the interests and objects of the Associa- 
tion, and to act generally in its behalf, until it shall be legally incorporated 
and regularly organized under the title, and according to the pro'poses, of 
the Massachusetts Institute of Technology. 

".Resolved, That said Committee be instructed to use its best efforts, in 
co-operat.lon wJ.th the Committee of Associated Institutions of Science and 
Arts , to obtain from the Legislature an Act of Incorporation of the Insti- 
tute, and secure a grant of land on the Back Bay for its use, and for that 
of other institutions devoted to the Practical Sciences. 

"t~esolved, further, That this Committee be requested to frame a Consti- 
tution and By-laws for the government of said Institute in its several depart- 
ments, and to submit the same to the consideration of this Association, when- 
soever we may be in readiness, and properly empowered, to organize for- 
really as the Institute of Technology." 

Subsequently, on motion, the Chairman of the meeting was added to the 
Committee, to act as its Chairman. 

The membem of this Committee are as follows:-- 

W. B. ROGERS, Chairman. 
J. M. BEEBE. J . B .  FRAI~'CIS. 
E. S. TOBEY. 
S. H. GOOK1N. 
E. B. BIGELOW. 
M. D. Ross. 
J. D. PHILBRICK. 
F. H. STORER. 
J. D. RUNKLE. 
C. H. DALTON. 
E. C. CABOT. 

~ west by Berkeley and Clar. 
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J. C. HOADLEY. 
M. P. WILDER. 
C. L. FLINT. 
THOS. RICE. 
JOHN CHASE. 
J. P. ROBINSON. 
F. W. LINCOLN, Jun. 
THOS. ASPINWALL. 
J. ~k. DUPEE. 
\ 

This Committee, in cooperation with the Committee of As- 
sociated Institutions of Science and Arts, again applied to the  
Legislature for a charter and land, which was granted in an 
act approved April 10, 1861. This act made "William B. 
Rogers [and others named] a body corporate, by the name of 
the Massachusetts Institute of Technology, for the purpose of 
instituting and maintaining a Society of Arts, a Museum of 
Arts, and a School of Industrial Science, and aiding generally, 
by suitable means, the advancement, development and practical 
application of science in connection with arts, agriculture, man- 
ufactures and commerce." 

It also granted one square of land hounded on the east and 
Clarendon Streets, and on the north and 
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south by Newbury and Boylston Streets, the easterly one- 
third to the Boston Society of Natural I-IistolT, and the re- 
maining two-thirds to the Institute of Technology, with the 
condition that neither corporation should cover more than one- 
fllird of the land granted to it with buildings. 

The Institute was formally organized under the charter, 
April 8th, 18~2, by the election of William B. Rogers, Presi- 
dent'; John A. Lowell, Jacob Bigelow, Marshall P. Wilder and 
John Chase, Vice-Presidents ; Thomas H. Webb, Secretary; 
Charles H. Dalton, Treasurer; and through the liberality of 
some gentlemen interested in the undertaking, sufficient funds 
were immediately raised to begin operations. 

The first meeting of the Society of Arts was held December 
17, 1862. Since that time it has continued to hold two meet- 
ings a month during the successive sessions ; the 146th meet- 
ing having been held May 23, 1872. At these meetings are 
presented comnmnications on various subjects (if applied sci- 
ence, with the exhibition of machines and apparatus illustrating 
important inventions in the mechanic arts. 

By an Act of the General Com't of Massachusetts, approved 
April "27, 1863, the Institute receives fi'om the State ~' one- 
third part of the annual interest or income which may be re- 
ceived from the fund created under, and by vb:tue of, the 180th 
chapter of t';he Acts of the 37th Congress, at the second session 
thereof, approved July 2, 1862. . . Said Institute of Tech- 
nology, in addition to the objects set fol~h in its Act of incor- 
poration, shall provide for instruction hi military tactics." 

A ~:eport by Prof. Rogers, on the "Scope and Plan of the 
School of Industrial S~ience of the Massachusetts Institute of 
Technology," was submitted to the Government by the Com- 
n~tee on the School of Industrial Science, and adopted l~Iay 
30, 1864. ~.['his elaborate and carefully considered scheme 
forms the basis of the instruction in all departments, with only 
such changes and additions in the details of the organization 
and equipment of the laboratories as time and experience could 
alone determine. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I "  I [  " I  ~ I ~  I r II '~ I - ~ I I " l i ' "  I ' l ] ' ' l l I F 'Y l i l  ~ ' ' ' ' ' ' - ' ~ " ~ ' ' ~  
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The School was opened with temporary accommodations in 
Mercantile Library Building, Summer Street, in Feb., 1865, 
with a class of 27 students. The successive catalogues show the 
following summaries : 1865-6, 72 ; 1866-7, 137 ; 1867-8, 167; 
1868-9, 172 ; 1869-70, 206 ; 18707-71, 224 ; 18~1-72, 264. 

Besides the systematic day courses the Institute proposed as 
a part of its work " to provide evening instruction for persons 
of either sex, who, being unable to study dm'ing the day desire 
to avail themselves of systematic evening lessons or lectures." 
Befi~re this part of the school was opened, the following letter 
was received : 

BosToN, Oct. 26, 1865. 
DEAR SIR : - -  

7: propose to institute evenin~ courses of instruction, to be opened ~'atu- 
itously t~) the public, under suc~ regulations as may be deemed advisable. 

I t  has occurred to me that these courses might with advantage be deliv- 
ered in the first instance under the supervision of the ~Iassachusetts 
Institute of Technology, and by their professors ; the programme of course 
to be acceptable to me. 

I shall devote to this purpose $3,000 a year, to be  divided among the 
teachers in proportion to the time devoted by each. 

]f ~uch an arran~gement would be acceptable to the Government, I shall 
be happy to confer with you upon the subject. 

�9 Yours respectfully, 
(Signed) JOHN AMORY LOWELL, 

Trustee ZoweU Fund. 
PROF. W. B. ROGERS, 

President .Mass. Inst. Tech. 

The proposal of Mr. Lowell was gratefully accepted by the 
Government, and this important department of the school has 
since continued to be conducted with the approval of Mr. 
Lowell, and at the expense of the Lowell Fund. 

Among the largest benefactors have been William J. 
Walker, Ralph Huntington, James Hayward, and William 
Powell Masori, deceased, and Nathaniel Thayer and John 
Amory Lowell. The following statement will show the amount 
of cash gifts which the Institute has thus far received. 

In 1862, $3,000; 1863, $175,610; 1864, $3,000; 186.5, $132,761 ; 1866, 
$30,700; 1867, $58,000; 1868, $76,800 ; 1869, $4,000; 1870, $24,415 ; 1871, 
$63,500; 1872, thus i~tl" $3,300. Total, $575,086. 

Respectfully submitted, 
J. D. RUNKLE. 

*t 
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SECRETARY'S REPORT 

FOR THE YEAR MAY 1871~MAY 1872. 

In conformity with article 16, sed~ion 4, of the By-Laws of 
the Corporation, I herewith present the Annual Report of the 
Transactions and condition of the /institute for the tenth year 
1871.-1872. 

There have been held during the year fore'teen meetings of 
the Society of Arts. The meeti, gs have been generally well 
attended, and communications have been made on the following 
subjects :m 

2V'ov, 9, 1871. President Runkle gave an account of the In- 
stitute expedition to Colorado and Utah during the summer, for 
the observation of '~.he mines and mining processes. The party 
consisted ,of five professors and fifteen students. The expedl- 
tion was in every way. a success, both in giving the students 
valuable information and in securing for the Institute a large 
supply of ores from many localities. 

_Nov. '~. Prof. Richards gave an account ,of.an expedition 
to Wyoming and the Laramie Plains, illustrated by a series of 
ores from the mining regions of Missomq, Colorado, and Utah. 

Mr, Win. E. Hoyt g!~ve a description of several European 
bridges of modern construction, illustrated by black-board draw- 

�9 ings and a set of models belonging to the Department of Civil. 
Engineering in the Institute. 
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Prof. Picketing explained the methods of teaching physical 
manipulation in the Physical Labor~tory as regards the engi- 
neering course, and with special reference to bridges. 

Prof. Watson exhibited a modification of the endless screw, 
by which tile wheel is made the driver and the screw the fol- 
lower - -  a very convenient form for obtaining considerable speed. 

Dr. Samuel Gregg exhibited and explained a model of a sys- 
tem of ventilation, devised by himself, by which he claimed that 
a fi'ee ventilation can be obtained in cold weather without loss 
of heat. 

Prof. Watson exhibited and described, by means of the cal- 
c ium light, Prof. Faber's Speaking Machine, then on exhibition 
in Bostou. 

.Dee. ~ ,  1871. The Secretary gave an account, from per- 
sonal observation, of the way in which the bed of the Missis- 
sippi river, in the upper part of its course, is gradually filling up 
fi'om the sediment carried in from newly cultivated fields ii: 
Minnesota and Wisconsin - -  and of the diminished rainfall fi'om 

the destruction of forests - -  seriously interfering with the navi- 
gation of the river. 

Prof. Cross made a communication upon the methods em- 
ployed in illustrating the lectures on physics~ by means of pho- 
tographs projected on a screen. 

The Secretary announced the donation to the Institute, by 
Thomas Garfield, Esq., of two large and handsomely fi'amed oil 
paintings, representing the manufacture of plate and of cylinder 
g l a s s .  

Dee. ~8. Mr. Langley described a spliced joint for uniting 
rails q an automatic road-maker- -and a working model of a 
machine for coiling wire to be used for inside support for rubber 
hose and for making all kinds of wire springs. 

Mr. g. A. It.  Ellis gave a description of his process of util- 
ising the heat in exhaust steam to produce power in a second 
and connected boiler, by the use of bisulphide of carbon, a vol- 
atile liquid boiling at 110 ~ Fahr., and at the temperature of 
exhaust steam giving a pressm'e of 65 lbs. to the incih 

P 
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dan. 11, 1872. Dr. Sternberg, U. S. A., exhibited in opera- 
tion and explained an electro-magnetic apparatus of his inven- 
tion, the object of which is the automatic regulation of temper- 
ature, wherever artificial heat is employed and an equable tem- 
perature desirable. 

Mr. flames Hamblet, fir., mad~ a communication on electric 
clocks and the telegraphic dist'ribution of time. 

Jan. 25. Dr. Van Zandt, of California, exhibited in opera- 
tion and explained an apparatus devised by himself for lighting 
and extinguishing street gas lamps by electricity. 

Prof. Watson made a comm,~ication, illustrated by diagrams, 
on the ther engine. He also exhibited some models and draw- 
lags, the work of the students in the department of Stereotomy. 

.Feb. 8. Mr. E. I-I. Hewins read a communication, illustrated 
by the calcium light, on European and American bridges com- 
pared. 

Prof. Watson made some observations-on the history of an- 
cient bridges. 

Prof. Pickering exhibited specimens of so-called "mineral 
wool," made by blowing high-pressure steam through melted 
slag; this is well adapted for steam packings and similar pur- 
poses, being incombustible and a non-conductor of heat. He 
also showed a plate of glass on which an engraving had been 
cut by the sand blast; and called attention to various methods 
of photographic engraving, some of which promise to revolu- 
tionize the art of book.illustrations. 

Mr. ft. F. It. Markoe exhibited an improved achromatic ste- 
reoscope, h'om London, adjustable for all kinds of focal distances, 
and for each eye separately. 

Feb. ~2. Prof. Watson read a paper, illustrated by dia~ams 
and models, on the history, construction, and recent improve- 
meats of turbine water wheels, accompanied by an account of 
some recent exi~eriments to test their ettlciency. 

Prof. Richards made a comnmnication, illustrated by the ap- 
paratus, on Gifford's Injector as a substitute for Bunsen's filter 
pump. 

k,'~Y.t~* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  �9 �9 , ~ 4  �9 . . . . . . . . . . .  �9 
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J~larch 14. Mr. S. Dana Hayes read a paper, illustrated by 
experiments and specimens, on the "History and Manufacture 
of Petroleum Products." 

~lareh 28. Mr. McMurtrie explained by the aid of diagrams 
on the blackboard, the BIanchard b o i l e r -  in which the water 
space is divided by horizontal diaphragms into three nearly sep- 
arate compartments, communicating only by small openings. 
Re compared this boiler with other horizontal tubular boilers in 
Portland, M e . , -  stating that on a competitive trial a great 
advantage is claimed for it on the point of economy in fuel. 

Prof. Richards explained the. mining machinery recently put 
up in the laboratory of the institute; after which the Society 
adjourned to witness its operation. 

April 11. Mr. Langley exhibited and described a new fusible 
plug, and showed it in operation on a boiler. 

Mr. J. A. Grosvenor explained a new injector, also exhibited 
it in operation. 

Mr. Libby, of' Medford, Mass., exhibited a model of a di- 
agonal turbine water wheel of his invention. 

ATril 25. Prof. Watson made a communication or, Com- 
pound Marine Engines, illustrated by a model of the Engines 
of the Cunard Steamer "Hecla." 

"May 9. Mr. E. C. Merril! explained a process, invented by 
himself, of making artificial stone, illustrated by an extensive 
suite of specimens. His materials are oxide and chloride of 
zinc, and carbonate of bazTta. 

_~_Tay ~ .  Mr. N. M. Lowe exhibited and explained a rew in- 
strument for recording by dlectricity the force and dh'ection of 
the wind, devised by himself, with valuable suggestions fi'om 
Mr. I-I. E. Cole. 

Prof. Picketing then described the changes introduced in the 
department of Physics during the pa.dt year. . 

To show the practical nature of the work done this term by 
the students of the graduating class, a number of specimens ef 
their handiwork were next described. They included a model 
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of a suspension bridge, having a span of ale, out eight feet, a Howe 
trus~, and a queen-post truss, and the flexure under different 
loads carefillly measured by. them. A new method of measur- 
'hlg the torsion or twisting of a beam under different loads was 
shown, using mirrors .~ttached to each end, and placing opposite 
to them telescopes by which the reflection of a graduated scale 
was observed. A very slight motion of the beam and min'or 
moved the image of th6 scale several inches~ so ~hat extreme 
accuracy was thus attainable. "The apparatus was also shown 
by which they had measured the cofficients of effiux or flow of 
water through apertures of various sizes, also the resistance or 
fi'iction of water in pipes. These quantities tbrm the basis of 
the science of hydraulics. 

A chronograph for measuring very small intervals of time, as 
a hundredth or even thousandth of a second, was also shown. 
In this instrument, which was entirely the work of another stu- 
dent, Mr. Guild, the time is measured by the vibration~ of a 
tuning ~ork drawing a line on smoked glass. 

As work of quite a different kind, a collection of photographs 
were exhibited, taken by different students as a part of their 
regular studies, among them several views of objects seen under 
the microscope and greatly magnified. Although the platform 
and tables were covered with apparatus like the above, yet 
much rem~dned that was not exhJblted for want of room, show- 
ing that the amount of work done by the class was extremely 
large. 

Among the advantages claimed for this kind of Instruction 
the following may be mentioned : First, it cultivates the powers 
both of the mind and hand, and gives a thorough practical famil- 
iarity with methods of experimenting, commonly attained only 
by long and laborious trials on the part of the student after grad- 
uating, when called upon {o perform these experiments in con- 
nection with his daily duties. Again, much of this work is of 
considerable scientific merit, and with proper means results 
might be obtained not only of great scientific value, but of 
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equal value to the mechanical arts, especially all matters relating 
to heat, steam and motors. The large amount of work is in a 
great measure d~m to the interest felt in the matter by the stu- 
dents themselves, who ofte~ ~ come into the laboratory late in the 
afternoon, or during the dimmr hour; and, since it becomes a 
pleasure, it is sure to be done well. Finally, many of the ex- 
periments'once prepared by all older student can afterwards be 
used by the younger ones, and thus they are like so many as- 
sistants, improving the course for their successors at the same 
time that they are instructing themselves. 

There have been elected during the year 13 members of the 
Society of Arts, of whom 12 have consummated their member- 
ship. One liih member has joined during the year, Mr. Allen ; 
no corresponding or honorary members have been elected. 

Prof. Daniel Treadwell, the only Honorary Member, has died 
during the year; Mr. Jacob A. Allen, of Lynn, has also died, 
one of the victims of the Rev~ere disaster. Deducting 2 who 
have ~.lied, 21 who have resigned, and 10 who have been 
dropped for non-payment of fees, there are now on the list 345 
members, of whom 65 are life members, exempt fi'om assess- 
ment. 

About 280 students have attended the school of Industrial 
Science during the year. Of these, two are graduates pursuing 
an extended or post graduate course. In the first year were 
91 students, in the 2d 39, in the 3d 83, in the 4th 17; and 
90, not candidates for a degree, following various special or 
partial courses, principally chemistry, drawing~ and architecture. 
Thirty-one professors and teachers are connected with the 
school, and the'fees from the students have been about $37.000. 

The apparatus fox" instl~ction has been largely increase~t 
during the year. Full details on the variou~ departments of 
the school have l~een presented by the profe.ssors in charge. 



? 

15 

The Lowell courses this year have been "given on the follow- 
ing subjects : 

A course of ten lectures on English Writers of the 18th and 19th 
Centuries, by :Profi Atkinson, on Wednesdays, at 7.~ P. M. 
beginning :November 15, 1871. 

A course of.eighteen lectures on Progressive Development of Life 
in Geological Ages, by Prof. Kneeland, on Tuesdays and 
Fridays, at 7~ P. M., beginning :November 14. 

A course of eighteen lessons in Elementary German, by Instructor 
Krauss, on Mondays and Thursdays, at 7�89 P. M., beginning 
:November 13. 

A course of.eighteeD lessons in Elementary French, by Instructor 
Levy, on $Iondays and Thursdays, at 71 :P. M., beginning 
January 22, 1872. 

A course of twenty lectures in Elementary Chemistry, by Professors 
R/chards and :Nichols, on Tuesdays and Fridays, at 6~ P. M. 
beginning January 16. 

course of twenty-four Laboratory Exercises in Chemical Manipu- 
lations, by Professors Richards and Nichols, on Wednesdays 
and Saturdays, at 2�89 P. M., beginning February 3. 

A course of twenty-four Laboratory Exercises in Physics, by 
Prof. Pickering(on Wednesdays and Saturdays, at 2~ P. M., 
beginning February 3. ~ 

These courses were well attended, the greater number of per- 
sons availing themselves of the last two courses being engaged 
in teaching. 

At  a meeting of the Corporation, held June 13, the follow- 
ing votes were passed : - -  . 

~roted, That the Corporation will hereafter confer the de- 
gree of Bachelor of Science in the department of , instead 
of graduate of the Massachusetts Institute of Technology, in 
the department of , as heretofore. 

Voted, To establish advanced courses of study and to confer 
the degree of Doctor of Science, subject to the following con- 
ditions �9 

1. Advanced S~uden~s. Bachelors of Science in any depart- 
ment of the Institute may enter upon these courses without ex:. 
amination ; but bachelors of arts, science, or philosophy~ of any 
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other institution, must give satisfactory evidence, by examina- 
tion or otherwise, that they are fully qualified to enter upon any 
proposed cottrse of study. 

Any person may enter upon an advanced course of study, 
and become a candidate for the degree of Doctor of Science, 
who, by examination, shah be found qualified to take the degree 
of Bachelor of Science in any department of the Institute. 

2. A d v a n c e d  Courses .  The course of study which any stu- 
dent may wish to pursue must be presented in writing and ap- 
proved by the Faculty. His proficiency in this course will be 
tested by frequent examinations. All departments will be open 
to him, but there will be no examination required in voluntary 
studies. 

The methods ofinstructlon, whether by lectures, or projects, or 
field or laboratory work, will be adapted to each particu]ar case. 

8. T e r m  o f  R e s i d e n c e .  The minimum term of residence 
will be two years, but the degree ~vill not be given tmtil the 
student shall have i hlly completed his chosen course. 

Occasional short absences from the Institute, spent in pro- 
fessional work by the advice of the Faculty, will be counted a~ 
residence. 

4. E x a ~ n i n a t i o n s .  Periodical examinations will be held to 
inform the student'as to his progress; and the results of all such 
examinatio~ls, as well as of the semi-annual and degree examina- 
tions, will be taken into account in conferring the degree. 

He must present at least 5ne printed thesis upon some subject 
embraced in. his course. 

5. The fees will be $150 a year, and the cost of materials 
"consumed in laboratory work. 

6. There are five advanced scholarships of $160 each which 
will be awarded by the Corporation on recommendation of the 
Faculty. Applications must be made to Samuel Kneeland, the 
Secretary of the Institute~ in writing, on before the first of Oc- 
tober next. 

SAMUEL KNEELAND, Secretary. 

i (  :~ ~ ~ ~ I~ . . . . . . . . . . . . . . . . .  ~ 
H ~  
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Massachusetts Institute of Technology. 

REPORT OF THE DEPARTMENT OF GEOLOGY 

AND MINING ENGIbTEERING. 

To the President of the Znstltute : ~  

The changes recently made in the department of Geology, 
Mining and Metallurgy, and the very considerable additions 
made to the means of instruction in these studies, more espec- 
ially the establishment of a Mining and Metallurgical Labora- 
tory, are sufficient reasons for calling the attention of the 
Corporation to the present condition of this department. 

The regular course extends over four years, and the range of 
studies pursued is indicated by the following scheme of instruc- 
tion. 

Fms~c x~v SECOND YEARS. 

.Mathematics. Algebra~ Solid Geometry. Mensuration. Plane 
�9 "t ic  ~Irl~,onometry and Spherical Trigonometry. Analytic Geometry. 

Elements of the Calculus. 
Surveying. Field-work. Plotting Surveys. Computing Areas. 

Plans. 
.Physical and Industrial Geography. 
Physics. Mechanics of solids, liquids and gases. Sound. Light. 

Heat. Magnetism. Electricity. 
Chemi.stry. Qualitative Analysis. Chemistry, Organic and Inor- 

game. 
French. 
German. 
F~glish. 
Descriptive Geometry. 

2 
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Mechanical and .Free.Hand .Drawing. 
.Descriptive Astronomy. 
.Physiology and ttygiene. 

THIRD YEAR. 

Civil Engineering. Survey and Construction of Roads and Rail-. 
ways. Measurement of Earthwork and :Masonry. Field Practice. 

Mathematics. Differential and Integral Calculus. Analytic Me- 
chanics. 

Applied .Mechanics. Stress. Stability. Strength and Stiffness. 
Geology. General descriptive and theoretical Geology. 
Zoology and .Palveontology. 
.Mining. 0re-deposits. Prospecting. Boring. Sinking Shahs, 

etc. Methods of Mining. 
.Mineralogy. Descriptive and Determinative. Crystallography. 

Use of t.he Blowpipe. 
Chemistry. Lectures and Laboratory Practice in Quantitative 

Analysis. 
Assaying. Wet and dry ways. 
.Metallurgy. Metallurgical processes, Constructions and Imple- 

ments. , 
.Physics. Laboratory Practice. 
.English and Constitutional Itistory. 
.French or ~panish. 
German. 
Drawing. 

�9 FOURTH YEAR. 

Mi~zing. Ventilation. Winding-machinery. Underground-trans. 
port. Pumps. Dressing and Concentration of ores. Practice in 
Mining Laboratory in Ore-dressing. 

Economic ~eology. Detailed description of American ore-deposits 
and mines. 

~qtreng~h of Materials and Hydraulics. 
~.Machinery and .Motors. Hand-machinery. Water-wheels. Boil- 

ers. Steam-engines. 
Chemistry. Lectures, and Laboratory Practice. Syntheti9 Experi- 

ments. Quantitative Analysis. 
Geology. American Geology; Lithological, Stratigraphical, Pal~e- 

ontological. 
Chemical Geology. Origin of rocks, vein-stones, ore-deposits, coal, 

petroleum, salt, etc. 
Metallurgy. 
.Practical .Lithology and .Building materials. 
.Physics. 
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.Drawing. Geological Maps and Sections. 
ing Machil~ery and Implements. 

EnFlish ~iterature. 
Political Economy. 
French or Italian. 
6~e~man. 

Plans of Mines. ]Kin- 

The foul" years' course is so arranged as to secure to the 
student a liberal mental development and general culture, as 
well as the more strictly technical education which is his chief 
object. 

The studies of the first and second years are somewhat gen- 
eral in' character, but are regarded as a necessary foundation for 
the more special studies of the two succeeding years. 

The special professiqnal studies peculiar to this department 
commence with the third year. 

Instruction is given by lectures and recitations, and by prac- 
tical exercises in the field, tile laboratories and the drawing- 
rooms. In most of the subjects problems are given the stu- 
dents, to be worked out omside of the lecture-room. A high 
value is set upon the educational effect of these practical exer- 
cises. 

The space devotecl to laboratories, and the lbrominence given 
to laboratory work, in Physics, Chemistry, Assaying, Blowpipe- 
analysis, Metallurgy and Ore-dressing is a marked feature in 
the scheme of instruction of the Institute. I t  is believed that 
this school offers unusttal facilities in this regard. 

The Chemical Laboratories cover 4,000 square feet. 
The Mining, Metallurgical, and Assay Laboratories cover 

2,000 square fl~et. 
The BloWpipe Laboratory covers 550 square feet. 
The Physical Laboratories cover 3,500 square feet. 
The Drawing Rooms cover 8~556 square feet. 
A course of thirty lectures on Physical Geology and Geogra- 

phy is given to the students of the second year by Professor 
Niles. 

The study of the surface of the earth, of its external fen- 



20 
t 

tures ,  t he i r  o H ~ n  and  nmdificat ions,  is essent ia l ly  the subject  oi 

" this  course.  A proper  knowledge  of  the  surt~dce includes  

necessa r i ly  a co r re spond ing  acqua in t ance  wi th  the  a r r a n g e m e n t  

of  rock-masses ,  in  so far  as t h e y  have  d e t e r m i n e d  the  cha rac te r  

of the  surface-features ,  and  especia l ly  the  geological  agencies  

which  are  cons t an t ly  p roduc ing  the  ch 'mges  of  the  surface.  

T h e  a im of  the  ins t ruc t ion ,  in  the  course of Prof .  :Niles is, 

the re fore ,  to p resen t  c l ea r ly  the  mos t  i m p o r t a n t  re la t ions  be- 

tween  sm'face features  and  u n d e r l y i n g  geological  format ions ,  

and  to show the  act ion of  the  g r ea t  dynamica l  fi)rces; or in  

o the r  words  to teach  Phys i ca l  G e b g r a p h y  a n d  Phys i ca l  Geology  

in the i r  n a t u r a l  re la t ions .  

T h e  k n o w l e d g e  of  these re la t ions  becomes of  g rea t  pract ica l  

va lue  in d e t e r m i n i n g  the  e x t e n t  or even  probable  occur rence  of  

ce r ta in  o re -bea r ing  rocks, and  of coal-beds in ce r ta in  districts,  

s ince ,  w h e r e  the  rocks are comple te ly  covered  by  soil, the  topo- 

graphica l  fea tures  m a y  be the  on ly  guide  in " p r o s p e c t i n g . "  

:EXERCISES~ T H I R D  AND FOURTH YEARS.  

"Descriptive and Theoretical 
Geology . . . .  

American Geolorv . 
rraeti , l Litl olo 'y and fiuild- 

ing  Stones . . . .  
Chemical Geology 
Mining . . . . . .  
Economm Geology 
Paheontology . . 
Metallur_~y . . . .  
:Industri~ Chemistry 
Quantitative Analysis . . 
Chemic'd La;boratory Practice. 
Assaying, da'y way . . . 
Blowpipe and Determinate 

Mineralogy . . �9 . 
Descriptive Mineralogy . . 
~lining and Metallurgical La- 

boratory Practice. . . 
Physical Laboratory Practice . 

30 lectures . . . Prof. Hunt. 
30 lectures . . . ,, ,, 

15 lectures . 
15 lectures . 
70 lectures . 
20 lectures . 
50 lectures . 
40 lectures . 
40 lectures . 
40 lectures . 
10 to 15 hours a week.  
10 ex. (2�89 hrs.. each) . 

~lS.ex. (1 to 2 hrs. each) 
15 lectures . . " . 

10 hours a week . . 
3 hours a week, 1 year 

�9 Prof. Rockwell. 

�9 Prof. Hyatt. 
. Prof. Ordway. 

�9 Prof. Crafts. 

Prof. Richards. 

~ 6G 

Prof. Pickering. 
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Calculus . . �9 60 lessons . . Pres. Runkle. 
Mechanics �9 �9 . 60 lessons . . " " 
Civil Engineering . . 40 lessons . �9 . Prof. Henck. 
Strength of Materials and Hy" 

drauhcs. . �9 �9 �9 40 lessons �9 . . Prof. Watson. 
Machinery an(1 Motors . 25 lessons . . . ,' " 
Z~atural History . . . 25 lectures . . . Prof. Kneeland. 
French . . . . .  2 hours ~ week . . 
German . . . . .  2 hours a week . , 
English . . . .  2 hours aweek . , �9 
Drawing . . . . .  3 to 6 hours u week . 

G E O L O G Y ,  L I T H O L O G Y ,  E T C .  

T h e  inst ruct ion ill Geo logy  a n d  ce r ta in  re la ted  subjects  is 

g iven  by Prof .  S t e r r y  I I u n t ,  in four  courses,  de l ivered  y e a r l y  
to s tudents  of  the  3d a n d  4 th  years .  

I. 3d Year. T h e  first is a y e a r l y  course  of  tili r t y  lec- 

tu res  on Descriptive and Theoretical Geology. This  embraces  

the  classification of  the  Sc i ences ;  Scope of  Geological  S tud-  

i e s ;  N a t u r e  of Rocks ,  or  L i t h o l o g y ;  S t r a t i g r a p h y ;  Succes-  

sion of  F o r m a t i o n s ;  Zoological H i s t o r y ;  Geological  D y n a m -  

i c s ; C h e m i c a l  and  Phys i ca l  F o r c e s ; A q u e o u s  a n d  I g n e o u s  

Agenc ie s  ; C u r r e n t s  ; Sed imen ta t ion  ; E l eva t ion  and  Subsi-  

d e n c e ;  Geograph ica l  Dis t r ibu t ion  of  F o r m a t i o n s ;  N a t u r e  a n d  

Or ig in  of  M o u n t a i n s ;  Vo lcan ic  Ac t ion .  

I I .  4th Year. T h e  second is a y e a r l y  course  of  th i r ty  

lec tures  on American Geology, compr i s ing  In t roduc t ion  ; Geo-  

logical H i s t o r y ;  Geo logy  of  N o r t h  A m e r i c a ,  cons idered  ( 1 )  

Li thologica l ly  ; ( 2 )  S t r a t ig t ' aph icaUy;  ( 3 )  Pa lmonto log ica l ly ;  
C o m p a r a t i v e  Geognosy .  

I I L  T h e  third is a y e a r l y  course  of  fif teen lec tures  on  

_Practical Zitho~oqy, compris ing the  minera log ica l  composit ion of 

Rocks  ; Bui ld i~g-s tones ,  the i r  cohesion, porosi ty ,  etc.  ; Gran i tes ,  

Marb les ,  Lime~,~tones, Sands tones ,  S la tes  ; L imes ,  Cemen t s ,  and  

M o r t a r s ;  O r n a m e n t a l  S tones  a n d  G e m s .  

I V .  T h e  fourth is a y e a r l y  course  of  fif teen lec tures  on 

Chemical Geology, or the  C h e m i c a l  H i s t o r y  of  the  G l o b e ;  

compr is ing  the  Origin  of  Rocks ,  both  strat i f ied and  mis t ra t i -  

' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 i ] 1 '  i f  . . . . . . . . . . . . . .  I I f  " l  ~ I " l i l l  ' l  ~ ' i I ' IF I ' I ' / I '7  .... 
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fled; the History of Vein-stones and Ore-deposits ; the Forma- 
tion of Coal and Petroleum; the Chemistry of Salt-deposits 
and of Mineral Waters ; the Seat and Origin of Volcanic and 
Earthquake phenomena. 

MINING AND ECONOMIC GEOLOGY. 

The instruction in Mining and in Economic Geology is g~ven 
by Prof. Rockwell, in two yearly courses, delivered to students 
of the 3d and 4th years. 

I. The first is a yearly course of 70 lectures oll Mining. 
The student is made acquainted with the general character of 
the various deposits of the useful minerals, and with the theory 
and practice of mining-operations~ such as the methods of 
search or " prospecting," - -  boring for oil, coal or water,--the 
sinking of shafts, with the timbering, walling or tubing of the 
stone, the driving of levels; the different methods of working 
lodes, coal-beds, etc., the underground-transportation of the 
mineral, hoisting, pumping~ ventil~0tion and lighting, together 
with the'machinery and other appliances colmected with these 
and other opera~ions ; ill short~ the great variety of operations 
comprised under the general ter~n, Exploitation. Ore-dress- 
ing, or the mechanical separation of ores from their gangues, is 
discussed somewhat at length~ and the machines described by 

�9 means of which this concentration is most economically ef- 
fected. The practical com'se of' ore-dressing and smelting in 
the Mining and Metallurgical Labaratory, affords the stude:lt 
opportunities for acquiring a familiar knowledge of the treat- 
ment of ores~ such as can be got, under ordinary circumstances, 
only at the best mines. 

II. The second is a yearly course of twenty lectures on 
Bconomic Geology, n~ainly devoted to a detailed description of 
the coal and ore-deposits of' North America, especially such as 
are most extensively.worked. 

The student who is a candidate for the degree of the Insti- 
tute, i's expected to spend a portion of his vacations in some one 
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of the principal mining-districts ill tlle study of file local pecu- 
liarities of the ore-deposits, and tlle details of actual working, 
and to submit a full report upon the same, with drawings. 
Those who intend to become metallurgists, may take smelting- 
works instead. Through the kindness of several proprietors 
certain mines in difibrent regions have been made accessible to 
students, for the purpose of systematic study. 

M E T A L L U R G Y  AND INDUSTRIAL CHEMISTRY. 

The instruction in Metallurgy and in Industrial Chemist~: is 
give:l by Prof. Ordway, in two courses of tw(~ years each, deliv- 
ered to students of the 3d and 4th years. 

I. The.first is a two years' course of forty lectures on Met- 
allurgy. The subjects discussed are fuels, fluxes, slags, furnace 
construction, and the roasting, smelting and refining o f  the 
various metals. 

II. The second is a two years' course of forty lectures on 
Industrial Chemistry. The manufacture of acids, alkalies, 
~alts, pottery, glass and organic products, and the arts of dye- 
ing and printing are file principal subjects treated of. 

In connection wi th  these lectures, excursions are made to 
Manut~aetories and Metallurgical Works, and practical exercises 
are given in the laboratories. The students are required to 
make drawings and designs of apparatus used or to be used id 
large operations. 

MINING AND M E T A L L U R G I C A L  LABORATORY.  

The purpose of this laboratory is to furbish the means of 
studyiug experimentally the various processes of ore-dressing 
and smelting. Ores of all kinds are here subjected to precisely 
the same treatment, and by the same machinery and other 
appliances that are in use at the best Mines and Metallurgical 
Works of this and other countries. 
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The laboratory has, already in successful operation the most 
approved Ore-dressing and Mill-machinery for gold and silver 
ores now in use in California and :Nevada; consisting of afire- 
stamp-battery, an amalgamating-pan, a separator and a concen- 
trator, complete in every respect~ and capable of treating half a 
ton of ore a day. These were obtained the past summer in 
San Francisco. There will be added during the present year 
an ore-crusher, a hydraulic jigger, a Rittinger shaking-table, 
and all other appliances necessary for the treatment of every 
kind of ore. The machinery is driven by a steam-engine of 
upwards of 15 horse-power. 

For Metallurgi.cal treatment the laboratory contains at pres- 
ent a reverberatory roasting-furnace, crucible and assay-furna- 
ces, and a blacksmith's forge; and there are now being erected 
reverberatory and blast: smelting-furnaces capable of working 
400 pounds of Ore per day, and a cupelling-furnace sufficient 
for working 50 pounds of lead at once. To these will be added 
retort and other smaller furnaces for various uses. All of these 
will be ready for use by October of the present year. 

Tile experimental work of this laboratory is ct~rried on by 
the students, under the immediate supervision of Prof. Rich- 
ards. A sufi3ciently large qualltity of ore is assi~,ned to each 
student, who first samples it, and determines its character and 
value by analysis and assays, and makes such other preliminary 

,examinations as serve to indicate in a general way the proper 
method of treatment. He then treats the given quantity, 
nrakes a careful examination of the products at each step of the 
process, ascertains the amount of power, water, chemicals, fuel 
and labor expended. In this way the same ore is subjected to 
several, methods of treatment, and by a comparison of the re- 
sults obtained, the student learns the relative effectiveness and 
economy of different methods, as applied to the same ore. It  is 
believed that the experiments conducted in this way, and upon 
such a scale, will prove of direct practical value, not only to the 
student, but to the Mining interest at large, by showing how 
existing methods of treatmeJ~t may be advantageously modified 

meet the requirements of new complex ores. 
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The Institute has now on hand about eleven tons of gold and 
silver ores, representing over seventy di,Terent mines in Color- 
ado and Utah, which were collected by the Institute-party of 
professors and students during their recent trip to these territo- 
ries. These ores will be" worked, and reports of the results 
sent to those who so generously contributed them; and it is 
hoped that by such co~ipe~tion the laboratory will continue to 
receive the necessary amount and variety of ores. 

The following experiments u p6n gold ores have been bemoan ; 
but all the products have not yet been fully tested, on account / 
of the approach of the annual examinations : - -  

1. The Lode, :Nevada City, Colorado, 3"24 lbs. 
2. T h e -  Lode, Nevada City, Colorado, 110 lbs. 
3. T h e - - L o d e ,  Central City, Colorado, 255 lbs. 
4. The -Lode, North Carolina, 103 lbs. 
5. The Lode, Central City, Colorado, 250 lbs. 

PALIEONTOLOGY. 

The instruction in Pal~eontology is given in a yearly course 
of 50 lectures by Prof. Hyatt, one-half of which are delivered 
to tile 3d year and one-half to the 4th year students. 

Pal~eonto]ogy, or tile history of ancient animal l~fe, and Strat- 
igraphical Pal0eontology, or the study of the distinctive and 
characteristic fossils of tile different formations~ are taught as a 
necessary foundation for the further study of Geology. The 
aim of the course is to give the student a practical acquaintance 
with the structure of the characteristic families, and orders of 
living and extinct animals, and by a judicious selection of ex- 
amples to familiarize him to some extent with the genera which 
characterize various formations. 

The handling and the drawing of specimens by the students is 
an essential feature of the method of instruction. The lectures " 
of the instructor are devoted largely to explanato D, demonstra- 
tions of the specimens wI~ich the students are at the ~ same time 
drawing. The success attending this mode of teaching palaeon- 
tology has shown its valae. 
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MINERALOGY AND BLOWPIPE PRACTICE. 

The instruction in Mineralogy and the use of the Blowpipe 
is given by Prof. Richards, in two courses to students of the 8d 
year. 

I. The first is a course of 45 exercises (of one to two hours 
each), in which the student is taught Determinative Mineral- 
ogy by the study of crystalline i;orms, and the physical proper- 
ties of minerals. He is instructed in Che use of the blowpipe 
for the qualitative determination of minerals, and in the quanti- 
t~tlve assay of silver and copper ores. 

II. The second is a course of fifteen lectures on Descriptive 
Mineralogy, accompanied by critical examinations, and the hand- 
ling of specimens on the part of the student. 

ASSAYING. 

Tile instruction in assaying is given by Prof. Richards in a 
course of ten exercises (of two to three hours each), in which 
the student learns to perform the ordinary dry assays of gold, 
silver, lead and otl~er ores. Instruction in wet assaying is 
given by Prof. Crafts. 

CHEMICAL COURSE FOR MINING ENGINEERS. 

The chemical instruction of' the mining-students extends 
through tile four years. The course in' General Chemistry oc- 
cupies the first year; and during this time the students work two 
hours each week in the chemical laboratory. Each student 
performs for himself a great variety of experiments designed to 
illustrate the properties of the various chemical elements and of 
their more important compounds: he also prepare~ a number of 
such simple and compound substances as are of use in the arts 
or serve to illustrate :the laws of chemical change. The knowl- 
edge thus acquired by the practical work of the laboratory is 
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supl)lemented and enforced by lectures, recitations and frequent 
examinations. 

During file second year, more particular attention is given to 
the theory of Chemistry, and to Qualitative Analysis. The lat- 
ter branch of the subject is taught by laboratory-exel~cises, each 
student working four hours a week. As during the first year's 
course, these laboratory exercises are accompanied by recita- 
tions and examinations. 

During the fllird year the mlning-students take a systematic 
course of quantitative analyses, occupying six hours per week 
ill the laboratory, and attend a weekly lecture, or exel:clse in 
which methods of analysis are discussed, an~ the results of in- 
vestigations too recent to be found in text-books are presented 
to them. Mining.students may take in addition, as a voluntary 
exercise, a course of special analytical methods, reciting from 
German text-books. 

In the fourth year the students are engaged in laboratory- 
work during tile hours bet~veen 9 x.M. and 5 P.M., which are not 
devoted to recitations and problems in drawing, metallurgy, etc., 
which more nearly concern their professional studies. They all 
get about three hours daily for chemical work; and many are 
able to spend more time in the laboratory without neglect of 
their other studies. They accomplish a tolerably thorough an- 
alytical course, comprising the analyses of salts, the more 
common minerals, and pa'rticularly of ores and metallurgical 
products, and extending as Sat, as the more difficult analyses, 
such as the determination of all the constituents of cast iron or 
steel; so that a student in his professional worl~ as.a mlning-en- 
gineer may be independent of the assistance of a chemist, and 
competent to deal with all ordinary investigations. 

Some students, who show a special aptithde for chemistry," 
are encouraged to take up special investigations connected with 
metallurgy ; and all accomplish work which may b~ considered 
a sufficient preparation for their professional career. 
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PHYSICS. 

Tlle instruction in Phy~cs, extending through the first thrce 
years of the course, is given by Prot: Pickering. During the 
first two ),ears the whole subject is thoroughly discussed mathe- 
matically and experimentally in lectures illustrated from the ex- 
tensive collection of physical apparatus of tile Institute. 

In the third year the students enter the Physical Laboratory~ 
and learn to use the different instruments and to perform a va- 
riety of experiments. Special attention is paid to the testing of 
physical laws by comparing the observed and computed results. 

Tim students fnrther carry on systematic investigations of 
particular subjects, during the fourth year, and pursue such 
courses of experimentation as have a direct bearing on their 
liroi'essional studies. 

COLLECTIONS. 

The geological collcction of tile late Prof. Hem T D. Rogers 
of the University of Glasgow, p~~ to the Institute by 
Mrs. Rogers, is made up chiefly of fossils and rock-specimens 
fi'om American localities, and in certain branches is peculiarly 
valuable for instruction. Tile collection of ores and vein-stones 
is already large and varied, and is constamly receiving additions 
from the various mining regions. 

A typical set of models of mining-machinery, chiefly from 
Freiberg, Saxony, is used in the course of instructibn. They 
are designed mainly to illustrate the principles of the various 
processes of mining and ore-dressing, but combine also the latest 
improvements in machines. They show in detail the methods 
of working underground by underhand and overhand stoping, 
the timbering and walling of shafts and levels, the arrange- 
ments of pumps, man-engines, ladder-ways, hoisting-ways, the 
sinking of shafts, etc. The m(mhines for irentilation as well as 
those for ore-dressing are working models. The latter illus- 
trate all the stages of the concentration of ores. 
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The collections and library of tlle Boston Society of Natm,'~l 
History are, by an agreement between the Society and the In- 
stitute, fi'eely open to thd students. These collections rank 
among the first in the country for extent and value, and in 
many departments are unsurpassed ; the library is rich in work s 
op~ Geology and Natural Science and embraces the leading 
American and Europeau journals and periodicals on those sub- 
jects. 

The instruction in certain subjects is given by file Professrls 
of the Institute in the lecture-room of the Natural History 
Sociekv, whose b:',lilding is upon the same square with the Ir sti- 
tutc of Technology. 

The private collections of some of the professors, especially 
that of Prof. Hunt (which is very cpmplete in litl~clogy mid 
miner/fiogy), are available for purposes of instruction. 

T]te Boston Public Librar~j. Tile professors and students of 
the Institute are also allowed the full use of this exteI:dve and 
valuable library. 
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R E P O R T  UPON THE INSTRUCTION IN. QUANTI-  

T A T I V E  ANALYSIS IN 1871-1872. 

The opening of a new laboratory room has increased by 
about three-fifths the space devoted to the work of tile third 
and fourth years' classes in Quantitative Analysis, so that the 
desk-room i:~ amply sufficient for the ordinary work of classes 
of the present size. 

It  has, however, been found impossible to secure the small 
rooms, which should adjoin the main working rooms, and 
which should contain the more delicate pieces of apparatus, 
such as the balances, tnicroscopes, spectroscopes and apparatus 
for gas-analysis. In default of these, a glazed partition has 
been thrown across a part of one of the laboratories, and in 
this way, without sacrificing the light of a window, a small 
i'oom has been provided for the balances and the chemical li- 
brary, which answers its purpose very well ; but unfortunately 
it is not far enough removed from the laboratory to secure tile 
balances from danger of injury from acid francs, which occasion- 
ally escape into the air of that room as the result of an accident. 
The weighing room is also too small for laboratories provided 
like ours with places for forty-six students. The cases in which 
operations with acids are carried on, are connected with flues 
having an excellent draught, and thanks to them it has been 
found possible, with careful manipulation on the part of tlle stu- 
dents, to keep the air of the laboratories as pure as it usually 
is in such rooms ; but this task is rendered irksome by a defici- 
ency iv proper ventilating flues opening directly into the rooms, 
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and by tile fact that tile rooms, having a low ceiling, offer a re- 
stricted bulk of air to deal with. These arc defects which 
cannot apparently be remedied in tile existing building. 

Several new appliances |br tiLcilitating the laboratory-work 
have been inw~luced during the past year. These include, be- 
sides improved forms of apparatus, some of those labor-saving 
contrivances, which may find their place ill a laboratol T as well 
as in a work-shop. Under Professor Ordway's directiops 
several wrought iron steam boxes, capable of resisting a great 
pressure, have boen purchased and set up. They are connected 
with die boilers used for heating the building, and when the 
steam is passing through them they serve as iron tables, which 
can be maintained at a constant temperature, and oil which so- 
lutions to be evaporated can be left without danger of being 
over-heated. 

One of tile most remarkable improvements in analytical 
chemistry has been the introduction by Professor Bunsen, ot 
Heidelberg, of an ingenious mechanical attachment to the ordi- 
nary filters, allowing them to be connected with a very simple 
air pump, worked by water and greatly accelerating filtration. 
A few such pumps had already been constructed in the school, 
after the discovery by Professor Richards of some important 
improvements in their form.. This year one has been set up at 
each desk in the new laboratory, while means are provided to 
the student for making for himself the apparatus attached to the 
filters. These appliances have proved so easy to manage, so 
inexpensive, and of such value in shortening the time required 
for analysis, and consequently allowing the student to take a 
more extended course, that it is proposed to provide each desk 
in the old laboratory with the,~ next year. 

A new method of making copper assays, which has lately 
been tested with great thoroughness in Germany, has been 
suceessfhlly tried" in the laboratory, and even beginners have 
obtained very exact results with it. The process depends upon 
the use of a galvanic battery, and anumber of tliese of Meidin- 
ger's pattern, which remains in constant action many weeks, 
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have been set up in different parts of the laboratories. It  was 
deemed that such processes would be of little use to the student 
in Ills after career, unless he could easily procure the necessary 
apparatus, and it was therefore considered an essential part of 
his instruction to suggest to him by examples, ways of supply- 
ing his needs with the commonest materials. 

The batteries in question were made in the laboratory from 
t 

pieces of lead pipe and broken bottles, and the perishable part, 
which is the zinc element, was cut ti'om the thick plates of zinc, 
which have been introduced of late years for sheathing vessels. 
With a few hints in such directions a student may often supply 
himself at a small cost with apparatus timt is not attainable 
ready made in this country; and in this connection may be 
mentioned a new apparatus fbr weighing hygroscopic bodies, 
made entirely by the students, of which an account will shortly 
be published ; also the preparation by some of the students of 
their own measuring tubes for gas analysis, whicli are graduated 
by means of Bunsen's simple instrument, and the graduations 
are afterwards etched upon the glass. 

In the absence of a proper room for gas-analysis, through 
Prot~ssor Pickering's khidness, a portion of the physical labora- 
tory has been set apart tbr this purpose, a sufficient quantity of 
mercury has been purchased and instruction in this important 
part of a chemical course will be given next year. 

As important additions to the laboratory apparatus may be 
mentioned a Hofmanu's combustion fhrnace, and a new balance 
by Beckcr. A spectroscope by Steinheil of Munich, a sacchar- 
ometer by Soliel of Paris, with quartz compensating prisms, 
and a eel T large and delicate balance by LirJgke of Freiberg, 
have been placed at the service of those students who require 
them for any special purpose. 

The progress of the students in their analytical work has 
been satisfactory, and a considerable number of them have 
voluntarily spent more than their required time in the labora- 
tory. 
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Tile students who take the course in Quantitative Analysis 
are of two classes, those who take it as a part of their course in 
Mining Engil~eering, and those who make it their principal 
study with the intention of becoming chemists. I t  was tblt that 
the distinction between the studies required in each course was 
not sufficiently marked, and that the chemical students had time 
to take up more of the theory and practice of chemistry, than 
tile pressure of the other stud:es of the mining students would 
allow them to attend to during the last term. 

By way of experiment two new classes were established ; one 
a voluntary class of the third year's students, reciting from a 
small German text book upon some special subjects in analytical 
chemistry ; the other comprised all the chemical students of the 
fourth year's class, as well as two volunteers, who were gradu- 
ates of the school. The subject was organic chemistry, and it 
was looked upon from two points of view. In the first place 
an endeavor was made by using very advanced text books, and 
by giving citations from the chemical journals of the most im- 
portant of the discoveries, more recent than the text books, to 
show the student where to look for the complete description of 
the facts, which subsequent work might require him to ~tudy, 
and at the same time to impress upon his memory" the more im- 
portant points, presenting them in relief agains(the minor ones. 
In the second place considerable attention was paid to the some- 
what intricate theories of organic chemistry, in the belief that it 
is the best ground upon which to encounter and master the 
theories of chemistry in general. 

The choice of text books was lei~ free and the larger number 
in the class selected Kekul~, a work in German, and the most 
complete yet published on the subject. I t  was with some ap- 
prehension that this formidable text-book in a foreign language 
was attacked, but the experience of the term seems to approve 
the choice. 

The lessons covered about twelve hundred pages octavo and 
of com'se the whole text was not even read in preparation for a 
recitation, but it was not difficult to select the more important 
statements; familiarity was gained with the arrangement of the 

3 
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best guide to a complete knowledge of the subject, and a favora- 
ble position attained for beginning its thorough study as a spec- 
ialist when separated from the assistance of a teacher. Some 
stress may be laid upon file value of the acquirement of the 
technical words in German during a course of study of this kind. 

It is very possible that tile class of this year were unusually 
well fitted to take up tills st:bject, several of them reading Ger- 
man with ease, and certainly it would be premature to found a 
decided opinion about the best course for tile future upon so 
short an experience; it has been determined, however, to re- 
quire next year, for the chemical students of the third year's 
class, an additional course in a special branch of analytical chem- 
istry from a small German text book (no good English one on 
the subject is procurable), besides the regulal; course of lectures 
on analytical chemistry, which are taken by the chemical and 
mining students alike; and in the fourth year's course, the 
chemical students willhave two recitations a week on or ganic 
chemistry, accompanied by lectures, and the choice of text-book 
will be left free. A written description has been given to the 
class of several text-beoks, and no advice as to a choice is given, 
even when asked. Success with one or the other depends so 
much upon the character of the person using the book, that it 
ii thought desirable to leave the responsibility with each indi- 

v/dual. 
In conclusion, the fruits of the year's work which we can 

offer to the public, are two short investigations ready for pub- 
lication, one made by a student of the graduating class who has 
shown an unusual aptitude for chemical work, another by one of 
the professors. 

I t  is to be .hqped that in the future a larger number of the 
students may be able to go over untrodden gromld before finish- 
ing their course, and also that the laboratory may offer sufficient 
inducements to attract more experienced workers to make in- 
vestigations there. 

J.  M. CRAFTS,  
Professor of Analytical and Organic Chemistry. 

June 8, 187~. 



# 

) 

REPORT OF THE DEPARTMENT OF ARCHI- 

TECTURE. 

President Runkle, Dear 8it  : - -  

At the close of the fourth year in which this Department has 
been in active operation I beg to present the following account 
of its present condition, of what it has thus far accomplished, 
and of what had previously been done by way of preparation 
for this work. 

This preparation had consisted chiefly in such examination as 
I had been able to give to foreign schools of architecture, with 
some personal consultation with architects both in this country 
and abroad, and in the collection o~" casts, photographs and 
drawings, and other materials, which the generosity of some 
friends of the school had given the means of purchasing. 
Some unusually favorable circumstances rendered these collec- 
tions much more extensive and valuable than was reasonably to 
be expected, especially in respect to medieval sculpture and 
carvings and architectural drawings. A large and almost unique 
collection of casts from Lincoln and Southwell fortunately fell 
into my hands, which, I was afterwards able to supplement by 
considerable additions from French Gothic work of the same 
period. At the moment of returning home I was also enabled, 
by the generosity of Mr. Ernst Benzon, of London, formerly a 
resident of Boston, to purchase an unusually good collection of 
school drawings, " made by students in architecture at the Ecole 
des Beaux Arts, in Paris, and at the French Academy in Rome. 
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These collections were largely augmented by the kindness of 
many gentlemen, mostly architects, who, both in England and 
on the Continent, evinced a lively interest in our undertaking, 
and contributed not only photographs of their works, but trac- 
ings and lithographic copies of working drawings, with speci- 
mens of specifications, estimates, bills of quantities and various 
forms of business papers. Our thanks are specially due to Mr. 
Waterhouse, Mr. Withers, Mr. Keeling, Mr. Norton, Mr. Nash, 
Mr. Rickman, Mr. Edis, and file late Mr. Papworth in London, 
and Mr. Bryce in Edinburgh, and to M. Viollet le Duc, M. 
Charles Gamier and M. Lesoufacher in Paris, for their gener- 
ous contributions. M. C~sar Daly also preseitted to the depart- 
ment his valuable work illustrating the domestic architecture of 
the Second Empire, and the French Minister of Public Instruc- 
tion, M. Duruy, acting through our Minister, Gen. Dix, put at 
our disposition a number of illustrated works relating to the ar- 
chitectural history of France, among which were the magnifi- 
cent monograph of the Cathedral of Chartres and the two vol- 
umes entitled the"  Statistique Monumentale de Paris." The 
Secretary of the Institute of Scottish Architects in Edinburgh 
also gave us a nearly complete series of the publications of that 
Society, the Architectural Publication Society of London added 
their miscellaneous publications, and the Royal Institute of Brit- 
ish Architects not only presented us with a complete set of their 
valuable Proceedings, but were good enough to put us upon 
their books, so that we have continued regularly to receive the 
papers they have published. Altogether, besides these books 
and papers, the collections comprised, at the moment of opening 
the school, about 2,000 photographs, 500 prints, 400 plaster 
casts, 200 crayon drawings, 40 water-colors, mostly of archite~.t - 
ural subjects, and 30 manuscript architectural drawings, large 
and small, besides 100 sheets of working drawings, mostly trac- 
ings, and some specimens of tiles, pottery and stained glass. 

These vp~rious obiects were classified and arranged in the 
rooms of the Architectural Museum during the spring and 
summer of 1868, and wall-catalogues giving the names of a 
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chief part of file plaster casts were printed for the convenience 
of visitors, of whom several hundred visited the Museum dur- 
ing the next year. On the opening of the Department at the 
beginning of the school year in October, sixteen pupils pre- 
sented themselves, ~'our of whom were special students in archi- 
tecture within the school, spending their whole time over their 
school-work. The others were students or draughtsmen in 
offices, coming to the school only to attend lectures. 

During this year the lectures were mostly historical and crit- 
ical, as a part of the Course of Design, the Course of Construc- 
tion not being undertaken. A course of lectures upon Per- 
spective, however, was given in the course of file winter, which 
was attended by the ~-hole of the Third Year's class. The work 
of tile year~ after some preliminary exercises in the use of india- 
ink and color, consisted of a series of problems in design, of grad- 
ually increasing difficulty, originated and worked out by the 
students under my advice and supervision ; such as, among 
others, a Balcony, a Bridge, a Triumphal Arch, a Swimming 
Bath, a Mausoleum, a Chapel, and some problems of ornament, 
such as a Honeysuckle frieze, a four-leaved Corinthian capital, 
etc., etc. 

The second year, beginning in October, 1869, I was fortun- 
ate enough to secure the services, as my assistant, of Mr. 
Francis W. "Chandler, now Assistant Supervising Architect of 
the Treasury Department at Washington. Mr. Chandler had 
formerly been a student and draughtsman in my office, and had 
then just returned from the completion of his studies in Paris. 
He continued ~n the school until the first of April, spending 
his whole time in the drawing-room, giving the clas~ just at the 
moment each might need it the benefit of his advice and assist- 
ance. The marked improvement made by the class under this 
arrangement convincedme, of what indeed hardly to my mind 
needed this proof, that the only way to secure rapid progress in 
this work is to have personal instruction from a highly accom- 
plished teacher constantly at hand to save the students from 
the loss of time and trouble, which, in the beginnings of so 
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dit~cult and complicated a study must otherwise be very great. 
During the last part of the year the class were strong enough 
to get along without more constant supervision than I could 
myself give them. I, however, engaged the services of Mr. 
Langerfeldt to give them ~essons in water-color drawing, and 
of Mr. Virgil Williams, who for sevel~l months gave them 
lessons in crayon drawing several times a week. 

During this year there were twenty-two students attached to 
the Department, of whom twelve were students in offices, and 
only attended lectures. The other ten spent their whole time 
at the school as special students in Architectm'e, many of them 
taking in addition to their professional work some of the math- 
ematical or other studies open to them in the school. 

My own work comprised, besides the instruction given to the 
class in Design, of the same general character as the year be- 
fore, a course of lectures in Construction, in wt~ich the ordinary 
detail of office work was gone over in connection with the spec- 
ificatio~s and working drawings. The work of the class, in like 
manner, comprised, besides the series of problems in design, the 
working drawings of a small frame house, with details and spec- 
ifications, according to designs of the:r own. The problems in 
design embraced, among other things, a Campanile, employing 
the Doric, Ionic and Corinthian orders ; a Hospita! and Alms 
House for 40 pensioners, with Chapel, Refectory, Hospital, etc., 
all with open roofs; a set of church furniture, font, pulpit, etc., 
etc. ; a half-timbered house ; a school and library building, with 
passage to a church beneath; a summer-house between two 
bridges; and a number of minor subjects. A considerable 
number of the drawings embraced in these series were drawn 
in perspective. Much of the work was in the Gothic style. 

The Boston Society of Architects, "wishing to do its part in 
the work of architectural education," established this year two 
annual prizes, consisting of books, of the value of fifty dollars 
each, to be given to the ~tudents who should exhibit at the end 
of the year the best year's work. A committee consisting o~" 
Mr. Cabot, Mr. Cummings and Mr. Van Brunt, awarded th,~ 
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prize for the best work in the class of Design to Joseph A. 
Pond, of Allston, and a Committee consisting of Mr. Hartwe]l, 
Mr. Preston and Mr. Brigham awarked the prize for the best 
work in the class of Construction to William M. Woollett of 
Albany, N. Y. 

The third year, from October, 1870, to June, 1871, the class 
numbered fourteen special students, many of whom were the 
same as the year before, with only two or three from the officei~. 
]Indeed, experience had shown that it was almost impessi~ie for 
young men actively employed as draughtsmen to command time 
for any other stated avocation, by day. The attendance of this 
class of students had in the previous years been very irregul~r, 
ceasing almost altogether towards the end of the year. 

The work resembled very closely that of the previous year, 
except that for accidental reasons, although the lectures in con~ 
stnlction were carried on, the work done by the class under 
this head was but slight. The prize in construction was accord- 
ing~y not awarded. That in design was given to Frank Spin~ 
nin~, of Dayton, Ohio. Mr. Langerfeldt and Mr. Williams 
continued their lessons in water-colors and crayon-drawing, and 
towards the end of the year the class had a course of a dozen 
lessons in modelling under the care of Mr. Alexander Johnston. 

Mr. Cl~andler's engagements were such that, to my great re- 
gre'~ and that of the class, he was obliged to relinquish part  of 
his work at the school in January, and on the 1st of March 
gave it up altogether. I t  proved impracticable to supply his 
place either for the remainder of the year or for the year to 
come, very few young men in this country having the sort of 
training that fits them for school-work, and those few being in 
great dem~md for other work. In this case there seemed to be 
only one course left, and as soon as Paris was open to the 
mails I wrote to my correspondents both there and ' in  London, 
begging them to employ their good offices to find among the 
young men about to leave the ]~cole des Beaux Arts some one 
competent and suitable for our vacant post. I t  w s not until 
the month of December, however, that any definite result wa 
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reached, and it was January before I had the pleasure of wel- 
coming my new assistant, Mr. Eugene L~tang, and tile satisfac- 
tion of sharing with him a labor whch I had borne almost with- 
out assistance since the preceding March. 

This somewhat adventurous step, which from the circum- 
stances of the case I was obliged to take almost upon my sole 
responsibility, has met with a success even greater than I had 
hoped. In professional attainments, I knew that of course a 
student of the ~remiJre Glasse, a pupil of so eminent an archi- 
tect and successful an instructor as Mr. Vaudremer, could not 
but be a thoroughly accomplished architect, and one thoroughly 
versed in the best methods of the best system of architectural 
discil~line. Still, it is not without anxiety that one invites a 
foreigner to take part in our own undertakings, and in the present 
case there was cause to fear that the obstacle of language might 
prove an insuperable one. Tile event has proved, however, 
that these fears were unfounded. The awkwardnesses of the 
position have been met with tact and good sense, and as the 
young men have for the most part some knowledge of French, 
and are glad to practice what they know, what promised to be 
a source of embarrassment has been, in fact, a positive advan- 
tage. But of late English has again begun to prevail in the 
drawing-rooms. 

The year's work has been of substantially the same character 
as before, except that during the last half of the year a con- 
siderable number of small problems, each occupying'only a 
couple of days, or at most a week, have been introduced. The 
subjects of these have been, for instance, a Porch, a Carriage- 
Porch,. a Portico in a Garden, a Peristyle, a Mantel-piece, etc., 
etc. The crayon or charcoal drawing has also, in Mr. Lg- :  
tang's hands, assumed a more prominent position, and the class 
have made good progress in it. I have also required the class 
every morning tobring in in their sketch books a pencil-sketch of 
some building, a plan, or an architectural detail, an exercise in 
every way salutary. A considerable part of the class have also 
done a fair amount of work in Descriptive Geometry, and in 
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shades, shadows and perspective, partly under my own instruc- 
tion, and partly in connection with other departments of the 
school. The study of Detail Drawin~ has also been pursued 
with very satisfactory results, though to but a limited extent, 
in connection with lectures upon Carpentry and goinery. It 
is impossible to go very" ~:horoughly into these subjects without 
an entire interrup*fion, for the time, of everything else. But in 
view of the fact that a clfief part of the class were looking to 
spend a portion, at least, of fl~eir four months' vacation in archi- 
tect's offices, it seemed best to do what could be done in pre- 
paration for that w~rk. 
" The different topics embraced in the Lectures have been 
chosen so as to illustrate as far as possible the work the class 
might have in hand. These have been on Construction, on 
History and Critic:,~m, on Shades, Shadows and Perspective, 
and the Perspective of Shadows, on the Composition of Mould- 
ings, of Details and of masses; on the Orders, on the Topog- 
raphy of Rome, on the Tuileries and the Louvre, making 
about seventy lectures in all, delivered two or three times a 
week, and occupying an ht;ur and a half or two hours each in 
the delivery. It has been necessary to give a good deal of in- 
formation, viva voce, that might better have been obtained from 
text-books, if proper text-books were to be had. Indeed, a chief 
part of my own labor has consisted in collecting and putting 
into shape the common-places of architectural information, 
filings which every architect knows, but which are not as yet 
accessible to students. 

These various works occupied the first six months of the 
year, and sufficed for preliminary study. On the ist of April a 
more important subject was taken in hand, which has occupied 
the rest of  the year ; the sketches and finished drawings for a 
Casino or Pleasure House, situated in a formal garden and sur- 
rounded with statues and fountains. This sort of subject, 
though remote from daily use and experience, is for that very 
reason best suited to this stage of advancement, as it necessi- 
tates the close study of the best masters, stimulates the fancy 
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and ima~nation,~ and does not involve the numberless considera- 
tions of practical detail, which it would not do to slight, and yet , 

which the class are not yet prepared to entertain. A more 
practical problem would require for its solution a more .extended 
experience than such a class can possibly have had. Work of 
this kind, on the other hand, while it taxes their powers to the 
utmost, both in the design and in the execution of the drawings, 
does not demand for its satisfactory performance any greater re- 
sources, either of knowledge or skill, than they have at com- 
mand. 

The result has amply justified this view, which is, indeed, 
supported by our own previous experience and by the practice of 
the best schools abroad. The progress of the class during these 
eight months, in the essentials of professional culture, has been 
very satisfactory. It is only by such incessant practice of 
original design, under proper guidance and criticism, that the 
creative and imaginative faculty can be exercised and devel- 
oped. Moreover, it is through the varied manipulations which 
exercises of this sort exact, that artistic draughtsmanship is best 
acquired�9 Drawing thus becomes to the student not a mere 
mechanical exercise of hand and eye, but a means of expres- 
s ion,--a  language by which to convey the architectural idea he 
has conceived in his mind. 

The plans, sections and elevations which the class exhibit as 
the result of these two months' work are confidently presented 
in vindication of these views. They are in great l~art the work 
of. students who had begun the study of architecture six months 
before. About half the class accomplished this work. The 
rest, who through absences or from other causes~ were not 
strong enough to undertake it, have spent the time in exercises 
more suited to their condition. 

Hitherto the classes in Architecture had consisted entirely of 
Special Students in this Department, most of whom had had no 
previous connection with the school. This year, ~'however, two 
Regular Students presented themselves, young men, that is to 
say, who had been through the first two years' course, passing 
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all the required examinations, and who proposed to take, along 
with their architectural work, the fm'ther scientific studies re- 
quisite for a degree. This they have satisfactorily accomplished, 
and although they have not, of course, done as much Archi- 
tectural work as the students who could give all their time to 
it, they have kept up with the class, and have constantly shown 
the value of the preliminary training the earlier years of the 
school had given. 

The work of the Regular Course thus gone over, in connec- 
tion with the Departments of Engineering, has comprised the 
elements of the Differential and Integral Calculus, and their ap- 
plication to Statics and Dynamics, iUustrated by work in the 
Physical Laboratory, consisting of about a dozen practical 
problems in Friction, the Resolution of Forces, and the Deflec- 
tion of Beams under various kinds of strain. These students 
have also done seventeen problems in Stereotomy, with the ne- 
cessary drawings, and had instruction in Electricity aud Mng- 
netism, besides keeping up their exercises in French, German 
and English. 

The Scientific studies of the Fourth Year will be less numer- 
ous, and will give Regular Students in this Department more 
time for their professional work. It will embrace a series of 
exercises in the Physical Laboratory, specially desired to illus- 
trate architectural problems, and a course of lectures upon 
Building Materials, Mortars and Cements. 

This development of our work promises to be a permanent 
one, several students of the present Second Year having signi- 
fied their intention to become regular students in Architecture 
in the autumn. 
�9 The history of the last year was marked by an incident of 
special interest in the meeting in Boston of the Fifth Annual 
Conventioa of the American institute of Architects, which, by 
invitation of the Institute of Technology, was held in the rooms 
of this Department. The opportunity of seeing so large a 
number of men, eminent in the profession, from different parts 
of the country, and of listening to their discussions, was keenly 
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enjoyed by the students. The Convention, in adjourning, be- 
sides making their acknowledgments for the courtesies extended 
to them, signified in strong terms their satisfaction and plea- 
sure in observing the scheme of Architectural Education the 
Institute of Technology had set on foot. 

The work of these four years, though in great part tentative 
and experimental, and full of the deficiencies that come from 
limited resources and limited experience, has not been without 
its good results, and has been highly encouraging for the future. 
At  the present moment, it may be claimed that the Department 
has fairly established itself in the confidence of the proi~ssion 
and I of the community, and it may "count upon a constantly 
increasing support and more extended usefulness. It  is as yet 
too early to say how many students will be in attendance 
another year;  but there is no reason to look for any diminution 
of numbers. On the contrary, the number who have already 
entered their names, and the frequent applications for informa- 
tion from students and architects in different parts of the coun- 
try, seem to justify the expectation of a considerable increase. 
There is no doubt that we are better able than ever before to 
meet the reasonable expectations of the profession, and to fur- 
nish the instruction and discipline, of every sort, that an archi- 
tectural education implies. 

In this respect the proposed establishment in the School, of 
Post-Graduate courses of study, will be of special advantage to 
this Department, enabling us at the same time to extend the 
range of our work and better to arrange and classify it. As 
the professional work in the other Departments of the School 
is accomplished during the Third and Fourth Years, we have 
'hitherto, in order to conform to them, had to set down the 
arcbitectural work also, under the form of a two years' course ; 
but to give notice that hardly in any instance could two years 
suffice to complete it. The extension of the period of study for 
an indefinite term after the regular course is finished will re- 
lieve us from this embarrassment. I t  Will now be possible 
by exacting a certain amount of vacation-work and somewhat 
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diminishing the work set down to be clone in connection 
with the classes in Civil Engineering, to give the regular 
students of these two years a sufficient knowledge ~f the 
elements of Architecture not to  discredit the s c h o o l -  not 
enough to make them architects, even in the ' sense in which 
their fellows become at once Chemists and Civil Engineers, 
but enough for Bachelors of Science, enough to enable them 
to pursue their further studies, in offices and in this Depart- 
ment, to the best advantage. This undergraduate work will 
thus be complete in itself, including all that relates to the scien- 
tific basis of the profession, giving all that an architect needs to 
know of Mathematics, Chemistry, Physics, Geology and En- 
gineering, with as much of Architectural Drawing and of 
Architectural Design as can reasonably be comprised within the 
regular curriculum of a school of science. 

The Post-Graduate course will then take up such special sci- 
entific topics as may prove desirable, with something of Practice; 
but it will be chiefly occupied with advanced" work of composi- 
tion and design, in continuation of that begun in the Third and 
Fourth Years. This work is perhaps more germane'to a school 
of Art  than to a school of ~cience. But it is a work greatly in 
demand, and one which we may ourselves take in hand with 
great advantage to our own undergraduates, to more advanced 
students, wherever trained, and to the community. 

By the study of Practice is meant a systematic discussion of 
professional and business matteks, such as contracts, specifica- 
tions and working drawings, and the relP.tiovs of architects to 
their clients and to their workmen. The~e topi~:s are obw~ously, 
in the main, better suited to advanced students than to begin- 
ners, and a class fitted to take it up can go over this grotu.~d to 
very great profit in a limited period of t;..me. 

But for the main work of the Post-Graduate course, the study 
of Architecture as a branch of the Fine Arts, no period of time 
can be fixed, and no special curriculum assigned. Architecture 
in this aspect is not an exact science, and the methods appropri- 
ate to a school of science are less pertinent to this part  of the 
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work than those of a school of art. Still it may be possible, 
without attempting to set any limit of time, nor to fix upon any 
course of study as in itself sufficient, to prescribe certain tests 
of attainment, as is done at the Ecole des Beaux Arts, by which 
the further honors of the school shall be governed. Just what 
th~s~ hcnors shall be, and by what rules they shall be awarded 
may best be left for time and experience to determine. 

Such a course of architectural study, beginning with the pre- 
paratory work of the Undergraduate course, and extending in 
the Post-Graduate course over an indefinite period, should be 
made available, not only for the regular and special students, but 
for draughtsmen working on half time, or by intermittent and 
temporary engagements, in the architects' offices of the city. 
The great advantage to the school of securing such a class of stu- 
dents is obvious, and they should be received on such terms and 
for such periods as may best suit their necessities. Their work 
would naturally exhibit a seriousness of purpose and a command 
of resources that could notfail to act as a powerful stimulus upon 
their juniors, and to affect in the most ]~avorable manner the tone 
6f the school and its whole standard.of performance. I t  is in 
this way, moreover, that the Department can best profit by the 
advantages of its position, in being established in a community 
where the practice of architecture is so excellent in respect 
both of construction and of design, and where the character of 
the profession is so respectable in point both of ability and of 
attainments. A practical familiarity with the work of the pro- 
fession, which no schooling of course can give, must needs be 
sought in a good office, while the best discipline of an office 
needs to be supplemented by an academic training. If, by com- 
ing to Boston young men can combine both opportunities, and 
thus, in time, earn enough to pay their expenses as they go 
along, without foregoing the work of personal culture, they will 
not be 'slow in anypar t  of the country in finding it out. To 
young men already well advanced in their professional studies, 

~k 
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the advantages of such an opportunity will hardly need to be 
insisted upon. 

And in no other way, it seems to me, can we meet the reasor~- 
able expectations of the friends of the school, answer the higher 
demands of the profession, and do justice to our own position 
and resources. Architects so much need draughtsmen and as- 
sistanfs of all sorts that our students are constantly drawn off 
into office-work before we have begun to show what we can do 
with them. But we are prepared to give a first-rate architectural 
education, and the profession and the community are eagerly 
demanding young men who have received it. By enabling 
practicing draughtsmen to attach themselves permanently to 
the school, working upon an advanced class of problems dur- 
ing such leisure as they can command, during a term of years, 
the Department may hope to meet this want, and to vindicate 
its claims to a place among the agencies of a superior culture. 

As time goes on and our needs are defined by experience, 
the deficiencies of our equipment in respect both of books and 
of models, begin to be keenly felt. It is very desirable that 
some regular provision should be made for supplying from year 
to year what proves to be most needed. The constantly in- 
creasing collections of the Engineering Departments are in- 
deed of great service to us, especially in respect of Descrip- 
tive Geometry and Stereotomy, and the Trustees of the 
Public Library, in opening it to ~ur students, and in promptly 

�9 buying such new books as may be asked for, have given us 
every advantage which we could obtain from a library of our - 
own. The establishment of the Museum of Fine Arts, also in 
the immediate neighborhood of the Institute, will presently put 
at our command extensive collections of works of art of every 
kind. But besides these resources we need to have certain 
things close at hand, in daffy service. Books for consalta- 
tion and constant reference, freely accessible to  the students, 
are our most present want, and the more manifest deficiencies 
of all our collections need to be made good, and recent pro- 
ductions added. The generosity of the friends and patrons of 

�9 
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the school is, however, constantly doing much to relieve these 
wants, and the collections have considerably increased since 
their formation by various voluntary contributions. The most 
conspicuous of these additions is the stained glass, which has 
been partly purchased, but is in chief part the gift of the mak- 
ers. It is arranged in four movable screens, and comprises 
work by Messrs. Morris & Co., Layers, Barraud and Westlake, 
Heaton, Butler and Bayne, Clayton and Bell, J. T. Lyon and 
G. E. Cook in London, Cottier in Glasgow, and Cook and Mac 
Donald in Boston, besides some fragments of mediaeval win- 
dows. Messrs. Maw & Co., of Brosely, Salop, have sent us 
four large squares of their mosaic and encaustic tiles, suitably 
mounted for exhibition, besides numerous smaller specimens, to 
which have been added a considerable number of painted tiles, 
chiefly by the glass-stainers just mentioned. We have also re- 
ceived from Dr. Salvia~i a gift of a capital specimen of his re- 
vived manufacture of Venetian glass mosaic, for which and for 
many other benefactions we are indebted to the good offices of 
Mr. R. P. Spiers, of London, one of our constant friends. 
Among other additions to the collections may be mentioned a 
complete set of the photographs of the original designs for the 
Law Courts in London, and a cast of the head of Michael An- 
gelo's David at Florence, presented by Mr. Edward Atkinson. 
Mr. C. F. Shimmin has given us an early set of Hancock's 
reduced restorations of the friezes from Phigaleia and from the 
Parthenon. Mr. Hatfield and Mr. Wight also, architects of New 

�9 York, sent us, on returning from the Convention in November, 
valuable additions to our stock of working drawings and speci- 
fications. Besides occasional purchases, our stock of books has 
been increased by a set of fourteen volumes of the "Illustrated 
London News," presented by Mr. F. H. Jackson, and the first 
seventeen volumes of the "Builder," by Mr. J. C. Hoadley. 

We have also received an interesting collection of drawings, 
illustrating the system of black-board instruction in use in the 
public schools of Belgium, presented to the Institute by the 
municipal authorities of the Commune of St. Josse-ten'Noode, 

4 
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Brussels, through l~Ir. Hendrickx, the originator of the system. 
The Trustees of the Boston Athenaeum have also deposited 
with us, on loan, a number of casts of architectural details and 
models of buildings; and the Trustee of the Lowell Institute 
has, in like manner, given us the use of a large collection of 
lecture diagrams, a valuable addition to our resources in this 
particular, which, though constantly growing, are as yet far 
behind our needs. 

Among the most interesting objects upon our walls have 
been the works of tlre students themselves, which have been 
regularly hung in the Eastern or Green Room, under the 
French drawings, remaining there until displaced, by their suc- 
cessors. Some of the best of them have been photographed 
before being returned to their authors, With a view of forming 
a porte-folio of student~' works. 

These various sul~jects have not only been of service to our- 
selves, but have been freely used in the cause of art education, 
wherever, in tile present deficiency of such appliances, they 
have promised to be useful. Especially in the evening drawing 
classes, recently established in Boston and other towns, and 
which have to a considerable extent depended for teachers upon 
the students in this and other departments of the School, they 
have done excellent service. 

The whole undertaking has proved more arduous than it 
seemed at first, and constantly grows more and more difficult 
as we enter upon its higher paths. But from the point we have 
now reached we see more clearly the dangers we have escaped 
as well as the difficulties of file road before us, and the de- 
gree of success which, in spite of all shortcomings, has attended 
the efforts already made, is the best possible encom'agement for 
the future. 

The best work, of course, that a school can do is to discover 
and develope first-rate talent and to turn it towards the work 
for which it is best fit, and it is the aim and ultimate hope 
of this Department to attract-the attention of young men 
of superior capacity, so to arrange its methods of instruction 
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as to stimulate their best efforts, and thus constantly to recruit 
the ranks of the profession with highly g]fte~cl, as well as with 
well-trained workmen. It  is as yet too soon to say-what; meas- 
ure of success may be  reached in this regard, but the rapidly 
extending knowledge of the elements of art among all classes 
may justify the expectation that whatever germs of artistic 
power may exist in the community will be brought to light, 
and this Department may hope. to do its part in their training. 
There is already reason to believe that we are not behind other 
nations in the quality of our raw material. The quality of our 
products will depend on the perfection of our educational pro- 
cesses. 

I am, v.ery respectfu!ly, 
Your obedient servant, 

W I L L I A M  R. W A R E ,  
Professor of Architecture. 

i 



REPORT ON THE INSTRUCTION IN STEREOTOMY 

AND MECHANICAL ENGINEERING. 

.To the PreMdent of the .t~stz'tute:~ 

The instruction in Stereotomy is given by lectures illustrated 
by diagrams and models, combined with practical exercises in 
drawing and modelling. I t  is furnished to the students in En- 
~neering and Architecture, and compre]~mnds the making of 
such plans, elevations, sections, patterns, and working ch'awings 
as are essential for the ere~tion of structures in masonry, wood, 
and iron: 

MASONRY AND STORE cv'rri~G. 

The instruction in masonry and stone cutting includes tile 
study of arches of various forms and positions, as cylindrical, 
conical, and warped arches; full centered, segmental, and 
elliptical arches;right, oblique, and rampant arches. The 
structures illustrating this part of the course have included 
portals, niches, corbels, groified, and cloistered arches, domes, 
stair-cases, and oblique bridges. 

DESCRIPTIVE GEOMETRY, 

Exercises in the more dit~cult parts of descriptive geometry 
have occasionally been introduced to facilitate and ensure the 
employment of exact methods. 
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MODEL.~LING I N  PLASTER OF P A R I S .  

Sets of modelling tools are provided and practical exercises 
in modelling have been given ; these consisted in executing from 
rough pieces of plaster, models of portals, oblique, and rampant 
arches, with the aid of patterns and drawings previously pre- 
pared by the students themselves. 

It  may not be out of place to state, that although this kind of 
modelling is taught in the European schools of engineering, no 
attempt has hitherto been made to teach it in this country. 

Moulding in phster has been taught to a limited extent. 

STRUCTURES I N  WOOD AND IRON,  

The instruction in carpentry includes framing, bay work, the 
construction of roofs, etc. Examples of Mansard roofs, of Eng- 
lish roofs, showing the combination of iron with wood, ensuring 
strength and durability ; and the most approved forms of iron 
roofs according to the system of Polonceau, have been given. 

Problems in construction and design, accon~anied with nu- 
merical data, have been given to exercise tile ingenuity of the 
student, and put to a practical test his acquired knowledge and 
skill. 

G R A P H I C A L  WORK~ 

Graphical exercises have been given to each student begin- 
ning with an exercise in descriptive geometry as follows:-- 

PROGRAMME OF THE FIRST PROJECtT IN THE APPLICATI01~ OF DE-  

SCRIPTIVE GEOMETRY TO THE ARTS. 

Intersection of a Surface of  Revolution by a Plane. 

A ,*~rus, the radii of whose generating and directing circles are re- 
spectively r and R, and the distances of whose centre from the planes 
of projection a and b, is intersected by a plane. This plane has a de.. 
clivity t; its horizontal trace making an angle a with the ground 
line, is at a distance d from the axis of the torus. (a --" distance 
above H.P. b - -  distance in front of u P.) 



53 

The students will present, 

1st. A drawing containing the two projections of the intersection 
of the plane with the torus, with one or more tangents to the limiting 
curve. The section should be colored according to the conventional 
tint. 

2d. A drawing containing the curve and it~ tangents in their own 
plane. 

3d. A memoir, explaining fully the principles and processes of the 
solution, the method in detail for tracing upon the solid in relief the 
curve of intersection, for cutting the solid, and for testing the accu- 
racy of the section. [The pattern for verification should be con- 
structed from the 2d drawing.] The students will use the following 
numerical data in alphabetical order. 

1 { - -  2 '16  2"24 2"32 2"16 2"24 2"32 2 '16 2"24 2"32 

r ~  1"12 1"20 1"28 1"28 1"20 1"12 1"20 1"12 1"20 

a - -  45 ~ 46 ~ 47  ~ 48  ~ 49 ~ 45 ~ 460  470  48 ~ 

t - -  0 '5  a ~--_ 2"00 b - -  4"00 d - -  4"00 

This exercise is varied by substituting for the plane or file 
torus, or both, developable, double curved, or warped surfaces. 

Then follow the exercises in masonry and stone cutting ex- 
ecuted by each student. 

Each drawing contains the plan, elevation, profile, section, 
and development (if  possible) of the arch, with the patterns of 
the joints. 

These exercises are as follows : - -  

1. Right cylindrical arch. 
2. " portal in ~, battering wall. 
8. Full centered oblique p6rtal. 

4. " " portal in a round tower. 
5. Spherical niche. 
6. Solid corbel (known by the name of '~Prompe.) 
7. Vaulted conical portal. 

8. " portal (known as Arridre vousure de~qaint Antoin,z.) 
9. " portal .( " ,, - ,, de Marseille.) 

10. Groined arch. 
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11. Cloistered arch. 
12. Dome. 
13. Exercise to illustrate the properties of the warped sur- 

faces. 
14. Spiral staircase. 
15. "All original exercise with numerical data, illustrating 

the intersection of one arch with another of a different size. 
16. Oblique bridge. Helicoidal System. 
17. Rampant arch. 

~EXERCISES IN MODELLING. 

The students this year have made three complete models: 
1. A vaulted conical portal. 
2. A rampant arch. 
3. An oblique arch. 

EXERCISES IN CARPENTRY. 

1. Constructir of a Mansard roof. 
2. Constructi~n of an English roof, illustrating the combi- 

nation of wood with iron. 
8. Bay work. 
4. Construction of an iron roof according to the system of 

Polonceau. 
[This last problem has not yet been completed.] 

MECHANICAL ENGINEERING. - -  THIRD YEAR. - -  
FIRST TERM. 

The instruction in Mechanical Engineering commences with 
Cinematics, or the study of motions as exhibited in machines, 
and treats of~the composition and resolution of such motions, 
and their graphical representation by means of curves, which 
serve to show the spaces, velocities, acce|erations, and paths of 
the moving points or pieces. Applications of these principles 



55 

are at once made in the construction of cams and sliding pieces. 
Next, the properties of rolled curves, with the exact and ex- 
pedetive methods for their delineation, are explained and ap- 
plied in the construction of all kinds of gearing. 

P R I N C I P L E S  OF I ~ E C H A N I S M .  

The principles of  mechanism are next taught according to 
the system of Willis. The study begins with simple element- 
ary combinations, and is extended so as to include the various 
contrivanchs for modifying the motion or the path of a moving 
piece, such as epieyclie trains, parallel motions, speed cones and 
pulleys, universal joints, link motions, etc:, etc. 

A recent examination paper is here introduced to illustrate 
the instruction, which varies from year to year as improvements 
suggest themselves. 

SEMI-ANNUAL EXAMINATION. THIRD YEAR. 

CINEMA.TICS. 

I. Hel lc~ot ion .  Investigate the motion of a body rotating 
around a given axis, and moving at the same time parallel to this axis. 

Example. A. body makes 40 revolutions per minute, and has at 
the same time a velocity of translation 4-~ times its angular velocity. 
Determine the trajectory, as well as the direction and velocity of a 
point 6 ft. from the axis of rotation. 

2. Combined Parallel Rotations. Let a plane passing through a 
fixed axis O, rotate about it with a given angular velocity a. Let C 
be a second axis in that plane, and parallel to the fixed axis O; and 
about the moving axis C, let a rigid body rotate with an angular ve- 
locity b relatively to the plane OC. Show how to find the position of 
the instantaneous axis and the resultant angular velocity. 

3. Uurvature of the ~itrochoids. Deduce the radii of curvature 
of the following curves employed in the construction of the teeth of 

q 

wheels : 
The Epieycloid, the Trochoid, the Cycloid, the Involute of the Cir- 

cle, the Archimediav[ Spiral. 
4. .Rotations about ~tersectinq Axes Combined. Let, OA be an 

axis assumed as fixed, and about it let a plane passing through OA 
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rotate with an angular velocity a. Let OC be a second axis in that 
plane and intersecting the first axis~t O; about the moving axis OC 
let a rigid body rotate with an angular velocity b. Show how to find 
the position of the instantaneous axis, the surface it describes, and the 
resultant angular velocity. 

.Bevel l~eels. Two axes intersecting at an angle of 80 ~ are to be 
connected by a pair of bevel wheels : one axis is required to make 
three revolutions to one of the other. The largest radius of the pin- 
ion is 12 in. ; this pinion is to have 44 cast iron teeth. The teeth of 
the wheel are to be of wood, and the width measured along the pitch 
surfaces is to be 5 in. The profiles of the teeth are to be involutes of 
the circle ; and finally there must always be at least one pair of teeth 
on the first in contact with a pair on the second wheel. Show how 
to lay out the teeth. 

5. Combined Rotation about Axes not in the same Plane. A rigid 
body rotates with an angular velocity p, around a given axis A in 
space ; this axis revolves around a second given axis B, not in the 
same plane with the first, with an anguh~r vclocity q. Required the 
resultant ~ngular velocity, the position of the instantaneous axis, and 
the surface it describes. 

~kew bevel Gearln 9. It  is required to connect two perpendicular 
axes no~ situated in the same plane by a pair of skew bevel wheels. 
The shortest distance between the axes is 12 in. ; the least diameter of 
the pinion must be 24 in. ; it must have 72 teeth 6 in. in width, meas- 
ured along the pitch surface. The profiles of the teeth are to be 
formed by epicycloids and hypocycloids. 

6. .Non Circular Wheels. What are the geometrical conditions 
that must exist between a pair of rotating surfaces, in order that they 
may move in rolling contact round fixed axes ? 

E~ample. The equation of the base of a cylinder rotating around 
a fixed axis is log. r - -  A # -I" B ; what must be the equation of the 

base of a second cylinder rolling in contact with the first and rotating 
around a second fixed axis. 

7. Slidin 9 of Teeth. Given the arcs of approach and recess, to 
find the amount of sliding of one tooth over another. 

8. •lidin# of ~wolute Teeth. Find the amount of sliding o~ two 
involute teeth, supposing the tangent to the base circles to make an 
angle of 75�89 ~ with the line of centres. 
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9. Adendum of _[n~,olute Teeth. Show bow to find the adendum 
for involute teeth. 

10. Swash-Plate. Find the equation expressing the motion trans- 
mitted by the swash-plate. 

Show how to make a cam which will give the same motion. 
11. "Cams. Show how to construct a cam which shall give any 

assigned motion to a moving piece. Given s - - f ( t ) .  
.Example. ~Iake a cam which shall give exactly the motion of an 

eccentric. 

MECHANISM. 

12. Wheels in Trains, Suppose two axes are to be connected, 
whereof one revolves once in 24 hours, and the other in 362 days 5 
hrs. 48 rain. 48 sec., show how to arrange the train. 

13. •crew-Cuttin 9 Lathe. What train should be used upon a 
screw-cutting lathe with a guide screw of ~ an inch pitch, to cut a 
screw with 13~ threads to the inch ? 

14. Least number of .Axes. Given the value of a train, the least 
number of teeth allowed upon a pinion, and the greatest number al- 
lowed upon a wheel, to find the least number of axes. 

Example. Required the least number of axes in a train of wheels 
which shall cause the last a'xis to revolve 180 times as fast as the first 
axis, allowing that none of the drivers contain more than 54 teeth, 
and none of the followers less than 9. 

15. F~icyclic Train. Deduce the~general formul~ for finding the 
value of epicyelic train. 

F~r.amp/e. Ferguson's Paradox. 

16. Paraflel Motion in Gorgon Enplnes. Explain the theory and 
construction of t~b~ parallel motion used in a certain class of marine 
engines, known as Gorgon Engines. 

'The  above instruction i s \comple ted  in four months ,  and  is 

followed by a course on the dynamics Of machinery .  
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OF MACHINERY. ~ THIRD 
SECOND TERM. 

YEAR R 

This comprehends the estimation and measurement of force 
and power; the application of ttle principles of virtual veloci- 
ties to m~chines ; the theory and use of the indicator and dy- 
namometer; the estimation of the effects of centrifugal force ; 
the determination of the safe speed of rotation for fly wheels, 
mill stones, polishing stones, etc. ; the method of balancing lo- 
comotives to prevent dangerous oscillations when running at 
high speeds; the estimation of the effects of fluctuations of 
speed; the study of re.~o~lating apparatus, as fly-wheels, gov- 
ernors, cataracts, brakes, etc; the computation of the loss of 
power due to secondary resistances; resistance of friction ; es- 
timation of the loss of mechanical effect, occasioned by the fric- 
tion of journals, pivots, teeth, screws, cords, belts, chains, etc. 

To illustrate this last important subject, a powerful machine 
is taken and the loss of power on account of file friction of 
each piece is successively calculated, and the efficiency of the 
whole machine deduced. 

GRAPHICAL WORK, 

The instruction in making sketches and finished drawings of 
machinery from models, and from actual machines is continued 
during the third year, but in addition to this, numerical and 
graphical problems pertinent to the subjects of the lessons are 
given from time to time: such as the construction of cams, ex- 
centries, link and valve motions, and all kinds of gearing. 

This is followed by exercises in drawing complete machines 
from given numerical data. For this purpose, liberal use is 
made of the collection of models belonging to this department. 

At  end of the year an examination over the whole course is 
held. The following is an examination paper: 
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&NNUAL EXAMINATION--THIRD YEAR. 

MECHANISM. 

1. ETicyelic Trains. 
Deduce the general formulae for finding the value of an epieyelie 

train. 

Example.--Explain the differentlal motion of the bobbin and fly 
frame, in cotton spinning machinery, and calculate the velocity ratios 
of the bobbin and the flier corresponding toseveral different positiomi 
of the belt upon the speed cones. 

2. Watts' Parallel Motion. 
Explain the theory and construction of the parallel motion used in 

beam engines, or in side lever marine engines. 
3...Boring Machines. 

Explain the machinery used for boring steam cylinders. 
.Example.--Show how to arrange a train with the guide screw of 

]r an inch pitch, so that the cutter shall advance ~ of an inch for every 
revolution of the boring bar. 

1, 

4. Speed Pulleys. 
Open 2~e/t.--Find the length of an open belt "upon a set of speed 

pulleys. 

.Example.--Let the diameters "of two a/~eed pulleys be 4, 6, 8, 10, 
12 inches respectively and the distance between their centres 6 ft" 
"Find the difference in lengtlt of belt required for the pulleys 12 and 
4, and that required for the pulleys 8 and 8. 

Grossed Be/t.--Find the length of a crossed belt for the above sys- 
tem of pulleys and show that it wiLl fit any pair of the speed pulleys 
with perfect exactness. 

DYNAMICS OF MACHINERY. 

5. Friction of an Axle. 
.Example.--& water wheel weighs 30,000 lbs., the radius of its cir- 

cumference is 16 ft., and that of its gudgeon is 5 in. ; how much force 
is required at the circumference of the wheel to overcome the friction~ 
or to maintain it in uniform motion when running empty, and how 
great is the corresponding expenditure of mechanical effect when it 
makes 5 revolutions per minute ? Co-efficient of friction 0.075. 
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6. Friction of a Pivot. 
Find the moment of friction of a pivot. 

1st. General case in which the equation of the longitudinal'sec- 
tion is y - - f  (x). 

2d. Flat pivot, 
Example.--A Turbine weighing 1800 lbs. makes 100 revolutions 

per minute and the diameter of the base of the pivot is 1 inch, how 
much mechanical effect is consumed in a second by the friction of this 
pivot? Co-efficicnt of  friction "- 0.10. 

3d. Schiele's anti-friction pivot (Tractrix). Find the moment of 
friction. 

7. Effects of Centrifugal Force. 
Exaraple.--The dimensions, density, and strength of a mill-stone 

are given ; required the angular velocity and number of revolutions 
per minute, which will cause rupture in virtue of centrifugal force. 
Radius of the mill stone 2 ft.; radius of the eye 4 in. Modulus of 
rupture 720 lbs., specific gravity 2.5. 

8. Fluctuations of Speed. 
Determine the coefficient of fluctuation of speed in a machine. , 
Example.--The fly wheel of an engine of 35 horse power makes 

20 revolutions per minute, its diameter is 20 fro, and its weight 20 
tons. I f  the engine were employed to lift a tilt hammer weighing 
4000 lbs., the centre of gravity of which is raised 3 ft., and if this 
were done merely by the work accumulated in the fly wheel what part 
of its angular velocity would it lose ? 

9. Ranl~'n's Isocronous Gravity-Governor. 
Find the r~ilations between the dimensions, the revolving mass, the 

load and the speed. 
10. .Ejfflclency of Teeth. 
Find the efficiency and counter-efficiency of a pair of spur and a 

pair of bevel wheels. 
Example.--A force of 912 lbs. is applied to the circumference of a 

pair of spur wheels having 221 and 111 teeth respectively. The co- 
efficient of friction is 0.10. What is the counter-efficiency and what 
force is transmitted to the second wheel ? 
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F O U R T H  Y E A R . - - F I R S T  TERM. 

The instruction comprehends : w  
The examination of tile materials used in Machinery,,viz. : 

iron, steel, other metals and their alloys, wood, leather, hemp, 
etc. ; the i r  uses, defects, and the methods of preserving them 
from rust and decay; their moduli or coei~icients of strength, 
elasticity and stiffness. 

RESISTANCE OF MATERIALS.  

This includes the estimation of the strength and stiffness of 
pieces exposed to tensile, shearing, bending, and twisting strains; 
factors of safety ; calculation of the strongest forms of pieces ; 
practical approximations to these; the effects of shocks and vi- 
brations ; the estimation of the strength of structures of stone, 
wood, and iron, as foundations, beams, columns, roofs, etc. ; 
theory of coutinuous, and bowstring girders. 

This portion of the course, which is thoroughly illustrated 
with practical examples, is followed by the students of Archi- 
tecture, as well as those of Mining and Mechanical Engineer- 
ing. 

SEMI-ANNUAL EXAMINATION.--FOURTH YEAR.~COURSES I~ III ,  IV. 

1. ~Extension. Deduce the general formul~ for extension and 
compression, and solve the following problem :m 

What must be the upper cross section of a wrought iron beam 
of the strongest form, 1000 r in length, when, besides its own weight, 
it has to sustain a load of 75,000 lbs. ? 

What will be the elongation ? ' 
Modulus of Tenacity, T --  10,000 lbs. Modulus of Elasticity 

--29,000,000 lbs. Weight of inch bar wrought iron per running 
foot --  3.34 lbs. 

2. Resilience. Compute the work necessary to extend or com- 
press a given beam or shah. 

JE~ample. The pumping apparatus of a mine is connected with 
tile engine by means of a series of wrought iron rods 200' long; 
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the section of each rod is ~ of a square inch; the strain is estimated 
at 6 tons. How many units of work are expended at each stroke in 
the elongation of the bars ? ~Iodulus of Elasticity--29,000~000 lbs. 

3. Fle~'ure and Cross breo~'ing. Investigate the case of a beam 
built in at one end, supported at the other, and uniformly loaded. 

4. Apply the foregoing investigation to the theory of continuous 
girder,, and solve the following problem : 

A wooden beam 40 r long, bearing a load of 500 lbs. per run- 
ning foot, rests upon three equidistant supports, what must be the di- 
mensions of the beam ? Modulus of working load 1000 lbs. 

5. Compression. I f  in the last example the centre support were 
a wooden post, what should be its diameter if the modulus of rupture 
be 6500 lbs,, and a six-fold security allowed ? 

6. Torsion: Deduce the formulm to determine the strength of 
shafts to resist torsion. 

PfJmmp/e. The cast iron, upright axle of a turbine exerts at 
the circumference of a cog wheel, 30" in diameter, keyed to this axle, 
a force of 2500 lbs. What diameter must be given to the shaft? 
Modul,~s of rupture 27,000 lbs., and a six-fold security to be allowed. 

7~ 2~'mfierln 9 in a mine. At what distance from each other must 
the 10" stretchers be laid to support a pile of refuse 60 f high of an 
over hand stope, in a vein 4 f thick, and dipping at 70~ The weight 
of a cubic foot of material to be supported is 65 lbs.; the coefficient 
of friction upon the supports is ~. 

8. Calculations for the establishment of a ~wstring girder. A 
bowstring girder, consisting of two beams 12 t long, 4" high arid 12" 
wide, with diagonal braces and vertical struts, is supported at the ex- 
tremities and loaded in the middle; the greatest opening be,~,ween the 
beams is 10". 

What is the moment of flexure of the upper ~earn unloaded, causr 
by the middle strut ? 

What is the radius of curvature of its mean fibre, and the relative 
elongation of the extreme fibre ? 

What is .the radius of curvature of the mean fibre of the girder, and 
its relative elongation ? 

What weight will the girder bear with safety? ModuI~is of 
strength = 12#00 lbs., and a three-fold security allowed. 

Compute the increase in strength due to the struts and bracing. 
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The following additional questions were given to the class in Me- 
chanical Engineering. 

9. Strength of an ax/e. A round, wooden axle of a water wheel, 
10 t 10ng, has to sustain the wheel together with its own weight, and a 
uniformly distributed load of 10,000 lbs. What diameter must the 
axle have ? Modulus of strength 10,000 lbs., and a ten-fold security 
to be allowed. 

10. .Limit of speed. Given the radius and section of the rim of a 
fly wheel, it is required to find the number of revolutions per minute, 
which will cause rupture from the action of centrifugal force. How 
many revolutions per minute can it make with safety ? 

11. .Dimensions of fly wheels. Given the energy stored in a fly 
wheel, the number of revolutions per minute and the weight of the 
rim, to find the mean radius and section of the rim. 

12. ~rength of gear wheels. Given the radius of the pitch circle 
of a gear wheel transmitting Nhorse power, and the number of revo- 
lutions per minute. Show how to calculate the pitch, number of 
teeth, their dimensions and those of the rim. 

13. ~'fect offluctuatlons of speed. The fly wheel in a rolling 
mill is connected with the rolls by a pair of spur wheels. At the in- 
stant at which the blooms, pass under the rolls (according to the ex- 
periments of Morin), a fluctuation of speed occurs of one-thirtieth, 
which lasts about one-seventh of a second. Suppose the number of 
revolutions of the fly wheel to be 70 per minute; let the energy 
stored in its rim lie estimated at 3,600,000 ft. lbs., what would be the 
pressure thus occasioned on the teeth of one of the spur wheels, hav- 
ing a radius of 3 ft. 8 in,, and situated on the same shaft as the fly 
wheel ? 

F O U R T H  Y E A R : - -  S E C O N D  T E R M .  

CONSTRUCTI01~" AND ESTABLISHMENT OF MACHINES, 
- "  �9 

This comprehends : 

The calculation of the strength, the requisite proportions and 
dimensions of the parts of machines, viz., those exposed to 

sl~earing stress, as rivets, pins, keys, wcdges, gibs, cottars, bolts, 
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screws, etc. ; those exposed to tensile strain, as cords, bands, 
rods, links,~etc. ; those exposed to shocks, and combined bend- 
ing and twisting actions, as shafts, journals, cranks, rims, arms, 
teeth, etc. ; the computation of the straining effects due to 
the power;  allowance for the centrifugal tension of bolts, of 
wheels and pulleys; centrifugal whirling of shafts. 

To illustrate this part of the course a powerful machine is 
selected, and the calculations made to deten~ine the stress upon 
each piece, and the proper proportions and dimensions which 
should be given to it. 

T H E  P R I N C I P L E S  OF T H E  ACTION OF CUTTING TOOLS. 

Description of shearing, paring and scraping tools; proper 
angles and speed for different kinds of work;  estimation of the 
work done in dynamical units ; combinations of cutting too|s ; 
advancing and transverse feed motions; machine tools m 
punches, lathes, drills; planing, slotting, shaping machines, etc. 

ANNUAL EXAMINATIO]~ FOURTH YEAR. 

CONSTRUCTION OF MACHINES. 

1. Strainln 9 effects bf Reaction. 
.F~ample.--A piston and its appendages weigh 300 lbs., the length 

of the crank is 15 in., the number of revolutions per minute is 60. 
Required the straining effect due to the accelerating force of the steam 
on the piston. 

2. Strength of Belts. ~entrifugal Tension. 
~ample.DSuppose a belt moving over a suitable pulley with a ve- 

locity of 600 ft. per miuute, transmits a work of 5 horse power. Rd- 
quired the centrifugal tension, tbe tension due to the force transmitted, 
and the proper width of the strap. 

3. Strength of A~es. 
F~ramp/e.DThe crank at the end of a shaft receives and transmits 

a work of 50 horse power; this shaft rests upon two bearings 6 ft. 
aparh and carries one of a pair of spur wheels ; this wheel situated at 
a distance of 5 ft. from the journal next the crank, weighs 3000 lbs., 
makes 35 revolutions per minute, and has a diameter of 14 r 8". :Find 
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the proper dimensions of the journal next the crank, taking into ac- 
count; 1st, the force transmitted;.2d, the weight of theawheel; 3d, 
an approximate value for the weight of the axle; 4th, the reaction of 
the teeth of the wheel against its pinion. Show whether at this've- 
locity the oil will be decomposed by overheating. Show also whether 
the pressure between the surfaces in contact is sufficient to expel the 
oil. 

4. �9 Transverse Vibr~ion of  Pieces. 

Example.--lst. A pine rod 1 centimetre square, supported at two 
points 1 m. apart and loaded by a weight of 1.37 k. is deflected 0.032 
m. Wl~at is its modulus of elasticity ? 

2d. The same rod was then loaded at the other end with a weight 
of 0.321 k. and put in vibration. The number of single vibrations in 
30 seconds was 100. What was the modulus of elasticity ? 

ACTION OF CUTTII~G TOOLS~ 

5. Determine the pressures and the work performed by shearing 
and cutting tools. 

ExamTle.--What force does a punching machine exert in punching 
a hole through plate iron ~" thick, for a rivet 1�89 in diameter? What 
amount of energy is expended ? f -  50,000 lbs. 

6. l~esistanee and Wor~ of  Paring Tools. 
Compare the work of the machine with that of lifting the materia 

pared off. 

HYDRODY:h'AMICS. 

7. Impulse of Water on Vanes. .Flat Vane. 
.Example.--A stream of water whose cross section is 40 square 

' inches, delivers 5 cu. ft. per second, and strikes normally against a flat 
vane, which moves away with a velocity of 12 ft. What is the im- 
pulse ? The mechanical effect ? What velocity must the vane have 
to produce the maximum effect ? Required the mechanical effect, the 
pressure, and the efficiency due to this velocity. 

HYDRAULIC MOTORS. 

8. Poncelet's Eloats. 
Describe and give the theory of Poncelet's floats. 

9. z~'loating Mill Wheels. 
Find the mechanical effect of a wheel in an open current. 

5 
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10. ~zrbines. 
Give the theory of the turbine ; compute the energy exerted by the 

water on the wheel, the energy expended, and the efficiency of the 

motor. 

COURSE ON THE STEAM ENGINE AND OTHER 

PRIME MOTORS. 

This course is given to all the students in Engineering, and 
comprehends the measurement of force and power ; the theory 
and use of the indicator and dynamometer ; the estimation of 
the resistance of friction in machines, and the principles "of hy- 
draulics pertaining to the construction of hydraulic machines 

and motors. 
PRINCIPLES OF HYDRAULICS. 

These comprise the measurement of water power ; the com- 
putation of the discharge over weirs, through orifices and sluice 
gates ; the estimation of the resistance in pipes due to friction, 
bends, mouth pieces: etc. ; the calculation of the mechanical 
effect due to the impulse of water upon vanes of various forms, 
and moving in directions oblique to the jet;  the computation 
of the speed of the vane to give the greatest effficiency; the 
best form of vane to receive a jet ; the effect of friction during 
the impulse ; the effect of centrifugal force. 

HYDRAULIC MACHINES AND MOTORS. 

The description of each hydraulic machine illustrated by 
models and diagrams ; the theory of its action, and the calcula- 
tion of its efficiency. These machines include the hydraulic 
press, single and double acting water pressure engines, water 
wheels, floating mi|l wheels, turbines, reaction wheels, etc. 

PNEUMATIC MACHINES. 

The description, theory, and the calculation of the efficiency 
of machines accumulating or using power by means of corn- 
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pressed air; as the Chemnitz machine, the compressing pumps 
and engines employed in tunnelling Mr. Cenis, etc. 

P R O P E R T I E S  OF STEAM AND GAS. ~ EFFECTS OF H E A T .  

The results of Regnault's and Fairbalrn's researches on 
the relations between the temperature, pressure, an~l specific 
volume of saturated steam ; the results of Zeundr's researches on 
superheated steam; the computation of the loss of heat by radia- 
tion, according to the experiments of Peclet; the effect of jacket- 
ing ; the computation of the heat thus economized per hour ; the 
calorific power of different kinds of fuel; the total ar, d available 
heat of  combustion ; the quantity of air, required for combustion 
and dilution. 

BOILERS,  FURNACES AND F I R E  GRATES.  

The description and general arrangement of a furnace and 
boiler; the strength and construction of boilers; the total and 
effective heating surface; the water and steam room ; the com- 
putation of the dimensions of a boiler to produce a certain quan- 
tity of steam per hour at a given pressure; the efficiency of 
a furnace; the efficielmy of the heating surface; the requisite 
amount of grate surfkce. 

STEAM AND GAS ENGINES.  

The estimation of the work of the steam in an expansive steam 
engine: 1st, when the pressure is supposed to vary according 
to Mariotte's law; 2d, when the pressure is supposed to vary 
according to Laplace and Po~ssen's law ; the efficiency of different 
kinds of engines ; the esthnation of the quantity of steam~ feed 
water, and fuel, requisite to supply an engine running at a given 
speed with a given pressure of steam ; the calculation of the ef- 
fective work on the crank shaft; the theory of the slide valve, 
(Zemmr's graphical method) ; the expansion valve ; the gas en- 
gines of Lenoir and Hugon; the recent improvements in this 
direction, with the binary steam and vapor engines. 
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This course has been illustrated throughout with numerical 

examples. 
The  following examination papers of last year are annexed:  

~KACHII~'ERY AND ~KOTORS.~FIRST EXA.~LINATION FOURTH YEAR. 

~fEASUREMF~T OF THE DYNAMIC EFFECT OF MXCHINES. 

I. Dynamometer. Explain the theo'ry of Proney~s friction dy- 
namometer, and apply it in the solution of the following problem : 

To determine the effect of a water wheel, a friction dynamometer 
was placed on the shaft when the water let on had been perfectly reg- 
ulated for six revolutions per minute ; the weight in the scale pan, in- 
cluding the reduced weight of the instrument, was 530 lbs., the lever- 
age of this weight was 10.5 ft. What was the horse power Of the 

wheel ? :~ 
2. "Indicator. Explain the theory of the indicator, and apply it 

in the solution of the following question: 
. A double acting expansive steam engine has two indicators, one at 

each end of the cylinder. The breadths of the diagrams given by 
each, measured on a scale representing pounds on the square inch, are 

as follows : 
Top, 279 83, 91, 91, 64, 57, 53, 42, 35, 22, 13 ; bottom, 36, 97, 96, 

84, 64, 57, 46, 40, 32, 22, 12 ; the area of the piston is 345 square 
inches ; the length of stroke is 30 inches ; the number of revolutions 
per minute is 52�89 ; what is the indicated horse power of the engine ? 

3. Brake. Explain the theory of the flexible brake, and apply it 
in the solution of the following question: 

To let down a shaft a load of '1200 lbs. from a certain height, the 
rope to which this weight is'attached is wrapped 1] times about a 
round, firmly clamped holder, and the other extremity is held by the 
hands; with what force must this extremity be stretched that the 
load may slowly and uniformly descend ? Let the coefficient of fric- 

tion, f---  0.3. 

•YDRAULICS. 

4. Discharge thrm~gh a rectangular orifice. Example. :If a rect- 
angular orifice is 31 wide, 1~ I high, and the lower edge lies 2~ r below 
the surface of the water, what w~ll be tile discharge per second ? 
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5. .Friction of the water in pipes. E~ample. What discharge 
will flow through a pipe 2". in diameter, u~.der a head of 3' of water, 
when the coefficient of resistance, owing to the friction in the pipe, is 
0.40. 

.LERO-DYNA .~ICS. 

6. W'orTr of.Bxpanslon. Compute the mechanical effect produced 
by the expansion of a giveh volume of air or steam. 

.Example 1. The inner diameter of the cylinder of a high pressure, 
double acting steam engine, without expansion, is 18", the number of 
revolutions per minute 24, the length of stroke 40 't. The steam 
gauge stands at 32.25 lbs. The  barometer indicates the pressure of 
the atmosphere to be 14.1 lbs. What is the pressure on the piston, 
and what is the power of the engine ? 

Example 2. In the last example what wolfld be the horse power of 
the same engine, working expansively, the steam being cut off at .4 of 
the stroke ? 

How much more steam would be used in the first case than in the 
second ? 

State the relative economy in using steam expansively. 
7. Gompressi,ng Engine. Make a sketch of the compressing 

engine (Compresseur ~ ehoe) used at the Mr. Cenis tunnel for sup- 
plying compressed air to the boring machines. Give the theory of 
this engine,'and calculate its efficiency. Diameters roof tim tubes 0.62 
metres ; height of ,the column of air compressed at each stroke 4.05 
metres; height of the .fall, 26 meters; pressure of the atmosphere 
10.330 metres ; pressure :in'the manometer 7 atmospheres after each 
stroke. 

8. Gompressi,ng pump. Make a sketch of the forcing pump 
(Gompresseur ~ pompe) used for the same purpose. Give the theory 
of its working, and calculate, its relative and absolute efficiency, sup- 
posing it to be driven by an overshot water wheel, using 60 cubic 
metres of water per minute, with a fall of 5.60 metres. Diameter of 
the pump 0.57 metres; length of stroke 1.20 metres; number of 
strokes per minute 16 ; manometric pressure 7 atmospheres. As- 
sume the efficiency of the water wheql to be 75 per cent. 

9. Safety Valve. Find the effective pressure necessai'y to open 
the safety valve and solve the following problem : 
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The statical movement of an unloaded safety valve is 10 inch lbs.; 
the sliding weight, 15 lbs., has a leverage of 10" ;  the arm of the 

valve measured from the valve to the fulcrum is 4 " ;  the radius of the 
valve is 1 .5" ;  what is the pressure per square inch on the valve ? 

HYDRAULIC MOTORS. 

10. Water Pressure J~glne. Calculate the principal parts of a 
single acting water-pressure engine used to drain a mine. 

Given depth of the mine, h --- 230 metres ; quantity of water flow- 
ing in per minute, q - -  1.792 cubic metres ;  source of power, a fall, 
H - -  60 metres, giving a quantity, Q : 20 cubic metres per minute. 
Loss o~ head due to friction, bends, valves, etc., k '  - -  �89 Loss of wa- 

ter on account of the pierced valve, k pt --- ~ .  Assume the length of 
stroke, Z - -  2.3 metres ; the number of strokes, n --- 5~ per minute, 
and limit the velocity of flow through the supply pipe to 2 metres per 
second. Calculate also the size of the supply pipe and the diameter 
of tile forcing pump. 

11. Effect of Centr~lgal Force. Effect of the centrifugal force 
on an overshot water wheel. 

Example. An overshot water wheel 32t in diameter makes 5 rev- 
olutions per minute, what angle does the surface of the water in the 
bucket at the extremity of a horizontal diameter make with a hori- 
zontal line ? 

12. Poncelet's Water Wheel. What  should be the curve of the 
longitudinal section of the head race for Poncelet's water wheel ? 

SECOND EXAMTNATIO~.N'. 

HEAT APPLIED TO AIR AI~D STEAM. 

1. GombS~ation of the laws of z]lariotte and Gay Zussac. 
.Example.--If 800 cu. ft. of air at a temperature of 10 ~ C., and at a 

pressure of 15 lbs., are brought by means of the blowing engine and 
warming apparatus of an iron furnace t o ' a  temperature of 200 ~ C., 
and a pressure of 19 lbs., what volume will it assume ? 

2. Specij~c Volume of Saturated Steam. 
.Example.--What quantity of feed water does a boiler require to 

produce 500 cu. ft. of saturated steam at a pressure of 3 atmospheres ? 
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3. Spec'i.fie Volurcne of Superheated Steam. 
In the last example let the steam be superheated to 150 ~ C, and at 

the same pressure ; what will be the amount of feed" water then re- 
quired ? 

4. Peclet's Law of Cooling. 
.Example.mA wrought iron boiler contains water at a temperature 

of 100 ~ C., and has a surface of 15 square mtrs. exposed to the air a t 
20 ~ C'-; what hourly cooling takes place ? 

R~eet of the Jacket. I f  the same boiler had a jacket of 25 square 
mtrs., what cooling would then take place ? 

C O N S T R U C T I O N  OF BOIL]~RS. 

5. Boiler with .Heaters. 
.Example.--Determine the dimensions of a cylindrical boiler with 

hemispherical ends to supply 520 lbs. of steam per hour. Let the 
boiler be furnished with two heaters. 

6. Strength of Boilers. 
_Example.--Find the proper thickness of plate iron for the fore- 

going boiler, on the supposition that the working pressure is to be 4 
atmospheres. 

T H E R ~ 0 D Y N A : ~ I I C S .  ~ . 

7. Apply Poissou's law for the specific heat of gases to deter- 
mine the work done by the expansion of a given quantity of air, gas 
or steam; and state what modification the formuke would undergo for 
each of these fluids. 

Example.--The inner diameter of a high pressure, double-acting, 
expansive' steam engine is 18 tr ; length of stroke is 40tt ; number of 
revolutions per rain. 24; the steam,gauge stands at 65 lbs; the steam 
is cut off at .4 of the stroke ; what is the power of the engine, and 
how much steam is required per hour ? 

Q U A N T I T Y  OF :FUEL CO~-~SU~ED BY A STEA.]~[ :E l eGIZE.  

8. A low pressure, non-expansive steam engine has a cylinder 6t 
long, and 2�89 t in diameter; number of revolutions per minute 1.8; 
temperature of the steam 104 ~ C.; temperature in the condenser 35 ~ 
C,; efficiency of the engine, 0.60, What is the power exerted on the 
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crank ? How much steam is used per hour ? How much feed water 
at 30 ~ C., will be required to supply the boiler ? How many units of 
heat per second will be require~l to produce this steam ? Let the effi- 
ciency of the furnace be 0.75, that of the heating surface be 0.60 and 
suppose 1 lb. of coal to contain 7500 units of heat. How much coal 
is consumed per hour? How much per horse power per hour? 

9. .E:~pansion slide Valve. 
ExamTle.nThe radius of the eccentric is 1.57 u, the steam is to be 

cut off at �88 of the stroke. Compute the breadth of the port in the 
expansion valve. 

10. .Balancing Locomotives. 
Show how to compute the proper weights to balance the centrifugal 

force in a locomotive. 

.ExamTle.--Show how to balance an inside cylinder engine of the 
following dimensions : Distance between the centres of the cylinders 
--  2 r 6 t', distance between the wheels 4 r 7u. Weights of the moving 

parts; crank referred to the pin 93 lbs.; connecting rod 188 lbs.; pis- 
ton and rod 174 lbs.; cross head 64 lbs. Distance of the centre of 
the counterpoises to be 3 times "the length of the crank. Determine 
the weight and position of each counterpoise. 

G R A P H I C A L  W O R K  : PROJ~ECTS. 

Projects for machines and motors are given when tile students 

have been made acquainted with the doctrine of the strength of 
materials, so as to be able to find the dimensions of' pieces to 
resist flexure, shearing, torsion, etc. They  consist of original 
designs for machines, involving the determination of' the 

strength, dimensions~, and proper proportions of the several parts 
by calculation. 

The pro~'amme of a project, given during the current  year,  
is here inserted as an illustration of the kind of work accom- 
plished. 

PROJECT :FOR A TRAVELLIlqG CRA~NTE TO BE USED I N  THE C01~i"-~ 

STIRUCTION OF A STONE BRIDGE. 

P~kRT FIRST.  

The load is to be moved along the bridge, across the bridge, and 
vertically. 

x 
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For this purpose there should be established a line of railway, one 
rail being placed on each side of the service bridge ; upon this track 
a car with four wheels is to run;  tbe platform of this car should con- 
sist principally of two wrought iron hollow beams. Upon this car 
should be placed a second track, at right angles with the first and laid 
upon these beams. Upon this second track a second car should be 
placed carrying a crab engine fu'rnished with a brake, a ratchet and 
detent. 

Thc present project is divided into two parts. The first consists of 
a memoir and the sketches requisite for understanding the machine is  
a whole and in detail. In the memoir the arrangement of the parts 
should be clearly described, and the dimensions given to the principal 
pieces verified. Finally, the force necessary to produce each of these 
three motions is to be calculated considering the effect of friction. 35 
lbs. should be the limit to the effort of a man turning a crank. 

The traction of the car is two per cent. of the weight. The data 
are as follows : - -  

l~laximum weight to be lifted . . . .  15,000 lbs. 
Vertical distance " " " . . . . .  20 ft' 
Width of the first track . . . . . .  40 ft. 

G R A P H I C A L  ~ V O I ~ K :  P A R T  SECON~D.  

The students will make a general plan, an elevation, and a sec- 
tion; also, the details of the transmission of all the motions, the 
brake, the engaging and disengaging gear, and in fact every thing 
necessary for the complete comprehension and construction of the 

machine. 
These drawings should be shaded in india ink, and the nature of the 

materials employed, should be shown by the conventional tints. 

T h e  follo~/ing projects, requir ing more or less original re- 

search have been done dur ing  the present  year .  

1. Project for an outward flow turbine to drive a cotton mill. 
2. Project for a travelling crane to be employed in 'the construc- 

tion of a stone bridge. 
3. Report on the construction and efficiency of the compressing 

pumps used at the Mt. Cenis tunnel, for supplying compressed air to 
the boring machines, accompanied with elaborate drawings. 

$ 

t, 

:V! 
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4. The computation for the construction and establishment of a 
packing press capable of exerting a pressure of 80 tons. 

5. ProjeCt for a water wheel according to the system of Ponce- 
let; to be used for driving a flour mill. 

6. Project for a rolling mill driven by a steam engine. 
7. Project for a parallel flow turbine system according to the sys- 

tem of Joaval, to furnish the power sufficient for a machine shop. 
8. Project for a gas engine according to the system proposed by 

Mr. Brayton. 

9. Report on the cor.struction and efficiency of the compressing 
engine used at the Mr. Cenis tunnel for supplying compressed air to 
the drills with drawings of the engine and its details. 

These projects comprise : - -  

1. The plans, elevations and sections of the machines. 
2. The working drawings of the details. 
3. A memoir containing the description and theory of the 

machines; the estimation of the resistances; the calculation of 
the strength and proper proportions of the parts, and the rea- 
sons for the particular dispositions adopted. 

EXCURSIONS. 

In aid of the practical studies of the School, the students have 
made a number of excursions, for the inspection and study of 
machines. The most recent are as follows : 

Feb. 17. To Brayton's Gas Motor : -  

The principles, tile m~ of action, with the details of the 
construction were explained by diagrams, and illustrated by the 
practical working of the machine. The analogy between this 
motor and the common caloric engine was carefully explained, 
together with the devices employed for substituting for ordinal T 
gas, the vapors of the volatile hydro carbons. 

The differences between this engine and'those explosive en- 
gines of Lenoir and I-Iugon were pointed out, together with the 
novel and ingenious application of the principle of Bourdon's 
gauge for automatically regulating the pressure. 

Feb. 24. To the Boston Gas Works to examine the practi- 
cal working of Hugon's Gas Engine. 
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The mechanism of the valves and the construction of the in- 
terior of the machine were shown by diagrams ; the quantity of 
gas consumed was observed, and the cost of running estimated. 
The effect of the introduction of a jet of water into the cylin- 
der was exhibited by curves showing the changes in the mano- 
metric pressure. 

~ 

March 2. To Houghton's Automatic Steam Pump. The 
apparatus Was shown by a beautifill glass working model. The 
analogy between this and Savery's steam engine was pointed 
out, together with the improvements introduced which rendered 
it safe and automatic. 

March 14. To the :Navy Yard in Charlestown, to see the 
powerful machinery employed in bending timber, the invention 
of Mr. Griffith," together with the travelling cranes, hydraulic 
presses, the Corliss steam engine, boilers, feed water heating 
apparatus, etc. 

March 30. To the works of the Iron and Steel Company at 
Nashua, N.H. Here the students had an opportunity of seeing 
a Semen's gas furnace, the Martin process for making steel, 
Armstrong's hydraulic cranes and accumulators for handling the 
ladles and ingots, the process of forging and finishing steel, and 
the rolling of large steel tires, requiring the use of heavy 
steam and hydraulic machinery. They also visited the l~ashua 
Cotton Mills, where they saw a Boyden turbine of enormous 
power; also the works of the Nashua Lock Company. 

April 27. To the Atlantic Works, in East Boston, to ob- 
serve the practical working of Mr. Ellis's Binary Vapor Engine 
for economizing the heat of exhaust steam by using it to vapor- 
ize sulphide of carbon. The ingenious air condenser was no- 
ticed, also the precautions to prevent the leakage of the volatile 
fluid. The analogy and the difference between Mr. Ellis's en- 
gine and that of M. DuTrembley was pointed out. Visits were 
made to the pattern shop, forge, and machine shop. 

In concluding this portion of the report the Professor in 
charge desires to express his obligations to the Superintendent 
of the Boston, Lowell and Nashua Railwa~r, and to the Super- 
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intendents of the various establishments visited, for courtesies 
extended. 

A D D I T I O N A L  MODELS. 

The following additional models have been received during 
the past year :'-:- 

A beautiful model of a warped helicoid with its itangent hy- 
perbolic paraboloid. 

A set of models illustrating the principles of perspective. 
A set of models of right and oblique bridges, with their ap- 

proaches and other accessory works. 
Model of a furnace and fire grate. 
Model of a French boiler. 
Model of an endless screw motion. 
Model of a face wheel and lantern gearing. 
A 1,!ghly finished model of the compound engines of the 

screw s~eamship ttecla, of the Cunard Steamship Line, pre- 
sented by David MacIver, Esq., of Liverpool, Englaad. 

The following models were omitted in the report for last 
year : m 

A new form of coupliug, presented by Mr. S. P. Ruggles. 
A new form of pulley, presented by Mr. N. M. Lowe, and 

calle(1 by him a universal pulley. 
A silent feed motion used in sewing machines, presented by 

Mr. Charles L. Spencer. 
A model of the metallic packing of a steam piston, presented 

by Mr. Horace McMurtrie. 
Models of the peculiar mechanism of stem-winding watches, 

presented by Mr. J. H. Gerry. 
Models of eccentric gearing, presented by Mr. S. P. Ruggles. 

In conclusion, attention is called to the three-fold use of the 
models; first, in the drawing rooms as objects from which 
sketches and finished drawings are made; second, in the lecture 
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rooms, to illustrate the pHncip'les of machinery, and to exhibit 
to the eye what would otherwise require long and tedious ex- 
planations ; and third, in the practical exercises in constl~ction 
and design, which would be difficult, if not impossible, without 
them. 

All of which is respectfully submitted, 

WM. WATSON,  
Professor of Mechanical Engineering, 

Mass. Institute of Technology. 

!: ~ !i 





REPORT ON THE INSTRUCTION IN THE DE- 

PARTMENT OF ENGLISH. 

_President J. ~D. ~unkle, ~ir : 

I beg leave to present the followhg Report of my doings in 
the department of English and History during the past school 
year. 

The question of the best method of adjusting my instruction 
to the real wants of the students of the Institute, has been t'rom 
the outset a very perplexing one. The imperfect preparation 
for the scientific studies of the course which the students bring 
with them lays a heavy I~ressure upon them in that direction; 
and, on the other hand, the deficiencies of too many of them 
in English studies requh'e an attention to rudimental T drill, 
especially in Composition, which should properly have been com- 
pleted before admission. A gradual but steady rise iu the stand- 
ard of qualifications for admission to our school, to correspond 
with the improvements which are making in the English and 
Scientific instruction given in our High Schools, will eventually 
remedy much of. tbJs difficulty. I have to report that I have 
been successful in securing a regular attendance and an inter- 
ested attentiou to my lectures. I have nothing but praise for 
the conduct of the students, and am confident that good results 
have been attained beyond what can be exhibited by a formal 
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examination. Students just emancipated fi'om the restraints of 
school, and just passing fi'om boyhood into young manhood are 
in a peculiarly receptive condition of mind ill regard to the 
moral, political, social and msthetic questions which form the 
real subjects of instruction in History and Literature. They 
are beginning to think for themselves, and are looking forward 
to a new future, where they will have to act for themselves. It 
is a period when judicious oral instruction can be made of more 
value than either before or afterwards. Lecturing therefore 
forms a very legitimate method of instruction, and, where the 
student's brain is constantly taxed by a very large amount of 
hard mathematical and scientific study, so that the mental dis- 
cipline must under any circmnstances come mainly from the 
scientific side, lecturing must continue to hold an important 
place in the literary and historical departments ; and, it is very 
observable that file mental training obtained through the in- 
strumentality of the severe discipline of the former class of 
studies perceptibly increases the intelligent interest of the 
students in the latter. 

Bnt lectures, to be of any value, must be supplemented by 
some literary as well as scientific work on the part of the stu- 
dents ; and as it would be wholly impossible for one teacher to 
give elaborate and distinct courses of instruction in Rhetoric, 
Logic and Criticism, and alsc in political and litera~'y HistolT, 
my aim has been to comprise as many different elements as I 
could in one or two courses, and to connect with them as much 
practice in writing as time permitted. The students of the 
classes of the first and second years have taken brief notes of 
lectures, and written them out in manuscl~pt books, which have 
been regularly examined by my assistant, and all elementary 
errors in spelling, punctuation and style corrected. Elementary 
deficiencies are very general. I have taken the ground that 
while the Institute of Technology does not offer itself as a 
teacher of writing, spelling, punctuation and the rudiments of 
the art of composition, it will give all the incidental heli~ it can 
to its students.for the making up of such deficiencies in their 
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school education, but should refuse to give a degree or ~ 
ploma to any student who, by the end of the four years, has not. 
acquired, directly or.indirectly, a satisfactory proficiency in them 

I think that by devoting a larger share of time to drill in com~ 
position during the first year, that object can be satisfactorily' 
attained. After the first year, I am anxious to carry out more 
fully the system of requiring a certain amount of prescribed 
collateral reading in connexion with the lectures on History and 
Literature, accompanied by  oral or written analyses of the same I 
or even lectures to be ~ven by the students themselves. In 
this way practice in composition may be clearly combined with 
the oral instruction, ant} the general interest will be increased 
through the students ~,hemselves taking a more active share in 
the work. But for the proper carrying out of such a plan~ I 
greatly need better library accommodations, and a better supply 
of carefully selected books; not a miscellaneous collection on 
any and all topics, but exactly the books that :~ontain the col- 
lateral reading I wish to require. I consider ma~ one of the 
greatest services I can do my pupils is to teach them how to use 
books. Their knowledge of the contents of English'Literature 
and of the character and relative value even of modern writers, 
as tested by examination, is surprisingly small. 

My course of instruction for the past year has been as follows : 
- - T o  the first year's class I have lectured once a week on the 
writers of the last century, devoting a good deal of time to eie- 
menta~-y ideas on the study of Literature in general. Notes of 
these lessons have been written out by the class. The other 
weekly exercise has been devoted partly to Composition, partly 
to lessons on Language and General Grammar, with special 
reference to the history of the English language. A portion of 
this last instruction could be given hereafter to better advantage 
by the Professor of Modern Languages, in connexion with the 
instruction in German and French, if a professor should be ap- 
pointed who has a competent l~mwledge of the science of Com- 
parative Philology, leaving me more time for much-needed work 
in the details of practical composition. 

6 
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With the second my lessons have been mainly confined to the 
history and literature of the Eighteenth century, with spec;al 
reference to English History and the events of our Revolution. 
The class have taken notes. They have shown much interest, 
especially in the American portion of these lessons, and might 
have done a good deal of collateral reading without detriment 
to their severer studies, if books on American history had been 
immediately at hand in the reading-room. 

To the third year's class I have given a detailed series of 
lessons on the U. S. Constitution, along with as much instl~c- 
tion on English constitutional history and the general principles 
of constitutional law as time and my own reading permitted. 
These have occupied one of the two weekly hours. The other 
has been devoted to the oral translation, with a running com- 
mentary, of Guizot's " Civilization en Europe," the students 
having the French text open before them. Their knowledge 
of French has been thereby somewhat improved, and it has 
been the best means I could devise of giving the class a general 
view of the outlines of modern histor2-. These lessons can be 
made much more valuable by going more slowly over the book 
and requiring some collateral reading, and occasional oral or 
written translations from the students. 

With the fourth year's class my attention has been mainly 
devoted to Political Economy and the Commercial and Econom- 
ical aspects of History. Adopting the smallest and least con- 
troversial manual that I could find, I have made it the text for 
a series of readings and oral lessons, designed mainly to interest 
the class in the investigation of the various politico-economical 
subjects, which have so close a connexion with their professions. 
and future occupations in life. No subjects belonging to the 
English department are more important~ or have proved more 
interesting to the students than these; but in the more techl~ical 
parts of Political Economy, the subjects of Currency, Banking, 
&c.~ I have to lament my own lack of practical knowledge; and 
I would respectfully suggest that a brief course oi ~ non-contro- 
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versial lectures on these topics, explanato~-y of the ordinary 
course of business, and given by a practical business man, would 
be very useful. 

The only assistance of this kind which I have received this 
year has been a short, but excellent course of lectures, given to 
the classes of the third and fourth years together, by I-Ion. 
Emory Washburn, Bussey Professor of Law in the Harvard 
Law School, in which the students were much interested. I 
feel personally under great obligations to Ex-Gov. Washburn, 
for this assistance, given, at the cost to himself of a good deal 
of time and trouble ; and thanks are due to him for the interest 
he has th us again practically shown in our institution. 

In this connexion I will also mention our obligations to Hon. 
Charles Sumner for repeated gifts of valuable public documents. 

As tlle result of tile enlargement and reconstruction of the 
course on Science and Literature, I have had, during tile second 
term a small extra class in English studies. From want of time, 
owing to tlle absence through illness of Prof. Howison, I have 
not been able to do anything very systematic with them. They 
adopted my proposal to study, as far as time allowed, in connex- 
ion with our two weekly meetings, the actual present condition, 
political, social and economical, of some of the leading nations 
of the world, as given in the most recent authorities ; as E. G. 
3lartin's Statesman's Year-Book, the writings and speeches of 
Grant Duff, the leading periodicals~ &c. Tile experiment was 
sufficient to show how valuable and interesting such instruction 
might be made to young men who are looking forward to the 
active career of business men, manufacturers or merchants, and 
I trust that as our institution develops, more resources may be 
put at tile command of the English department for perfecting it. 

After this detail of my labours I hardly need say that they 
have been too varied ar.,.d multifarious to allow of their being 
perfm~ned with proper thoroughness. I look forward with the 
greatest satisfaction to the prospect of sharing the work of this 
department with another teacher. With the aid of a Professor 

/! 
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of Modern Languages, if we shall be so fortunate as to obtain 
one, I shall hope to be able next year to confine myself to a 
narro~',~- ~" circle, and to be able to undertake with the students in 
Science and Literature more careful and detailed extra instruc- 
tion in History and English Literature. 

All which is respectfully submitted. 

W. P. ATKINSON.  
May 19, 1872. 



R E P O R T  OF THE DEPARTMENT OF PHYSICS. 

To the President of the Institute : - -  

A somewhat detailed account of the course of instruction in 
~he Physical Laboratory has been given in previous annual 
reports, and it remains substantially unchanged for students of 
~he Third Year, except by the introduction of many additional 
experiments. The present Report will therefore be confined to 
a description of the extension recently made by introducing 
the study of Physics into the Fourth Year. In the earlier part 
of the laboratory course a full description is given of each ex- 
periment, and the apparatus necessary for performing it is put 
ill perfhct order, so that the student can ttt once proceed. This, 
however, is very different frola cases arising in actual practice. 
The engineer or chemist who wishes to undertake any original 
investigations must generally devise his own apparatus, make 
it, or at least superintend its construction, perform the neces- 
sal T experiments, and finally; if the results are of value, pre- 
pare a report of them for publication. The subject is presented 
to the students of tile Fourfll Year in precisely this form: A pro- 
blem in practical physics is suggested to them which they are ex- 
pected to work out experimentally, and report the results. As 
examples the following extracts fi'om a portion of these reports 
are appended, retaining as f'~r as possible the student's own woras. 
The illustrations are nccessarily omitted, also the curves exhibit- 
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ing the results, and in most cases the tables are very much 
abridged. The actual amount of work done is t]~erefore much 

�9 ~greater than would appear from the perusal of the following 
pages. As this course has been on trial only during the past 
four months, great improvements are to be expected when ex- 
perience has shown the kinds of experiments that can be most 
profitably performed by the student, but we believe that enough 
has already been done to show that results may be obtained, 
which shall be of great use to the student as a method of train- 
ing, and at the same time possess considerable scientific value. 

MECHANICS OF SOLIDS. 

A number of pine rods as nearly alike as possible were provi- 
ded and used by the students as units with which to form a va- 
riety of t r l  ,~es. The following will serve as an example : 

Report upon •xperbnents on a Queen-Post Truss and its com- 
ponent parts, by Messrs. G. ~. Ward and B. JE. Brewster. 

Several series of experiments were made upon a number of 
beams supported at both ends, distance between supports being 
66 tr. Weight applied in the centre, 6 lbs. 

The deflection was measured by means of a millimetre scale 
pasted upon a strip of wood, and suspended in the middle of the 
beam. The beams used were 6 r long, and ~rt square. 

(In the original report a table is here inserted, showing 
measurements of scale-readings before and after the weight was 
applied, the deflection and permanent set. Five beams were 
used, and the measures repeated after turning them over. De- 
flections in cm. were as follows : - -  7.85, 7.95, 9.15, 9.50, 7.95, 
8.05, 10.30, 10.65, 7.45, 7.80). 

Average Deflection, 8.86 cm. A.veragg permanent set~ .5 cm. 
Another beam, :No. 6, was similarly tested on its 4 sides to 

compare the relative strength. Deflections, 7.80, 8.00, 7.90, 
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7.85. Beam No. 6 was loaded as before with a wt. of 6 lbs. 
and readings taken at intervals of �89 minute until deflection be- 
came constant. Results 12.90, 12.95, 18.05, 18.10, 13.15, 
18.15, 18.15. The first reading was at the end of one minute. 
Curve No. 2, represents this increase of deflection. 

Beam :No. 5 was used for determining the deflection un- 
der a varying weight. Deflections from 0 to 8 lbs., 5.00, 6.80, 
7.55, 8.85, 10.15, 11.50, 12.75, 14.05, 15.75. By examination 
we see that the changes in deflection were very constant~ with the 
exception of the last, and in accordance with the law that the 
deflection is proportional to the weight. Curve :No. 3 shows 
this result. Next, experiments were made to get the form of the 
deflected beam. For this purpose a constant weight of 8 pounds 
was applied in the middle, and a series of readings with and 
without the load was made at points 8 rr apart. Length of beam 
as before, 66 rl. Deflections, 9.9, 9.85, 9.60, 9.80, 8.80, 7.35, 
6.80, 5.10, 4.00, 2.65, 1.15. The deflections are shown in 
Curve :No. 4. 

A weight of 6 lbs. was then applied to the beam at different 
points taken at intervals of 8 rt from 33 rr to 15 rr, in order to 
determine the relative deflections, which were 12.75, 12.60, 
12.80, 11.70, 10.80, 9.80; 8.70. 

The breaking strength of the beams wa~ then tested. Dis- 
tance between knife-edges, 5 r, weight applied in the centre. 
The tension on the beam at the moment of rupture was noted 
by means of a spring balance ; accui'acy limited to �88 of a pound. 
Breaking weight of beams :Nos. 7 and 8, 17~ and 18~- lbs. re- 
spectively. 

From beams similar to those already experimented upon, a 
queen-post'truss was built of the dimensions shown in ~,he fig- 
ure. Length of truss, 60 rr. Height, 10 rl. Distance apart of 
queen-posts, 20 rr. Distance apart of two trusses formi!lg sides 
of bridge, :12 rr. Beams bolted together with iron bolts 1 ~tl long, 
~rl in diameter. 
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The combined trusses were first subjected to a load of' 100 lbs. 
applied midway between the trusses, and distl~buted uniformly 
throughout the length. Readings were taken at 7 points of the 
roadway at distances from one end of 3, 10, 20, 30, 40, 50, 57 
inches respectively, that is one three inches from each end, one 
ten inches from each end, one at bottom of each queen-post and 
one at centre." Deflections, .20, .50, .50, .60, .60, .35, .20. The 
deflection was greater at one end of the beam than at the other, 
because there was a split in it. Curve No. 6 represents the 
results. 

A weight of 70 lbs. was then applied in the "middle of the 
truss with the following results, the points being at same dis- 
tances as before. Deflections, .18~ .04, .41, .88, .58, .02, .18. 
Curve :No. 7 was constructed from these data. By inspection 
of this curve it will be seen that the beam actually rose a little 
between the bottom of the queen-posts and the ends of the 
lnain beams, owing to the whole thrust acting in the centre. 

Measurement of' the strain on the queen-post. Thepost was 
removed and a spring-balance substituted in its stead, the dis- 
tance be.;ng kept constant with each succeeding additional weight 
by means of a rod with adjustable nut. App~-ing at the centre 
eight 10 lb. weights in succession the observed strains were as 
fo l lows: - -2 ,  5{-, 8, 10, 12, 14}, 16{, 17~. In curve :No. 8, 
horizontal distances represent weights, and vertical distances 
strains, on the post. 

Strain on Struts. Found by replacing one of them by a 
spring balance in a similar manner to that described in the pre- 
ceding experiment. With weights of 0, 10, 20 and 30 lbs., the 
strains were 4~-, 10~, 16~, and 22~2- lbs. respectively. Curve 
:No. 9 was constructed in a similar manner to :No. 8. 

Similar experiments were made by Messrs. Dodge and Spar. 
row, preparatory to building a model of a Howe truss. 

They first tried different methods of connecting two beams 
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.end to end, and measured the force required to separate them. 
To test the method of computing the strains on any part of a 
truss, a beam was ~astened at one end to an upright, the other 
end being held by an oblique tie-rod. The strain on each of 
these was measured as before by inserting a spring balance and 
compensating screw. The strain was thus measured for each 
pound weight added to the end, up to 15 pounds, and compared 
with th5 theoretieM strain. The deviations due to friction, 
error in tht~ balance, &c., were very small. 

They then constructed a complete Howe truss of length 64", 
width 12 u, and height 8". The ties were made of brass rods, 
on which they cut screw thceads and m~de nuts to fit them. 
The finished bridge was tested by applying a load at the centre, 
.ten lbs. being added at time, with results as follows : 

Load, 10 20 30 40 50 60 70 80 90 100. 
Flexure, .50 .75 1.25 1.75 2.25 2.75 2.85 8.45 8.75 4.25. 
It  will be seen that the deflection was only about one-sixth 

of an inch for a load of one hundred pounds. 
Comparing this result with the flexure of a single beam, we 

see flint the stiffness of the latter is only about one three-hun- 
dredth of that of the truss, and the student by placing his hand 
first on one and theu on th~ other, h:~s a f~tr more convincing 
proof of the value of the truss system, then he could attain by 
any amount of m~re theoretical study. A very complete model 
of' a suspension bridge war made by Messrs. Sta,Tord and Shep- 
ard, using common iron chain for suspension. Its span was 8 r, 
and deflection 8". The roadway was hung by 15 suspension- 
ro:~s on each side, and the change in position of each was measured 
with the load applied at a single point, and also when uniformly 

distributed. 
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'Measurement of the Angular'Deflection of Beams fixed at one end. 
By Mr. 0. E. Allen. 

The apparatus for this experiment when ready for use 
was as f o l l o w s : - - I .  The beam itself, whose section was �89 
inch square, and length about 30 inches, carried a scale ex- 
tending over 20 inches of its length. The beam was firmly 
clamped at one end between two other beams of sui~cient stiff- 
ness to prevent any bending action from being transmitted 
beyond the outer point of support, and at its end a wire was 
fastened from which weights could be suspended. II. A 
mirror of plate glass mounted so that it could easily be attached 
to the beam at any point. III .  A telescope with cross-hairs, 
mounted upon a wooden stand placed 60 inches from the mirror, 
and carrying a vertical scale; the zero point of the scale and 
the line of collimation or axis of the telescope being in the same 
horizontal plane with each other and with some point of the 
mirror. IV. Weights of ~, 1, 2, 2, 4, lbs. respectively. 

~rinciple . ' - -When the beam was unloaded, the 0 of the scale 
was reflected upon the cross-hairs of the telescope; wheff a 
weight was attached, the beam was bent, the plane of the mirror 
was deflected through the same angle as that point of the beam 
to which it was attached, and the line of collimation of the 
telescope moved through double this angle ; so that the deflec- 
tion shown on the scale (in inches)divided by 60 gives the 
tangent of twice the angle of deflection of the beam ; therefore 
the angle is easily determined by observing the deflection on 
the scale. 

The experiment was divided into three parts ; 

1. The length of beam remaining constant with the mirror 
placed at the outer end of the beam~ the weights were varied. 

2. The length of beam and weight remaining constant, the 
position of the mirror was varied. 

3. The weight being constant and the mirror placed at the 
outer end of the beam, the length of the latter was varied. 
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1. The length of the beam in this case was 20 inches and 
the weights ~, 1, 1 t lbs., etc., adding ~ lb. each time up t(~ 
5~ lbs. ; a second series of observations was then obtained by 
removing ~ lb. each time ; this was repeated three times making 
in all a series of six observations, with the following results: 

Weights. ]lIean ,Scale Deflection. True A nqles. 

.5 
1 
1.5 
2 
2.33 
3 
3.5 
4 
4.5 
5 
5.5 

1.08 
2.15 
3.21 
4.52 
5.65 
6.80 
7.92 
9.23 

10.38 
11.56 
12.65 

0 ~ 31' 
1 r 02' 
1 ~ 32' 
2 ~ 09' 
2 ~ 41' 
3 ~ 14' 
3 ~ 46' 
4 ~ 22' 
4 ~ 54' 
5':' 27' 
5 ~ 57 '  

2. Tlle length of beam in this case was as before, 20 inches, 
the weight 5 lbs., and the nfirror was placed at the outer end. 
Moving the mirror successively through intervals of 2 inches, 
the scale was read each time when the beam was not weighted, 
and again when the weight was added, the difference being 
taken as tile scale deflection. 

The results are shown below : - -  

Distances from 
Fixed End. 

20 
18 
16 
14 
12 
10 

8 
6 
4 
2 

Scale Deft. 

11.41 
11.30 
11.10 
10.62 

9.89 
8.98 
7.93 
6.71 
5.14 
3.49 

True Angles. 

5 ~ 231 

5 ~ 20' 
5 ~ 14' 
5 ~ Of' 
4 ~ 41' 
4 ~ 15' 
3 ~ 46' 
3 ~ I l '  
2 ~ 27' 
1 ~ 40' 
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3. The weight was 5 lbs., the mirror was placed at the outer 
end of the beam, and the length of beam was varied two inches 
at a time, with the following results : - -  

Zength of Beam. 

20 
18 
16 
14 
12 
10 

8 
6 
4 
2 " 

Scale Deft. 

11.42 
9.56 
7.56 

5.93 
4.56 
3.17 
2.07 
1.3.'2 
0.65 

0 .24 

True Angles. 

5 ~ 23 '  
4 ~ 32 / 
3 ~ 351 
2 ~ 49 t 

2 ~ 10 '  
1 ~ 31 t 
0 ~ 59 t 
0 ~ 38 r 
0 ~ l 9 t 

0 ~ 57 r 

Accompanying this are sheets showing the curves according 
to Experiment and Theory for each of the above cases. 

ApTaratus for ruling lines with a Diamond. .By 2~'. C. ~'. Allen. 

This consists merely of a beam, with a slot at one end to re- 
ceive the handle of a common g]azier's diamond, and revolving 
upon an axis at right angles to its length, this axis being sup- 
ported at its ends on upright posts. The pressure under which 
the diamond marks is thus kept sensibly constant and may be 
regulated by weights lmng on the beam. The line is ruled by 
drawing the glass under the diamond. 

This apparatus gives excellent results, some lines being so 
fine as to be difficult of perception under the ~: inch objective of 
a microscope. 

H Y D R A U L I C S ,  

Coe~eients of .Efflux. .By Messrs. IV.. B. ])odge and ~ E. 
~.parrow. 

The object of this experiment was to ~nd tlle coefficients of 
effiux for difihrent orifices and under various heads. 
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In this case there were two vessels, one for the water to flow 
from, and the other for receiving it. Each one contained a hook 
gauge by which heights could be measured very accurately. 
The gauge consisted of a wire with a pointed hook at its lower 
end; the other end moving vertically over a scale graduated to 
inches and decimals of an inch. 

We fill the vessel until the water is level with the ldwer edge 
of the orifice, and take a reading by means of the gauge. The 
water is then allowed to run into the vessel and reach such a 
height that it just begins to flow away by the waste pipe. From 
the reading taken at this point, subtract the former one together 
with the distance of the centre of gravity of the orifice from its 
lower edge, and we thus have the true head. 

In order that we may know the amount of water that flows 
into the second vessel, it must be carefully calibrated. This was 
:lone by pouring in one tenth of a cubic foot of water, taking a 
reading, and so continuing until the vessel was full. 

Having described the apparatus ill a general way we now 
proceed to perform an experiment. We first insert an orifice, say 
a circular one. The water is allowed to flow through it running 
to waste through a large rubber hose till the supply of water is 
so regulated that the head becomes constant. Then determine 
its magnitude in the manner described above. At a given sig- 
nal the hose is removed and the water allowed to flow into the 
second vessel ; at the end of a given interval of time the rubber 
hose is replaced and the water again runs to waste. The dif- 
ference between the readings of the gauge in the lower vessel 
be{bre i~nd after the experiment gives the amount of water that 
will flow througl~ the orifice, with the given head, during the 
given interval of time. 

For heads which are at least four times the height of the ori- 

} 

rice, theory gives for the discharge, the area of the orifice mul- ili!:i I 
tiplied by the velocity due to tim height of the water above the !i!i:~ 
centre of gravity of the orifice. By d~vJdmg" " " tile actual by tile :ii!:, iiai: 
theoretical discharge we obtain the coefficient of efflux. ,:till 
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Different orifices were used Under various heads, and the re- 
sults are placed in tabular form below : - -  

Shape of Orifice. Dimensions. 

Square. 

Rectangle. 

Rectaugle. 

Triangle. 

Circle. 

.5" X .5" 

height .251; ~ 
depth 1.00 

height - -  1.00" 
depth - - - .  25" 

base .55" 
height .546" 

diam. - -  .5" 

= - . - . . - - - - . . _ _ _ . _ _ _  

I Discharge 
J~ Area. Head. .me. ~_ 

(14.51 ~ .460 I .724 
�9 25 't -~14.64 2 .468 .768 

�9 (14.62 2 .464 .767 

.63 

.61 

.61 10.10 
�9 25 pt ~ 10.10 

(lO.12 

I 
12.64 

�9 25it I2.78 
12.64 

~ 14.85 
�9 15 tt 14.97 

14.83 

"196fi { 14.3514'53 

2 .516 
? .518 
2 .541 
1 .5 75 
2 .570 
1 .575 
3 .304 
3 .307 
4 .304 
2 .465 
2 .382 

.638 

.638 

.638 

.713 
.717 
.713 
.465 
.466 
.464 
.613 
.594 

.81 

.81 
.85 
.81 
.79 
.81 
.65 
.66 
.66 
.76* 
.65 

The friction of water in pipes was also measar~ by several 
students, using a horizontal brass pipe to convey the water, with 
vertical glass tubes having scales attached to show the pressure 
at different points. This gave the fi'iction under a velocity 
which was found by measuring the amount of water escaping 
per minute. 

~uoyant effect of a column of heated air from a Burner burner. 
By Mr. o. 

A metal plate 283 ram. in diameter was placed over the flame 
and hung to one arm of a balance, and the force required to 
counterpoise it measured by double weiglfing. , With no flame 
the force was 428.65 grs., with full flame I metre below, 431.2, 
at distance .8 m. 431.26, at .6 m. 431. 

Using the formula for winds, (Silliman) velocity in miles per 
hour --- 14.25 "/pressure in lbs. per sq.~.. 

Hence velocity=1.53 miles per hour=2.24 ft. per second. 

Erroneous. 
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2d Experiment. 
the plate. 

. . . .  �9 

A Casella's air meter was substituted for 

Height above 
burnc~,. 

0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 

Mea~ Velocity. 

2.75 
2.07 
2.88 
3.01 
2.86 
2.67 
2.48 
2.03 

game. 
Max. Felocity, 2dean Velocity. 

O~e half.#ame. 
Max. Irdoeity. 

2.85 
3.32 
3.03 
3.38 
3.05 
2.87 
2.85 
2.08 

2.61 
2.42 
2.23 
2.04 
2.35 
2.10 

2.72 
2.57 
2.47 
2.18 
2.47 

The currents 
and so probably 
mean. 

were easily diverte, d from a vertical direction, 
~he maximum velocity is more correct than the 

OPTICS. 

Law of Lenses. By Mr. G. K. Wead. 

The focal length of the piano-convex lens A on the stand 
was found to be 23.93u=t=.03. In this experiment the formula 
1 1 1 
~ - - - ) . - i - T - w a s  used, and f q-fl taken equal to whole dis- 

tance between conjugate loci, i.e., no correction was made for 
thickness. The same lens was remeasured and !tbcus computed 
allowing for thickness, that is, f - 4 - f  + t - - w h o l e  distance be- 
tween conjugate loci ; the formula used was 

1 1 1 ~ 1 ) 2  
P - -  ~ u 

ix---.25 rf, rx (by spherometer) .-=- .12.64", n - -  1.53. From 
this observation $'x r = 23 .62  4- .02 taking in all the terms. 

Px ~ - -  28.56 4- .03 omitting the third term. 
In this case it makes a diSerence of .81 u in the final result 

w h e t h e r  the focus of refracted rays is measured from the first or 
second surface of the lens, and if taken from the second surface 
the correction for t h i c k n e s s -  .06 rr. Similar measurements 
were made on a second lens, and on the two combined and the 
results compared with theory. 

qb 

u 
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The focus of a Tolles �88 objective, 2d quality, was measured: 
by the method of Prof. Cross (Journ. Frank. Inst., June, 1870). 

A spider line micrometer and i-0!0-~" stage, were used and 
both measured in turns of the same part of the screw of ' the  
dividing engine; there is therefore no absolute measure enter- 
ing into the formula for focal length, except l the distance 
between object and image, which" was taken with a steel ram. 
scale. The loci of the three lenses A, ;B and (?, of the triplet, 
were measured singly and in combination with the following 
results : 

Zensea. Focus. n. 

A B C  
A B C  
BC 
A 
B 
C 

.2447 

.2555 

.4454 

.3081 

.5076 
1.459 

256 
216 
258 
260 
258.5 
287 

39.11 
31.26(?)  
20.755 
31.186 
15.764 

5.571 

The relative distances of the" lenses were then measured and . 
gave for thickness of A, .066, of/it, .101, of C, .124, space 
between A and B .090, between ;B and C .007; length of 
whole combination ---= .388. Computing focus:of BG, we get 
.407 or .411, according as we do or do not consider the small 
uncertain distance between them. The formula is based on 
the supposition that the rays are parallel, which may account 
for the slight difference. 

Photometric JExTeriments. By  Mr. G. K. Wead. 

The following observations were made with a photometer in 
which two images of a single flame are compared, thus eliminating. 
al| errors from the fluctuations of the light. 
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I . 

7 
8 
9 

10 
11 

'12 
13 
14 

2 none 

4 A 
5 B 
6 C 

C' 
D 
D '  
none 
A 
none 
B 
E 

0.0 

.7 12.6 

.6 12.3 

.6 37.8 

.6 35.0 

.8 37.3 

.6 29.7 
o8 
.8 12.8 
.6 
.6 7.8 
.7 15.4 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

none 
1 
2 
3 
4 ,  
5 
6 
7 
7 r 
3 v 
2 r 
1 t 

notle 

15.7 
24.8 
35.5 
41.6 
48.0 
52.8 
57.7 
59.3 
32.5 
24.1 
14.9 

28 none 
29 1 
30 2 
31 3 
32 4 
33 5 
34 6 
35 7 
36 7 r 
37 4 v ! 
38 2 r 
39 I t 
40 none 

.5 

.5 
1.0 

.6 

.6 

.6 
1.4 

.2 

.5 

.7 
1.2 
.7 

11.5 
17.9 
26.8 
36.2 
38.9 
44.1 
47 . 6  
45.0 
31.4 
17.5 

6.5 

Each of these observations is the mean of several. Nos. 1 - -  
14 wer~ made with a candle, the others with a single-jet gas 
burner. 

Plate A: double English ; B, thick plate ; C, single German 
ground, C, ground side to light, C r, polished'side to light; D, 
Berkshire g~round, D r, same with polished side to light; E, 
double German. The plates used in Experiments 15--27 were 
found not to be alike - -  some flint and others crown ; they were 
mixed photographic glasses. The plates in Expe~ments 28--40 
were thin unused photographic plates ; No. 1 was always to~ 
wal~ls the light. Accented Nos. as (T,  lV,) denote a repetition 
of the experiment. 

More light.is transmitted by ground glass, if the polished side 
is towards the light, (6- -9 . )  A wet cotton cloth'transmits 18.7 
of the light incident perpendicularly on it ; when dry the amount 
transmitted was too small to be measured by this apparatus. 

The following observations were then made with a common 
Bunsen photometer to determine the candle power of a 5 ft. 
Argand burner when consuming various quantities of gas. 

7 
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Gr~sumpt/on. 

5.974 
4.848 
4.818 
4.965 
3.828 
2.568 
1.488 

.420 

Obiervg, d ~. P. 
, ,  

24.03 
15.12 
15.20 
15.60 
12.86 
3.46 

.222 

~cted for candle. 

25.00 
16.50 
16.09 
16.25 
10.457 

3.29 
.255 

~robabte E ~ . .  

.24 

.13 

.11 
"12 
.12 . 
.07 
.005 

The first column gives the consumption of gas; the second the 
observed ratio of the two lights, being the mean of from four to 
seven observations;the third the candle power corrected for 
amount of wax burnt, and the fourt]~ the probable error. In 
the last case the light was too feeble to be measured, probably 
less than .001 of'a candle power. 

Experiments like the above by members of the 3'rd Year's 
Class gave the foilowing results. 

Messrs. Ehailer ~f Harris. 

6.12 
4.92 
3.60 
2.28 
1.52 
1.44 

.S5 

Messrs. BlalsdeU ~" Jewett. 

Obseeved 
C.P. 

18.35 
18.9 
11.56 

2.91 
.37 
.027 
.00 

~ t e d  
C.P.  

19.27 
19.37 
12.14 
3.28 

.35 

.029 

.00 

C~mp- 

6.45 
5.98 
5.22 
5.38 
4 .84  
4.35 
4.55 
4.09 
$.69 
3.37 
3.07 
2.96 
2.77 
2.46 
2.26 
2.04 

Observed 
C.P.  

19.7 
17.5 
15.7 
17.2 
12.4 
14.1 
12.75 
12.79 
9.71 
7.34 
6.94 
3.84 
3.68 
2.17 
1.32 
.84 

Corre~,d 
C.P. 

21.67 
18.37 
15.31 
15.90 
13.02 
11.47 
14.80 
12.79 
9.22 
7.71 
6.24 
4.03 
8.68 
2.28 
1.45 
1.00 

F o r  t h e  p rac t i ca l  appl ica t ion of  t he se  observat ions ,  see 

by P~ofs. Si l l iman  a n d  S t impson  on F a r m e r ' s  L a w ,  

Amer. Journ. Sci., 1870. 

papers 
in  "the 



99 

To Find the Refraet lve~ormuta (that of Gauehy) for any Sub- 
,stance. tt!t Mr. F. W. Very. 

The substance must be in the form of a triangular prism 
which is obtained in the case of a liquid by pouring it into a 
glass vessel of this shape. In the case under consideration, the 
substance was a piece of very dense and highly refractive glass, 
made into a prism having an angle of about 60 ~ 

The instrument used was an optical circle, carrying two tele- 
copes, one stationary for the purpose of furnishing a parallel 
beam of light, the other moving around the axis of the gradua- 
ted circle, and having two verniers by which the angle may be 
read. The prism being placed at the centre of the circle, the 
light is refracted and dispersed, and the spectrum is observed 
through the second telescope. 

The operation is as follows. The refractive index of the 
prism is taken for several of the most prominent lines in the 
spectrum, whose wave-lengths are known. This is accomplished 
by measuring the angle of minimtim deviation D for each line and 
the refracting angle A of the prism, when the index a may be 
calculated by the formula, 

s i n A +  D 
2 

sin -- A 
2 

It is necessary to find tile index for at least three lines, btit to 
insure greater accuracy a number of others were taken. The 
results were compared by" means of the graphical method, and a 
slight correction was made upon three measurements at some 
distance from each other in the s~ries. 

These three values of n were then substituted in the formula, 

" n - - A - ~ -  ~ +, -~ + etc., 

in which all the terms in the second member a~er the first 
three may be neglected. By elimination, the values of the con- 
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stants A, B and U for the substance under examination were 
found. In this case, they were as follows: .4 - -  1.683473, 

- -  96.30, ~ - -  446.67. 
Having obtained the formula of the prism, it may be used to 

find the wave length of any line whose index of refraction has 
been measured. 

To measure .4, the refracting angle of the prism, this angle is 
placed facing the collimator so that the parallel rays coming from 
the latter shall be reflected from both faces of the prism as 
shown in the, figure. The angle between the directions of the 
reflected rays - -  2 .4 is measured. These measurements gave 
,4 - - -  60 ~ 1 r 7 rr, 60 ~ 11 0rr, 60 ~ 1 ! 41rl, or the mean 60 ~ 1 ~ 20 rr. 
The observing telescope was first focussed on an object about 80 
ft. off, the focus of the collimator was then brought into agTee- 
ment, and neither was changed during the measurement. 

The prism being then placed in position and set at the mini- 
mum of deviation for each line in turn, the deviation was meas- 
ured. 

Na 

B 
C 
a 
D 
E 
b 
F 
Ti 
F e  
H 
F e  
G 

F e  
Cu  

Deviation. 

58 ~ 6 t 
57 ~ 13 v 
57 ~ 5 t 
57 ~ 21 v 
57 ~ 39 t 
58 ~ 6 v 
59 ~ 7 v 
59 ~ 17 t 
60 ~ 4 t 
60 ~ 38 t 
61 ~ 38 r 
61 ~ 49 t 
61 ~ 53 t 
61 ~ 56 p 
61 ~ 59 I 
62 ~ 11 t 
62 ~ 2(Y 

45 tt 
15 ft 
37 tt 
45 tt 

0rf 
37iv 
52v t 
52 rt 

7it 

0" 
0tt 

7vt 
22 fp 
45 ft 
37 vt 
37 tt 

22 rv 

1.71499 
1.70692 
1.70576 
1.70813 
1.71081 
1.71495 
1.72404 
1.72551 
1.73226 
1.73716 
1.74578 
1.74730 
1.74790 
1.74838 
1.74876 
1.75011 
1.75170 

lxlO ~ 

6867 
6562 
6277 
5892 
5269 
5183 
486O 
4 6 6 5  
4383 
4340 
4325 

\4307 
4300 
4271 
4226 

1 10..~o 

212.06 
232.24 
253.80 
288.05  
360 .20  
372.25 
423 .38  
459.52  
520.54 
530.91 
535.83 
539.08 
540.83 
548.20 
559.94 
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l~cro-photography. By Mr. ~. S. Minor. 

During the course of instruction in photography by Mr. 
Whipple, it occurred to me that some experiments in micro-pho- 
tography would be interesting. I accordingly arranged an ap- 
paratus by which the tube and lenses of a microscope could be 
substituted for those of a photographic camera. A box was 
taken, the back was knocked out and a hole a little larger 
than the diameter of the tube of the microscope was bored in 
the front. This hole was lined with felt to make it light-tight. 
On the back was fitted a slide which cal•ied the ground glass 
plate on which the image was focussed, and the plate-holder. 

The first experiment was with an 1�89 inch objective of Smith 
and Beck, and d Tolles B eye-piece. The size of the image 
photographed was 2�88 The exposure lasted 4 seconds, 
direct sunlight reflected from a plane mirror being used.. See 
No. 1. Similarly a fly's tongue, No. 2, and a section of Echinus 
spine, mounted in balsam, No. 8, were photographed. 

I next attempted to take Arachnoidisett8 .Ehrenbergli Bailey, 
using a Tolles 1st quality ~ with a B eye-piece. After several 

�9 failures, caused by the shaking of the table during the exposure 
of the plate, I was successful (see No. 4). The exposure was 
four minutes and forty seconds. 

Other negatives were taken with a B eye-piece and various 
objectives (:see Nos. 5, 6, and 7). 

I made one trial with an extension camera in order to obtain 
greater en!argemeat. With this I took Araehnoldlseus Ehren- 
bergll, using no eye-piece. The focussing was not perfect, how- 
ever, and at the intersections of the lines~ a beaded appearance 
is quite sharp and distinct, and suggests a doubt as to the value 
of Dr. Pigott's views as to the structure of podura scales as 
seen by his so-called "wonderful " aplanatic searcher. This 
photograph is No. 8. 

I had proposed to use monochromatic light but had no time. 
My intention was to use light passed through an ammoniacal 
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solution of cupric sulphate. The object in using blue light 
would be to avoid the difficulty of the objectives not being 
ground to the chemical focus. 

The  cost of the apparatus to take these photographs, when 
one is provided with a microscope and objective, and exclusive of 
what can easily be made, is only about $10 for what is needed 
to take negatives, and $5 or $6 more for the printing. 

~aec~arirnetr~]. B$( Sir. ~. A. ~mrnertor 

. The delicacy of the instrument to be used was fir~st tested by 
adjusting the eye-piece, so that the sensitive violet tint was 
obtained, and then taking four successive reading, at the point 
when the color was the same in both sides, using water only in 
the tube. 

These readings were as follows: 
---.9; ~ . 9 ;  ~ 9 ;  ---.5; 

thus showing that the instrument is quite sensitive. 
The 0 point was evidently .9 of a division too far to the left, 

consequently it was adjusted, by use of the screw attached to 
one of the prisms, so that the point when the colors on each side - 
of the field were the same, was always 0. 

A sugar solution was prepared of presumably pure sugar so 
that it contained 16.471 grs. to the 100 c.c. 

It  was allowed to stand in the chemical laboratory five or six 
days before use, corked up in aflask. In that time ithad changed 
by fermentation, as is shown by the following results: 

99.1; 98.8; 98.9.--Average 98.9 per cent. 
I f  the solution had not changed the readings should have been 

100. 

Another standard sugar solution was used immediately after 
preparation and gave the following results: 

!00.0; 100.1 ; 99.8 ; 100.1 ; 100.--Average 100.00 per cent., 
ahow~" g the sugar to be quite pure. 

The |ong t u b  belonging to the instrument and intended to 
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be used for solutions after inversion ought to be one tenth longer 
than the short tube, in order to compensate for the 10 c.c. of 
HC1 added to every 100.00 sugar solution in the inversion. 

Consequently with a normal sugar solution it ought to give 
readings one tenth more than the short tube. It  was tested 
with the pure normal sugar solution with this result: 

110.9 ; 110.9 ; 110.6 ; 110.9 ; 110.9 per ct.--Average 110.88. 
Showing the tube to be not exactly one tenth longer than the 

short one. 
The same solution was tried three days aider in the short tube 

with these results: 
98.6 ; 98.4 ; 98.3 ; 98.3 ; 98 .7- -  Average 98.46, showJing 

how rapidly a sugar solution changes in strength even when 
corked up in cool weather. 

In looking for statements about the relative rotating power of 
inverted and uninverted sugar solutions I found great discrep- 
ancy of statement, but concluded from a statement in Bolley 
that the amount of sugar which rotates to the right 100, rotates 
to the left at 35.7 at 15 ~ C. I inverted the pure solution and 
got the following readings at 18 ~ C. 

m37.6 ; --37.3 ; --38. ; - -37.9;  37.2.--Average 37.6. 
Subtracting .88 the error due to the length of the tube it gives 
36.7 as the reading at 18 ~ C. I could not find any tables gb~ng 
the correction for temperature, but that correction whatever it 
is would bring the reading nearer still to 35.7. 

A large number of electrical experiments were made by the 
class, including measurement of resistances, making coils, a 
Siemens' thermometer, magnetization by frictional electricity, 
and others, but they are omitted, believing that the above are 
sufficient to show the nature of the work done, both as regards 
quality and quantity. 

All of which is respectfully submitted. 
EDWARD C. PICKERING, 

Mayer Professor of _Physics. 
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