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Extracts from Acts of the General Court of Massachusetts, in relation to 

the l~Iassachusetts Institute of Technology. 

Act of Incorporation. "William B. Rogers [and others named], their associates 
and successors, are hereby made a body corporate, by the name of the MASSACHU- 
S~X'TS I~STITUT~ OF TECH~OLOOY, for the purpose of instituting and maintaining a 
Society of Arts, a Museum of Arts, and a School of Industrial Science, and a,ding 
generally, by suitable means, the advancement, development, and practical application 
of sciences in connection with arts, agriculture, manufactures, and commerce." 

Chapter 183, Acts and Resolves of 1861. 

Grant of P~lic Lands. "When the Massachusetts Institute of Technology shall 
have been duly organized, located, and established, . . . . . .  there shall be 
appropriated and ~paid to its treasurer, each year, on the warrant of the Governor, for 
its endowment, support, and maintenance, one third part of the annual interest or 
income which may be received from the fund created under and by virtue of the 
13Oth chapter of the Acts of the 87th Congress, at the second session thereof, approved 
July 2, 1862 [giving Public Lands to the States in aid of instrut~tion in Agriculture, 
the Mechanic Arts, and Military Science and Tactics] . . . . . .  Said Institute 
of Technology, in addition to the objects set forth in its Act of Incorporation [as above. 
quoted], shall provide for instruction in military tactics." 

Chapter 186, Acts and Resolves of 1868. 

Power to confer Degrees. "The Massachusetts Institute of Technology is hereby 
authorized and empowered to award and confer degrees appropriate to the several 
courses of study pursued in said Institution, on such conditions as are usually pre- 
scribed in universities and colleges in the United States, and according to such tests of 
proficiency as shall best promote the interests of suund education in this Common- 
wealth." Chapter 247, Acts and Re~lves of 1868. 
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PRESIDENT'S REPORT. 

To the Corporation of the Institute : -  

I deeply regret the delay in the issue of this report, which 
has been caused by the desire to include all matters relating to 
the International Centennial" Exhibition held at Philadelphia 
during the year, and affecting the Institute. The particular 
cause of delay has been the time taken to prepare, in the midst 
of other absorbing duties, a full and accurate catalogue of the 
collections presented to us by exhibitors, which would have 
been practically useless without the systematic classification we 
have made, with the corresponding casing and catalogue. I 
shall touch upon some matters begun near the close of the year, 
which will be reported upon fully hereaRer. 

The various reports and matters herewith submitted will 
inform you of the condition of the several departments of the 
Institute for the year 1875-76. For information relating to 
departments not especially referred to, and in which no partic- 
ular changes have taken place during the year, you will please 
consult the report of last veal" i,:l !g 

The changes in the corps of Instruction during the year have !iiili:]ll 
. . . .  I!~: ] ! i  

been the reslgnatmns of Lmut. E. L. Zalinski, Professor of 

structor m Quantitative Anal sis Frank B Morse. s B ) tl 
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Instructor in Free Hand Drawing, Francis T. Sargent, S. B., 
and J. Austin Knapp, S. B., Assistants in Mechanical Engi- 
neering, and William E. Nickerson, Assistant in .General Chem- 
istry and Qualitative Analysis. Lieut. Henry W. Hubbell, Jr., 
U. S. Art'y, was appointed Prof. of Military Science and 
Tactics, Thomas W. Robinson, S. B., Assistant in Quantitative 
Analysis, James B. S~anwood, S. B., and Clarence L. Dennett, 
S. B., Assistants in Mechanical Engineering. 

Attendance. The aggregate number of students in attend- 
ance during the year was 299, an increase of l l  over the pre- 
vious year. For classification and other items, see page 2"2 of 
the Secretary's report. 

Graduates. The number of graduates for the year was 44, 
two of whom completed the course in 1872-78, with the ex- 
ception of presenting a graduating thesis. This is the largest 
number ever graduated in one ~,ear. I t  will also be noticed 
that all but one of the ten departments are represen{ed. The 
following table gives the aggregates in years and departments. 

1868 1869 1870 1871 1879. 1873 1874 1875 1876 T o t a l .  

Civil :Engineering . . 
]Mechanical Engineer'g 
Mining Engineering . 
Architecture . . . .  
Chemistry . . . .  
Metallurgy . . . .  
:Natural History . . 
Physics 
Science and Lit[ ~ i" 
Philosophy . . . .  

Total . . . .  

12 
1 
2 
1 
6 

10110 
41 7 
1 * 6 
1! 1 

I 1  

~ 1 
2 2 

t 

14 
8 
7 

69 
28 
33 

3 
19 

1 
2 
4 
9 
2 

14 5 I0 17 II 23 I8 28 44 I70 

Theses. Abstracts will be found on pp. 69-128. Mr. Gal- 
loupe's thesis has been published in full in tile Journal of the 
Franklin Institute, and also a portion of Mr. Kilham's;  those 
of Mr. Holman and Mr. Jacques in the Proceedings of the 
,a.merican Academy of Arts and Sciences ; those of Mr. Bar- 
rows and Mr. Crosby have been accepted for publication in the 
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Proceedings of the Boston Society of Natural History; and 
those of Mr. Ware and Mr. Phipps, one published and the 
other accepted, by the Journal of Speculative Philosophy, St. 
Louis. 

These facts are the only commenta~ T I need make upon the 
general excellence of all the theses presented. 

THE INTERNATIONAL CENTENNIAL EXHIBITION AT 
PHILADELPHIA, 1876. 

The Institute's Exhibit at Philadelphia. Early in the year 
the question of the participation of the Institute in the Ex- 
hibition began to be agitated. There was a lack of unanim- 
ity in fhvor of so doing, and especially a lack of means to meet 
the necessary expense. These discouragements led to delay 
and decrease of interest, until late, and when the matter had 
about been given up, the State came to our aid in a small ap- 
propriation. We then hurriedly made such collections as were 
available, and represented as nearly as possible the current 
work of the school in the various departments. These collec- 
tions were exhibited in the East Gallery of the Main Building, 
in one of the stair-ways leading to the Gallery, and in the 
Women's Pavilion, and were regarded by all as creditable to 
the school, and adding substantially to the credit and value of 
the State's exhibit of its .educational resources and progress. 
The exhibit of the Lowell School of Design was thought worthy 
of a special award, as was also our exhibit as an whole. On 
application of Dr. David Murray, Commissioner of Education 
in Japan, the whole collection from the Lowell School of De- 
sign was presented to the Educational Museum of Japan. A 
recent letter from Dr. Murray speaks of these designs as a 
marked and interesting feature of the Museum. This Museum 
is mainly intended to illustrate the present condition of Indus- 
trial Art Education, and to serve in some degree to guide and 
stimulate such education in that country. The Catalogue of 
the Institute's exhibit will be found in the Appendix to this 
report. 

i ~ �9 

I ? i  

!i:if 
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VIII 

The Institute' s Uent,mnial Excursion. From tile beginning 
of our school, an impo~'tant0 t~eature in the instructlon of the 
higher classes has been the excursions to mining regions and 
manufacturing works rel~.ting to the various courses. This has 
been especially true of the mining department, which has for 
several years spent a portion of each long summer vacation in 
visits to the .hOSt important mining centres of the United 
States and Canadas. The students have been particularly pre- 
pared to profit by such excursions by their experience in the 
treatment of ores in our Mining and Metallurgical Laborato- 
ries. I may add here that these laboratories have grown from 
year to year in capacity and completeness of detail for doing 
almost all kinds of work, and on as large a scale as will ever be 
needed either for instruction or experiment; and they have, 
besides, demonstrated the feasibility of incorporating a large 
amount of practice in the curriculum of the school, and that, 
too, not only without curtailing the amount of purely scientific 
instruction, but by giving to this instruction point and definite- 
ness. Contact with mines and mining operations, preceding 
such practical study, is of comparatively little value to the stu- 
dent or the mine ; while the handling of ores by the ton in the 
laboratory particularly qualifies the student to rapidly profit by 
contact with the wider sphere and conditions of mining works. 
Besides, he begins by being an aid rather than an hindrance to 
the works, because he is not entirely ignorant of the elements 
of practice. 

The success of these laboratories is beginning to show us 
more clearly the possibilities and advantages of such facilities 
in other engineering departments. There is a certain knowl- 
edge which can only come to the mind by the ability to handle 
the matel~als with which we deal, and if this training of the 
hand can be fi)rmulated into an educational system, and pur- 
sued by educatienal methods, we shall have engrafted upon our 
industrial education a very important and vitalizing element. 
The experience of the works must, as far as possible, be 
bi'ought into the school in order that the training of the" school 
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may properly and most profitably react upon the works. All 
the sciences and arts which find their applications in industrial 
works should be thoroughly taught in the schools, and there is 
no more difficulty in teaching the arts in a practical way, when 
they have once been comprehended as such, as they will be 
when studied ,~s a whole, and not through some special applica- 
tion, than there is in teaching the sciences as such, or in their 
applications. But the manual of an art can only be formulated 
and taught by an expert in this art, and it is only through such 
a course of instruction as a basis, that we come to see the vital 
connection between science and art in their relations and appli- 
cations in the various industries. Our system of excursions 
naturally led us to consider the feasibility of a trip to Philadel- 
phia during the Centennial Exhibition. :~ut too many were 
anxious to go ; none of the departments which had been in the 
habit of arranging and conducting excursions of small parties 
were willing to undertake one on so large a scale. At last the 
Military department came to our aid. The organization which 
had been found necessary for properly carrying on the instruc- 
tion of the department, was found sufficient to maintain order 
and cohesion in a much larger body, and the Institute, as well as 
all the members of the party, owe a debt of gratitude to Lieut. 
Zaliaski for the energy and efficiency with which the whole 
affair was conducted; and it gives me great pleasure to refer 
you to his interesting report, where you r find full details of 
all matters connected with the expedition, except the presenta- 
tion to Lieut. Zalinski of a valuable watch and chain by the 
members of the party, in recognition of his aid in planning and 
conducting the expedition. This presentation was also made 
the occasion by members of the Corporation present, as well as 
by professors and students, to cordially thank him for what he 
]tad done for the school in the reorganization of the Military 
department, in the building of a proper drill hall. and gymna- 
sium, and in the establishment of a restaurant where well 
cooked and well served meals could be had at a reasonable price. 
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I gladly take this opportunity to thank Lieut. Zalinski in 
behalf of tile Corporation, and to wish him success in all his 
future duties and relations. 

It was supposed that much special study would be done and 
reported upon by the students of the several departments. In 
this expectation we were to a considerable extent disappointed. 
While the heads of departments were able to aid their students 
in finding what related particularly to their work, and to guide 
them in a general way, the excitements and fatigue of each day 
left little power or desire to take full notes, and still less co 
write them out for tim instruction or inspection of others at the 
end of the day. Notwithstanding this apparent, not real, fail- 
ure to accomplish the result in a given way, the exhibition 
proved a grand lesson to all of us, and I am happy in believing 
that the Institute is only just beginning to reap the fi'uits which 
in succeeding years will reach greater maturity and value. 

The Centennial Collections. When our party disbanded, I 
felt convinced that the Institute could reap an additional advan- 
tage if some one could be on the ground to gather up such ma- 
terials as would in all probability be given to institutions, or 
sold at low rates, rather than packed and returned home at 
greater or less cost. Mr. A. D. Blodgett, one of the graduates 
of 1876, was selected for this duty. He began work July 1st, 
and remained in Philadelphia until the middle of December, 
after he had packed and shipped his collections to Boston. 
Since his return he has taken charge of the arranging and 
cataloguing the collections, the results of which you will find in 
the Appendix. These collections could have been made much 
larger and more valuable if we had had but a small sum to ex- 
pend in this way. Not an article was purchased, our only 
expense being the packing and sending to Boston. 

At the same time, Mr. Blodgett took charge of the Institute's 
exhibit, and distributed about 8000 copies of various catalogues 
and reports to individuals, and to foreigll countries, through 
their Commissioners. It was by this mean8 that many of the 



xi 

collections were obtained, and relations were established which 
can not fail of continuing to be of advantage to the Institute. 

We have thus formed the nucleus of the Industrial Museum, 
which was a prominent feature of the Institute in its Act of 
Incorporation. With proper space and care this Museum would 
grow rapidly at a very inconsiderable annual cost. This mat- 
ter deserves your serious attention. 

THE NEW TEMPORARY" BUILDING FOR SHOP-WORK 
AND ADVANCED CHEMISTRY. 

The New Building. The plan of the building authorized by 
your vote of Aug. 17, 1876, is given on the next page. It 
is of one story, with 12 r brick walls, nearly fiat tar and gravel 
roof, well lighted, heated, and ventilated, and covers 7500 sq. 
feet. The stem of the T, 150r• r was first built, but finding 
greater demands upon the space than was expected, we after- 
wards made an addition of 7U• t parallel to Newbury St. 
Some changes in the details in the heating of the main bui!ding 
has given tile heat and power needed in this building without 
any addition of boiler capacity. The funds for the erection, 
heating, and equipment of this building have been contributed 
by tim Women's Educational Association, the Massachusetts 
Charitable Mechanic Associations and various individuals, 
details of which will be reported hereafter. 

A. Women's Advanced C'hemical _Laboratory. With the ex- 
ception of tile years 1869-70 and 1872-73, chemistry has been 
among the Lowell Courses since their establishment in 1865- 
66. The instruction in this subject has been given mostly 
through laboratory work; and as the courses have been open to 
both sexes, quite a large number of women, residing in and 
about Boston, have been able to  acquire a good knowledge of 
General Chemistry and Qualitatiee Analysis. This fact led 
the Women's Educational Association of Boston to apply to 
this Institute to furnish advanced chemical instruction to women. 
By your vote of May 10, 1876, such instruction was author- 

: h  , , , .  
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ized, prgvided the Association would aid in securing the funds 
to provide the proper laboratory and equipments. The Asso- 
ciation promptly peneormed its part by raising for this purpose 
about $2000. The laboratory, balance and reception rooms, 
are devoted exclusively to women, and will accommodate about 
twenty students. The space devoted to this laboratory was 
placed in charge of Professo'. John M. Ordway, to whom we owe 
the excellent and commodious arrangements, and under whose 
personal supervision and instruction the department has realized 
the highest expectations of all concerned. 

E. The 3li,~roseopic and Spectroscopic Laboratory. The 
theory and use of these instruments constitute a part of the 
general course in physics; but the need has long been felt for 
the ])roper facilities for applying them in other subjects of study. 
By an ingenious seating devised by Professor Ordway, tile ta- 
ble supporting the instrument is so connected with the dissect- 
ing table that the student turns from one to the other without 
leaving his seat. Each table is supplied with gas and water. 
Tile laboratory accommodates ten students at a time, and is a 
model of convenience and compactness of arrangement. It is 
in charge of Prof. Ordway, is open to all students in the school 
requiri~ g this instruction, aud is a valuable and interesting 
adjunct to our resources. 

D. The Industrial Chemical Laboratory. For some years 
the chemical department has felt the urgent need of more room. 
This has been especially needed in Industrial and Organic 
Chemistry. The opportunity for providing temporarily for these 
wants has been offered in the new building. The kettles for 
dyeing are already set, and the various filrnaces and other ap- 
pliances will soon be in place. 

O, P, Q, R. The Organic Chemical Laboratory is separated 
from the remainder of the building by a brick' wall and is sub- 
stantially fire-proof. The benches and hoods are of stone, and 
the floor of cement. It has been admirably arranged in all its 
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details by Professor Wing, and was built and fitted at his own 
personal expense, assisted to some extent by a few friends. It 
will be noticed that the additions to the resources of the chemi- 
cal department of the Institute, to which I have called your at- 
tention, are of a marked and substantial character, and I am 
happy to say that for breadth, thoroughness, and efficiency in 
all the details of the instruction we have every reason to be 
fully satisfied with the present condition of the department. 

TttE RUSSIAN SYSTEM OF INDUSTRIAL ART 
EDUCATION. 

In the report which I had the honor to make upon this sub- 
ject soon after my return from Philadelphia in July last, it was 
seen that the Russian Government had decided some years ago, 
that in the education of mechanical engineers and machinists, 
practice should be combined with theory, to the extent that the 
young engineer should be able to construct his own designs with 
his own hands. To this end large manufacturing works were 
connected with the :Imperial Technical School of Moscow, which 
has solicited and executed orders to the amount of thirty-five 
to forty-six thousand dollars annually. These work were thor- 
oughly organized, with competent engineers at the head of 
the various departments, with a sufficient number of skilled 
workmen, and conducted as a commercial establishment. To 
these large and well appointed works the students were admit- 
ted for the purpose of acquiring manual skill and professional 
prac*ice without any preparation, until 1868. During these 
years the system of apprenticeship was tested as a part of an 
educational system under the most favorable conditions. It 
failed. Unskilled and intermittent labor was found prejudicial 
to commercial success, while it was also found impossible to de- 
velop the manual skill of the students in a systematic and pro- 
gressive way, with the proper tests for thoroughness and effi- 
ciency at every step, with the greatest economy in teaching 
and supervision to the institution and of time to the student. 
Since 1868 that system of art teaching has been pursued which 
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produced the surprising results exhibited at Philadelphia. 
Here then we have in the experience of this great school, gained 
through a ,,umber of years, a comparison of' the two systems; 
the one of teaching the arts indirectly through their applica- 
tions in the manuihcturing works, and the other of teaching the 
arts directly as such, and as preliminary and preparatoty to ad- 
mission to these works. 

It is indeed true that after the arts have been learned, the 
next logical step in a fhll course is to teach their applications 
through constructions, either in private works, or as is done in 
the Moscow school. In a government school, when the curricu- 
lum covers six years, and the young engineer is needed in t~he 
service immediately upon graduation, and has not thc opportu- 
nity, for any reason, to learn the details of construction in pri- 
vate works, then the attaching of the works to the school may 
be justified. 

I propose now briefly to call your attention to the shops which 
we have thus far been able to establish, reserving for my next 
report a full exposition of the system as we have applied it, 
giving cuts showing the blanks as they come to the student, 
and also the finished work, with tables of results, showing the 
percentage of accuracy obtained by each student on every piece 
of work in each course. 

I. The FTse 5'hop for teaching the Arts of ChipTing , Filing, 
etc. In the fitting of this shop I wish to express my great in- 
debtedness to Pr~)fessor Whitaker, whose practical experience 
enabled him to judge of the value of the system, and to work 
out the details of the instruction and supervision which have 
been so ably and satisfactorily carried out by Mr. Wallburg, 
who has had the immediate charge of this shop. 

The shop contains four heavy benches, each 18 ft. long, 8 
ft. wide and 221 ft. high. To each bench eight vises are attached. 
It was supposed that one teacher could instruct thirty-two stu- 
dents at a time, and this has been found to be about the right 
number. At the beginning of the course it is quite enough, 
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but later, when the students have acquired some ~skill and inde- 
pendence, a larger number might be successfully taught. As 
an experiment, we have adopted for this course thirty lessons 
of four hours each, giving three lessons per week, which is cer- 
tainly enough for the mechanical engineers, and probably also 
for the class in the new " School of Mechanic Arts," at first 
called the new course in Practical Mechanism. At each vise 
there sre four drawers, each large enough to ho~d l~ll the tools 
needed by the student at ally one time ; so that four sections of 
thirty-two each can take the course simultaneously. This shop 
has, then, a capacity for teaching the course to 128 students 
every ten weeks, and to 640 in a year of fifty weeks. 

The next step was to devise the proper series of designs to 
teach the use of the various forms of files and chipping chisels 
used in any branch of the art, and with a range wide enough 
to cover all probable apt)lications. At this stage the s~rvices of 
an expert were needed, and we were most fortunate in finding 
in Mr. Valentine Wallburg, a man who had spent twenty-five 
years in applying his art skill in various trades, and who had~ 
moreover, the ability to comprehend the unity involved in the 
details, which he had spent so many years in applying. Each 
piece is designed to teach a definite idea, and to be put into the 
course when the student has acquired the requisite skill to work 
it. As the class system is to be followed, the element of time 
must be the same for all. The teacher is required to solve 
each piece in advance of the class, to find the time it will take, 
having also to settle clearly in his own mind the best method of 
solution, with the reasons why. At the beginning of a lesson 
the teacher must be able to assign the time to be given to the 
class to solve this piece, to show them what it is intended to 
teach, and to give them the method of solution, with the rea- 
sons therefor. These points settled, and all needed directions 
having been given, all proceed to do the same work, and the 
teacher's time and energies are all devoted in directing and 
watching its progress. When the assigned time has expired, 
all the pieces are called in for inspection, in accordance with an 
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analysis which has previously been posted, assigning marks to 
each element for perfect workmanship. These marks add up 
100, the same given for perfection in other studies. 

The student, by careful;c-studying the analysis, is able to 
work, not at a venture, but with knowledge, for the highest 
marks, and thus his capacity to judge of the quality of work 
fully keeps pace with his ability to perform it. 

We are thus developing the mechanical judgment of the stu- 
dent by ma]king in advance a careful stud~, of the methods of 
solution, as well as the manual skill to perform, and tile ability 
to judge of the quality of work at the same time. Tile course 
in mechanical drawing, which keeps pace with the shop work, 
and tile parallel lecture-room course upon the same art, with its 
applications in construction, completes the instruction. 

That so much skill of hand could be acquired in one hundred 
and twenty hours' practice has been quite as great a '~urprise to 
mechanics as to others, and I am glad to be able to say now 
from our own experience, and in which I am joined by all with 
hardly an exception, that the system is a triumphant success. 

K. The Eorging Shop. This shop is fitted with eight 
forges. Tile Sturtevant pressure blower, which furnishes the 
blast for the forges, is placed in the engine room. Tile hoods 
over the forges are connected with a 16' pipe, which runs 
longitudinally near the ceiling of the shop, and enters a No. 4 
Sturtevant exhaust blower just through the partition into room 
M, and thence through the embankment and foundation of the 
main building into a flue at its northerly end on Newbury St. 
This exhaust blower removes completely all smoke and dust, 
and much of the heat, making this shop one of the best venti- 
lated and most comfortable rooms for work in the Institute. 

As the acquiring of manual skill in the art is the principal 
aim, only such tools a;'e furnished as are necessary to this end~ 
but none of the appliances which are simply used to facilitate 
work. In establishing this shop it was supposed that two stu- 
dents could work at the same time at each forge, thus giving 
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sixteen to a section. But in this we have been disappointed. 
I t  has been found that considerable skill in the management of 
the fire, and the use of all the tools, including the sledge, must 
be gained belbre two can advantageously be put at the same 
forge upon two-handed work. f)n this account the students 
have had thus far only half the time in the shop that was in- 
tended. But even this short time of sixty hours has fully 
demonstrated the value of the system in teaching this import- 
ant art, both in tile quality and amount of work. You may be 
interested in a brief statement of the analysis of the art upon 
which we have based our course of instruction. In the infancy 
of the z rt the forger was obliged to operate upon irregular 
shaped masses of metal and work them into the required form 
and dimensions. :Now the manufacturing works furnish us 
with iron and steel bars of any given shape and size in cross- 
section, and with this material the fi~rger has to dealo 

l~low it is found that the forger's art is substantially included 
in the six following elements: First, the management of the fire, 
and degrees of heat ; second, bending without changing the cross 
section; third, drawing-down, or reducing the cross section; 
fourth, jumping, or upsetting, that is, shortening the piece and 
increasing its cross section ; fifth, building up, or welding ; sixth, 
hardening and tempering. Now while the class are studying 
the forger's art in the class room, under the direction of the 
professor, either through lectures or some text upon the subject, 
such as is found in the " Practical Metal Worker 's  Assistant," 
by Oliver Byrne, they are at the same time in the shop work- 
ing out under the direction of an expert a sufficient number of 
graded examples under each of the above heads to become 
familiar with the theory, and acquire reasonable skill in the 
manipulations. I am satisfied that it is of comparatively little 
use to spend much time upon these subjects without the in- 
struction car. be based upon a reasonable amount of practice 
but with such a sub-stratum upon which to build, the whole 
subject becomes permeated with light and life. For instance, 
i~ is of little importance for the student to know the fact that 
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in tempering, certain tints accompany certain approximate tem- 
peratures, if he can not have the opportunity of studying, these 
relations by actual practice, and learning at tile same time how 
these facts are related to the uses of the tools he may be called 
upon to fbrge and temper. 

While it may be true in general that for tempering steel 
tools for metal working, from 430 to 450 degrees of heat are 
needed, and that very pale straw yellow indicates about 430 
degrees, and a ~hade of darker vellow about 450 degrees, it 
becomes especially and doubly true to the student who has 
once made and successfully tempered such a tool. 

I must not close my brief account of this shop without express- 
ing our obligations to Mr. B. F. Sturtevant of this city, who 
aided in working out the plan of this shop and fitted it at his 
own expense. He not only came to our aid with his large and 
successful experience as a skillful manufacturer of just what we 
needed to make the shop a perfect model of comfort and con- 
venience, when such aid was of the greatest value, but he 
also expressed his confidence in the method of instruction we 
had adopted by this generous contribution, with a heartiness 
and cordiality which entitles him to my lasting gratitude and 
regard. 

We were also fortunate in finding for the teacher of forging, 
Mr. James Bell, who has devoted forty years of his life to the 
practice of this art, and who by his skill, zeal and enthusiasm, 
and thorough comprehension of the system, and faith in its 
success made it such with every one of the fifty-one pupils who 
came under his instruction. That  we should have found mas- 
ters of two important arts, Mr. Wallburg and Mr. Bell, both 
so skillful, and at the same time having an apparently intuitive 
tact for teaching, is to me a matter of no less surprise than 
pleasure, and I gladly put on record my personal thanks to both 
of these gentlemen for the hearty and unfaltering support they 
have given me in all the details of instruction and discipline. 
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H. The Latl~e Sltop. In addition to the Vise and Forging 
Shops already mentioned, it is proposed as fast as the means 
can be secured, to thrnish facilities tbr teaching the use of 
machine tools and tbundry work, and thus complete the circle 
of the arts which apply particularly in constructions of iron 
and steel. 

Tile lathe will be regarded as the fundamental machine tool, 
and after tile student has become familiar with its construction 
and adjustments, and the tests for precision, he will be required 
to work out a series of designs, involving as a whole the entire 
capacity of the tool. All the other machine tools are to be 
regarded and used as supplementary to tile lathe, and the lathe 
course is to be so designed as to include their use to the extent 
that experience may render necessary. 

L. The Planer Shop is to be used for the supplementary 
tools, and it is thought that the shops H and L will furnish all 
the space needed for as many tools as one teacher can super- 
intend successihlly. American machine tools are now made of 
such variety and perfection that their skillful use is to be classed 
high in the scale of metal working arts, and it is only by per- 
sonal familiarity with these tools that the engineer can ever 
acquire a tangible and exact knowledge of' their capacity and 
their proper use by those under his direction. It  is admitted 
that to-day there are thr too few men in the shops who can use 
some of tile more complicated tools with anything like the req- 
uisite skill, and still fbwer who are able to adjust and test their 
accuracy within given limits. It  is useless to ask for a degree 
ef accuracy which the tool can not give through faulty con- 
struction, or through incompetent handling. The work in 
these shops is to be made auxiliary to the class room instruc- 
tion upon the theory and construction of these tools. 

0 ~ 9 M. The Foundery. Tile founder's and the for~er s arts are 
fundamental ill all metal constructions. To these we look for 
the first close approximation to the forms we wish to construct, 
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and in a complete system of art instruction in metal working, 
one is quite as important as the other. Nor is there any reason 
either on the score of space or expense, wily the fimnder's art 
shouhl be omitted. All the important manipulations in tile art 
call be as well learned in the moulding and casting of a good 
variety of small forms, as of large ones ; the difference consist- 
ing mainly in the handling, which usually depends upon special 
devices, and is not in any sense a part of the art. 

When the proposed series of shops are fully equipped, it is 
easy to see how the instruction in the founderv and the forging 
shop can be connected with the courses of i~lstruction in the 
vise and machine tool shops: and especially will the series be 
complete when we shall have the room and means to estahlish 
a pattern shop. Then the student will be able to take his own 
drawings into the shops and tbllow them up till the design is 
brought out in its finished state, either in cast or wrought iron. 
And further, all this can be done by rigorously following the 
class system of instruction, applying at each step the most rig- 
orous tests tbr thoroughness of workmanship. But a compara- 
tively small sum of money is still needed to carry out this plan 
fully, and I can not but feel that when the importance of this 
system of art-education is once clearly seen, not only in con- 
nection with technical schools, but as supplementing our pres- 
ent public school system, the means will not be wanting to 
enable us t~ work out the plan with care in all its details. 

You will be pleased to learn that by a recent letter fi'om the 
Director of the Imperial Technical S,Alool of Moscow, I am 
informed that the Russian Government has authorized him to 
duplicate the exhibit of that school at Philadelphia tbr the In- 
stitute of Technology. 

The Lowel l  School of  I n d u s t r i a l  Design. The continued 
demand for tile graduates of this school is the best evidence I 
call offel~of its success. Each year is adding to its efficiency 
as a school of design; hut there is beginning to be a demand 
made upon it which it has not yet been able to meet. These 
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young designers can not put their designs upon the loom and 
exhibit them in the woven fabric, and this art is so closely 
allied to that of designing that it should be taught in close con- 
nection with it. 

In foreign schools for teaching the arts employed in the tex- 
tile manufactures, two phases of the weaver's art are usually 
kept in v iew- -one  that mentioned above, and the other the 
handling of the loom after the work has been properly mounted. 
This latter point, I am satisfied from the slight experience we 
already have, is not important for us to consider. We find 
that the students have no difficulty in running the loom after a 
few hours' instruction and experience. In a large manufactm'- 
ing town I can see that it may be more economical to teach 
simple weaving in a school, than to be troubled with raw hands 
in the mills, but for us the question is simply the teaching the 
student how to make his weaving pattern from the design, and 
then put it properly upon the loom, and weave enough to show 
the design in the fabric; and for this purpose hand pattern 
looms are on many accounts better than power looms. The ex- 
pense of running power looms is too great simply for pattern 
weaving, and besides the weaving of a pattern should be done 
sh)wly to give the student time to observe tile working, and be- 
come familiar with the effects of each phase of the design as it 
appears in the fabric.. It is important, however, that the school 
should be supplied with specimens of several of the more suc- 
cessful power looms of various construction, that they may be 
used and studied as machines, and some knowledge gained of 
the adaptability of each for the production of a certain class of 
goods. The theory and practice of dyeing and sizing come in 
the Department of Industrial Chemistry. Our wishes in this 
matter coming to the attention of the Lewiston Machine Co. of 
Lewiston, Me., we were kindly presented with one of their 
looms, which has been used for weaving quite a number of de- 
signs, and has given great satisfaction to teacher arid pupils. 
We are also indebted to Mr. Edward A. Brigham of Boston, 
for an English loom, intended for the weaving of plain cotton 
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cloth and to be run as high as 225 picks per minute; and 
also to the Bridesburg Manufacturing Co. of Philadelphia, 
for one of their manufacture; neither of which we have yet 
had time to set up and use. Other parties have promised to 
aid us in this way, and we shall have no dilTicultv in adding 
this art to our course in designing. Messrs. Mudge, Sawyer 
& Co. have kindly furnished us with all the yarns needed, from 
the Washington Mills at Lawrence. 

]ndustrial ,S'cience and Art. Ill what precedes it will be no- 
ticed that some prominence is given to the matter of Industrial 
Art. It has been the spirit of our instruction in all depart- 
ments to combine theory and practice, that is, science and art, 
just as ihr as was practicable in a school. Even in the study of 
science, the practice, or art side, has been made promil~ent 
through our laboratories ; and our teaching has been successful 
ahnost in the exact proportion to the extent in which we have 
been able to build the instruction upon a manipulatory, or art 
basis. 

This sort of" science teaching is of comparatively modern 
invention; and this inversion of building the theory upon the 
practice, or the science upon the art, is only gradually working 
its way in the teaching of the purely industrial arts through 
practice shops as a foundation upon which to build, in the mind 
of the student, a knowledge of the theory or science, which 
pertains to each, and which is mainly the experience of its prac- 
titioners, growing out of all the varying conditions of the appli- 
cations. As, however, there is a time when science grows out 
of its corresponding art, so also there is a time when the art 
grows out of its applications in the trades, or handicrafts; and 
it becomes a matter of the greatest importance as to which 
phase of this development we use as the foundation of our in- 
dustrial education. 

In the past, the higher industrial education has been based 
upon the science phase, and the lower upon the trades, or 
handicraft, phase. It  seems to me that in the future we shall 
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find it the wisest to build upon the art phase, as the firm and 
substantial foundation for both" the engineer and the artisan, for 
both the theorist and the p't.actitioner~ no matter what the 
industry may be. Because if the student only acquires the 
art, he can apply it in the trades as a means of support, ~:hile 
upon the art as a foundation he may build a structure worthy 

of his highest aspirations. 

Gondusion. I ala glad to be able to say that the year's work 
has~ upon ~he whole, been successful. There has been pro- 
gress in all departments. We have only to regret the want of 
means to make the work still more successful. Not a single 
department has the means of meeting its necessary current 
expenses. In some a small appropriation is made to answer; in 
too many the minimum needs are made up by the professors; 
and the necessity for such contributions will last until a larger 
percentage of our income is derived from invested funds. 
There is no school or college in the country, so far as I 
know, whose students' fees constitute anything like such a 
large percentage of the total income; and I am sorry to know 
that our fees make it impossible for many young men to join 
our classes who would otherwise gladly do so. Nor have we 
the means for aiding needy students possessed by nearly all 
the older colleges. I refer to these facts here, hoping they 
may thus come to the attention of those who may be inclined 

to lend a helping hand. 
J O H N  D. RUNKLE,  President. 
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SECRETARY'S  R E P O R T  F O R  1875-1876. 

SOCIETY OF ARTS. 

There have been held during the year fourteen meetings of 
the Society of Arts. The first two meetings were devoted to 
the discu~on of the manner in which, if ill any, the Society 
would coiiperate with the School of the Institute in the Centen- 
nial Exhibition of 1876 at Philadelphia. Though the members 
consulted were all in favor of such representation, and a com- 
mittee was appointed to consider the subject, the Society, as 
such, did not coiiperate with the School in its exhibition, which 
proved of such great advantage to the students and an honor to 
the I n s t i t u t e -  an account of which will be found elsewhere. 

SPIRIT COMPASS, ETC. 

At the meeting of .Dee. 9, 1875, Mr. David Baker exhibited 
and explained the most important features of the so-called ,, Ba- 
ker Compass." 

The object of his invention was to r~medv the defects of 
spirit compasses, the most prominent of which ~ a r e : - - l .  The 
liquid with which they are filled is liable to freeze in low tem- 
peratures, rendering the instrument useless for the time being. 
2. The changing of the paint on the card and interior surface 
of the bowl from white to dark brown, making it difficult to 
distinguish the division marks. 3. The inconvenience and 
expense of taking the card to pieces in order to get at the 
needles to recharge them when necessary. 4. The leaking or 
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bursting of a card float at sea, rendering the compass inopera- 
tive. 5. The inability of a floating card to tm'n in the liquid 
with a desirable degree of activity, in consequence of the fric- 
tion produced by the float and needle casings. 6. Tim arrange- 
ment and movement of the lubber point. 

These defects Mr. Baker claims to have overcome by the 
following corresponding remedies : - -1 .  His compass is filled 
with a thin, transparent kerosene oil which cannot congeal 
under any temperature to Which it is liable to be exposed. 
2. His paint is very firm and durable, perfectly imperishable in 
the oil, and will not scale, crumble, nor wash off; neither will 
it change to a dark color by the lapse of time. 8. The oil 
prevents oxidation of the needles and pivot, permitting the 
construction of a very light card, consisting simply of a sheet 
of paper with open centre, supported by a thin and'~arrow rim 
of metal or other suitable substance, to which the needles are 
fixed. This permits the direct application of a magnet to the 
needles, without removing them fi'om tim card whenever it is 
necessary to re-charge them. 4. No float being used or re- 
quired, the compass can not become inoperative by a card-float 
leaking or sinking down on one side. 5. The light and thin 
card, displacing but a small quantity of liquid, and having no 
weight of casings around the needles and no float t e create 
fi'iction, turns very easily on a steel pivot, maintaining or regain- 
ing quickly its position in the magnetic meridian. 6. The 
lubber point, as usually made, is very deceptive, misrepresenting 
the direction of the vessel, and has doubtless been the cause 
�9 of many disasters at sea; it leads the mariner to suppose that 
he is sailing on a straight line when he is really making a zigzag 
course ; it may appear from this that he is sailing on a particular 
course, when he is actually sailing some degl'ees off. 

By a simple apparatus attached to his and the old form of 
compass, he :showed that at sea the inaccuracy in the latter was 
great in proportion to the roughness; when the vessel mounts 
a wave the bow turns one way off from the cours% carrying the 
lubber line with it;  when it descends into the trough of the 



sea, it goes rapidly to the other side; so that this line, though 
indicating the long axis of the vessel, by its swinging motion 
constantly deceives as to the true course of the vessel; in fact, 
the experienced helmsman steers more by the direction of the 
waves and the sails than by the lubber line. 

The whole secret is ill this : In the old instruments, in every 
nation, the outer gimbM ring on which the compass swings is 
suspended on pivots on each side, so that any change in the 
elevation of the how and stern of a vessel, except in an abso- 
lutely vertical plane, must be attended by an oblique motion, 
which carries the lubber line to one side or the other of the 
supposed course. He swings his compass on gimbals whose 
pivots are arranged in the longitudinal instead of the transverse 
axis of the ship, or fore and aft ; this deviation of the lubber 
line thus becomes impossible, and the compass, instead of being 
an uncertain guide, becomes entirely trustworthy. 

~XTINGUISHING OF FIRES ON SHIPBOARD. 

Lieut. F. 1~I. Barber, U. S. N., read a paper, illustrated by 
drawings on the black-board, on extinguishing fires on vessels 
laden with coal, cotton, or other combustible material. He 
utilizes the well-known properties of carbonic acid gas in the 
following way. 

In some convenient locality on board, as the spardeck, he 
places one or more flasks, about three feet long and one foot in 
diameter, containing about one hundred pounds of the gas in a 
liquid condition; fi'om the top of the flask runs a small iron 
pipe, just under the deck, the ~i'hole length of the ship; from 
this, at proper intervals, are branch pipes at right angles, pass- 
ing to every store room and the hold ; any one, or all the cocks, 
may be tin'ned from the main deck, near the flasks. 

On an alarm of fire the hatches are to be battened do~cn, 
and the gas let on to tlle compartment where the fire is; the 
liquid gas, under a heavy pressure, passes in the form of vapor 
through the pipe, and is instantly driven to the compartment to 



which it is admitted; arrived at this point, being one and a 
half times as heavy as air, it fills the compartment from the 
bottom upward, without being diluted by the air, producing at 
the same time intense cold by its expansion, and driving before 
it through cracks and crevices every particle of air. 

The liquid is non-corrosive, and the vapor is not injurious to 
the most delicate fabrics. It  is probably the only ~ubstance 
which will permanently suppress the most advanced stage of 
combustion in a cargo of coal. One pound of the liquid is 
equal to over eight cubic feet of gas ; it must be contained in 
vessels capable of sustaining the great pressure. 

The objections to its use, viz.: the want of" apparatus capa- 
ble of producing a large quantity in a short time and at a low 
cost, and of suitable vessels to contain it, have now been re- 
moved, tile described the apparatus, devised by Mr. W. N. 
Hill, which produces fifty pounds of liquid gas per hour, at a 
cost of only fifteen cents a pound. The containing flasks are 
made of steel, weighing a little over three hundred pounds, 
and tested to t~vo thousand pounds per square inch, hydraulic 
pressure ; tested to destruction, one gav e way at three thousand 
one hundred and thirty-two pounds per square inch. The 
flasks are made of sheets of steel, rolled up like" curl-papers, 
one within the other; the outer one is riveted, and all spaces 
between the sheets are filled with pure tin. 

T H E  L I Q U I D  COMPASS. 

DeeemSer 23. Mr. Edward S. Ritchie read a paper on the 
" B a k e r "  or "liquid compass," replying to the statements 
made at the last meeting. 

In his compasses he uses alcohol and water, the first of which 
has never been frozen ; the mixture he uses he has never known 
to freeze when in use on board ship. On examining the 
" B a k e r "  compass he found the liquid used was naphtha, a 
highly volatile and combustible liquid, vaporizing and burnil~g 
at all temperat~es.  Though this will not affect the paint of 



the compass, nor congeal at any temperature to which it is 
likely to be exposed, it is, he thinks, very objectionable; it is 
very volatile and difficult to hold, very expansive when lmated, 
requiring a compensatibn of much greater capacity than alco- 
hol and water, and increasing the danger of bursting the bowl 
by heat or cold. 

Placed as a compass generally is, in a close binnacle, with a 
lamp lighted inside, if fi'om any cause a leak should occur, a 
dangerous explosion might result. The changing of the color 
of the paint is now practically corrected. The magnets are 
never charged until the cards are ready to be placed in the 
bowl, and it would be quite practicable to charge them in the 
bowl. The leaking of a card is possible, but extremely rare, % 

as each one is severely tested under high pressure; his card 
bears but about forty-five grains on the pivot, while in the new 
compass it bears with a pressure of half an ounce. 

Mr. Ritchie also stated that placing the lubber line in the line 
of bearing of the gimbal ring was not new, as the ships of the 
American and English navies had for many years been fur- 
nished with compasses whose lines were placed in this position ; 
he had himself made hundreds in this way, and it is by no 
means certain that this is the best position. 

M E T R I C  SYSTEM OF W E I G H T S  AND MEASURES.  

Mr. Edmund H. Hewins read a paper on the "Metric Sys- 
tem," which has been adopted by a majority of nations, includ- 
ing the United States. Standard metres are now deposited at 
Washington. England is almost the only important govern- 
ment which still withholds its approval. 

It is so simple that any person of ordinary intelligence can 
readily be taught it in a few hours ; and no one could pretend 
to master the old system of apothecary's, avoirdupois, and troy 
weights, and the inches, feet, yards, fathoms, furlongs, miles, 
perches, acres, pecks, bushels, gallons, quarts, pints~ gills, etc., 
in many w e e k s -  to say nothing of the general uselessness of 
the knowledge in any country but his own. 
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He dwelt on its advantage to mechanics, in enabling them to 
have a common standard where there is now so much confilsion 
and arbitrary method of measurement, as in screws, taps, dies~ 
etc., both in government and private shops. 

Mr. J. P. Putnam continued the subject by reading a com. 
munication oll the advantages of t h e  system, and the means 
that had been taken to introduce it into various countries. 
That decimal division of weights, measures and money, is of 
the first importance in computation is shown by the praise gen- 
erally bestowed on the federal currency; and that engineers 
share in this opinion may be seen by their using decimals of a 
foot where riley can, although, by so doing, they are at variance 
with the general practice of the community. 

The real difficulty is not with the proposed system, but with 
making the change. The cost of such a revolution, affhcting 
so large a proportion of the transactions of life, must be enor- 
mous; but it is equally true, if not quite so obvious, that it is 
costing enormously to keep up the present confusion. I t  is 
already used in the mint and on the coast survey ; men of sci- 
ence have used it for many years ; it is used by analytical chem- 
ists, and will soon be used by many architects and constructors 
all over the country. To accomplish its introduction concerted 
action is necessary. 

In the metric system, the weight and dimensions of every 
material th ing , - -whe the r  solid, liquid, or g a s e o u s , -  whether 
on land or on w a t e r ~ -  whether in the earth or in the heavens, 
- - a n d  whether determined by the scale, plummet, balance, 
barometer, or thermometers--are  ascertained by a method 
absolutely uniform, entirely simple and equally suitable to the 
use of all m a n k i n d , -  resting upon a single invariable standard 
'of linear measure, with multiples and submultiples, like those 
of our monetary s y s t e m , -  exclusively decimal, with appropri- 
ate names, similar in all l a n g u a g e s -  and itself secure hgainst 
the possibility of change, or loss through carelessness, or acci- 
dent, or design, by being constructed on scientific principles~ 
and copied for distribution among the different nations of the 



world. The standard unit of length, the metre, is tlle ten 
millionth part of the quadrant of the meridian, equal to very 
nearly 39.37 English inches. 

N E W  METHODS OF T O P O G R A P H I C A L  S U R V E Y I N G .  

January 13, 1876. Prof. E. C. Pickering made a communi- 
cation oil some new methods of topographical surveying among 
mountains, devised by himself, as distinguished fi'om the old 
method of trigonometrical survey, which is very expensive as 
well as inaccurate, and fi'om the plane .table, which answers 
very well for the determination of a few points. 

He exhibited a new instrument, with various modifications, 
for use among the mountains. His object was to dispense with 
tile graduated circle, and its bulky and heavy stand, and to be 
able to make accurate observations without the necessity of 
ascending the mountains, thus saving nmch time, labor and 
expense. He brought to the notice of the meeting three dif- 
ferent methods, each having its special applications. 

The first was a new stadium, as a substitute for the one 
cbmmonly used in the coast survey and elsewhere, which re- 
quires the services of two persons, mid which is also inaccurate. 
He uses an ordinary small and portable telescope, lightly but 
firmly mounted, having a plane glass mirror in front of the 
object glass; by placing this mirror at the proper angle, the 
two images of an object are made to coincide. Two positions 
being taken on the same line, at right angles to the object seen, 
the measurement of the different angles fi'om these different 
points enables the observer to measure the distance with a great 
degree of accuracy. 

This instrument, used for measuring horizontal distances, 
being made to turn 90 ~ on its longitudinal axis, may then be 
employed for measuring heights. He uses a good level firmly 
attached to it, and a spide~line micrometer, or eye-piece, con- 
taining a divided scale. It is practicMly, therefore, a zenith 
telescope, without vertical circle or heavy mounting, but with a 
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rigid connection between the level and the instrument. Its 
liability to error is very small, and its use easy and satisfactory. 

The third form of apparatus was for working out details, 
after certain main features had been determined by other 
means; it was specially valuable for making contour maps, 
which by ordina/~y processes are difficult and expensive. His 
device was a modification of the camera obscura, easily trans- 
ported and managed. He explained how, by this sim'ple appa- 
ratus, the height and velocity of clouds may be determined, the 
distance of a thunder-cloud, and the velocity of sound. 

Attention was drawn to the simplicity and efficacy of these 
instruments, which would so diminish the cost, and increase the 
accuracy of topographical surveys, that no State need be de- 
terred from authorizing such survey on the ground of the ~'eat 
expense of the topographical work. 

N E W  W I N D  V A N E .  

Ganuary 27. Prof. Pickering described a new form of wind 
vane, an invention of Mr. W. H. Pickering, now a student at 
the Institute. 

I t  consisted of an ordinal T vane, which had attached to the 
base of its pivot-socket two arms inclined downwards, one on 
each side of the vane. To the left hand arm was attached a 
ball, and to the right a piece of ground glass, of such a size 
that when viewed ~[?om the front it would present the same 
amount of surface as the ball, both about as large as tile let- 
ters denoting the points of the compass. The object is to show 
the direction of the wind under all circumstances, especially 
when a person in the lille of tile wind might be unable r tell 
whether it was north or south, east or west; when the bali 
appears to the right of tim pivot the vane is pointing toward 
you, and when to tile left, away from you. The ball is the 
object judged by, as the glass would be invisible at a short dis- 
tance, the use of the ]as~ being to counterbalance the weight of 
the balk and to counteract the action of the wind on it. The 
improvement is a very cheap one, and can be easily applied to 
any vane now in use. 



I I ~ S T R U M E N T  FOR D R A W I N G  CURVES. 

l~ir. John M. Batchelder, of Cambridge, sent for exhibition 
a new instrument, devised by himself, for drawing curved lines, 
such as are ordinarily made by the French curves. 

A diagram of the various and graceful curves which may be 
drawn by this instrument was exhibited. The opinion was 
expressed that the flexibility of the steel bands was such that 
extreme care would be necessary to insure accuracy. 

Mr. Moore spoke of the importance of preserving in some 
way the diagrams made in illustration of the papers read before 
the Society, in many cases indispensable for the permanent 
value of communications. 

DIFFERENTIAL COMPASS. 

February 10. Mr. S. W. Hohnan, a student of the Insti- 
tute, in the Department of Physics, presented in behalf of the 
inventor, Mr. George Iles of Montreal, a new form of mari- 
ner's compass, c~dled a "Differential Compass." 

The instrument was designed to detect variations of the 
compass needle, due to the disturbing action of iron ships, and 
to give the mariner a means of correcting this error at any 
time, thus obtaining the magnetic north. 

After explaining the effect of the iron mass of a vessel on 
the compass, illustrating the action by magnets, he described 

the model. 
It consists of two compound needles pivoted one above the 

other. The upper jmedle is made up of a series of bundles of 
small steel magnets, held between two long strips of aluminmn ; 
the bundles are arranged with their like poles pointing in the 
same directions, the north pole of one bundle being placed 
toward the south pole of another. As each small bar magnet 
can be much more intensely magnetized in 4)roportion to its 
bulk than a larger one, we can obtain by this arrangement a 
much more intensely magnetized needle than with an or~linary 
steel bar. The lower compass needle is an ingenious arrange- 
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ment of similar small steel magnets across a bar of aluminum, 
like poles being all upon the same side of the bar. In this way 
is produced a compound needle, which sets with its length east 
and west; when pivoted one above the other, the needles set 
at right angles. 

I f  a piece of soft iron, or an attractive magnetic pole, be in- 
troduced into any quadrant near the needles, the quadrant is 
diminished to an acute angle. Upon this fact is based the 
method of determination of the deviation of the compass and 
its compensation. The conclusion of the inventor was that 
any disturbing mass at any distance would cause the needles to 
deviate toward each other in some quadrant, forming an acute 
angle there ; this acute angle was to be rendere(I a right angle 
again by the repellant pole of a compensating magnet under 
certain prescribed conditions. 

Mr. Holman showed that, fi'om experiments performed by 
him on this compass in the laboratory, the action of disturbing 
forces at a distance was not as Mr. Iles had expected,-- that an 
acute angle was produced only when such force was at a small 
distance from the needle as compared witll the length of the 
small magnets composing ~hese needles,--  and that the compass 
failed to show any variation from a right angle between its 
needles, when a disturbing magnet had moved them both 
through a very large angle from a true position. 

He then showed, upon theoretical grounds, the reason for 
these two actions at different distances, making evident in this 
way the fallacy of the instrument, which had acquired a wide 
reputation. 

N E W  SYSTEM OF R I F L I N G  C A N N O N .  

l~ard~ 9. Prof. E. L. Zalinski, U. S . A . ,  read a paper, 
illustrated by nmnerous diagrams and models~ on a new system 
of rifling heavy guns, devised by Mr. S. P. Ruggles, a member 
of the Society. 

The following extracts embrace the principal points in the 

aper. 
P He sketched briefly the object of rifling guns, the various 
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kinds of rifled projectiles, tile principal methods in use at the 
present time, and thd arguments of advocates of the uniform 
and variable pitch or twist of rifling. 

The object of rifling guns is to give prqiectiles, not spherical, 
a rotary motion, which gives greater range and accuracy, and to 
impart the maximum projectile force to the shot with the mini- 
mum strain upon the gun. These projectiles are known as ex- 
pansive, compressive~ and flanged. 

The exptmsive class are made smaller than the bore to facili- 
tate loading, being used most fi'equently in the muzzle-loading 
cannon. The pressure of the powder-gas expands a soft metal 
cup or base so as to cause it to fill the grooves and rotate the 

prqiectile. 
The compressive class are made larger than the bore, and 

used with breech-loaders, and are made to take the rifling by 
being compressed. They are made of iron or steel, with a thin 
soft metal coating, usually a compound of lead and tin. This 
system is gradually being abandoned, as it strains the gun, and 
reduces the velocity and accuracy. 

The flanged class are made with flanges which correspond in 
position and inclination to the grooves of iron lined on the bear- 
ing side with a softer metal. While this class has given good 
results as to accuracy, range, and penetration, they strain the 
gun and the flanges are liable to break; they can not be'used 
with a variable twist; they are used, however, by most Euro- 
pean nations. 

Mr. Ruggles's plan of' rifling cannon and projectiles was shown 
by a model. It contains sixteen grooves of a serrated shape. 
The grooves used in United States cannon are rectangular, 
this Sir. Ruggles claims is mmecessary, as only one side of the 
groove is subjected to any strain or bearing in firing; conse- 
quently a number of serrated grooves, each having the same 
effective bearing surface as the rectangular groove, can be cut 
in the bore, doubling thereby the bearing surface without 
weakening the gun. 

The projectile has an expansive sabot of soft metal, which is 
forced into the groo'~,es by the powder gas, which thus gives the 
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required rotary motion. From this kind of groove the sabot is 
able to expand, fitting closely the bore at every point, utilizing 
file entire force of the powder, and preventing the escape of the 
gas, which is not the case with the service groove. Around the 
front of the projectile, near the junction of the cylindrical and 
conical portions, is a soft metal hoop, which is to be expanded 
by the gas that must pass the base sabot at the first moment of 
explosion; this will cause it to expand sufficiently to centre the 
front end, although it may not have fitted the grooves. This 
band is put on loosely, so that it may turn. 

Opinions differ as to the rate and kind of twist that should 
be given to rifling. There are two kinds of twist used, uniform 
and varying. The uniform twist is one which imparts the re- 
quired rotary velocity upon starting the projectile; the increas- 
ing variable twist is one which causes the projectile to move 
straight forward at first, and then gradually acquire its ultimate 
rotary velocity at the muzzle. 

Mr. Ruggles proposes to use an increasing twist, and con- 
siders that one based upon the law of gravitation will give tim 
best results. By an ingenious device he has made the twist an 
exact copy of the law, as to progressive increments of pitch, 
giving the projectile one revolution in travelling the first 481 of 
its flight. 

R~marks by several experts in the science of gunnery and 
projectiles added to the interest of the meeting. 

D E V E L O P M E N T S  I N  STEAM E N G I N E E R L N G .  

March 23. Prof. Channing Whitaker read a paper on some 
"New Developments in Steam Engineering. " 

De Pambour thought that saturated steam expanding in a 
cylinder followed the laws of Mariotte and Gay Lussac, that 
the steam remained saturated during the expansion, and that 
the weight of steam in the cylinder was constant throughout 
the expansion; we now know that these ideas are inconsistent 
with each other. 

Mariotte's law is that the pressure is inversely proportionally 
to the volume ; this law he represented by a diagram on tile board. 
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He gave the results of Regnault's, Rankine's, Zeuner's, Fair- 
bairn's, and Tate's experiments, as represented by diagram 
curves, 

Aider Dr. Joule had determined the mechanical equivalent 
of heat~ it was ascertained that some of the steam in the cylin- 
der would be condensed during expansion if no heat was com- 
municated to it during that time~ and hence, it was believed 
that the expansion line, instead of being a curve of a constant 
weight of saturated vapor, was a curve of a constantly decreas- 
iug weight of v~por. Rankine called this an"  adiabatic" curve, 
and this has been generally accepted by engineers as file one 
coming nearest to that according to which steam should expand 
in the cylinder of an engine, It is supposed that the steam nei- 
ther receives heat from, nor imparts heat to, any other substance 
during the expansion, but that as much heat as is necessary for 
the purpose is converted into the work done dm'ing expansion. 
The heat converted into this work is then obtained from the 
steam ~vhich is expanding, and a portion of it is therefore con- 
densed, and the curve is one of a decreasing quantity of satu- 
rated vapor. 

Prof. Whitaker stated that it is by no means certain that 
steam in a cylinder should be expected to expand along an 
adiabatic curve. The supposition that the steam neither re- 
ceives heat from, nor imparts heat to, any other substance dur- 
ing expansion, is an untenable one, and the conclusion is in 
error to the extent that it is affected by this supposition. He 
laid before the meeting some facts which led him to believe that 
the conditions of ordinary expansion are not those of the adia- 
batic curve. 

In almost all cases, indicator diagrams taken from unjacketed 
engines using saturated steam expansively, show a greater in- 
crease in the weight of steam during expansion than if the 
steam had expanded along a Mariotte's curve. During the 
winter of 1874-75 many experiments were made by the stu- 
dents in the Mechanical Engineering Laboratory of the Insti- 
tute bearing upon the question of condensation and re-evapora- 
tion in the cylinder. He gave an abstract of the thesis of Mr. 
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J. H. Head, from which it appeared that in unjacketed cyiin- 
ders the co-efficient of expansion of saturated steam, established 
theoretically by Rankine as _~0, is incorrect in ordinary practi- 
cal usage; the co-efficient is not constant, varying in different 
engines, and even at different cut-offs in the same engine. 

Two principal reasons have been assigned for the increase in 
the weight of steam in the cylinder during expansion : ~ leak- 
age, and re-evaporatlon d~f water which entered as steam and 
condensed against its cool walls during the early part of the 
stroke, the re-evaporation being produced by heat returned to 
the steam during expansion by the walls of the cylinder. As 
to the first, it seemed to him reasonable to suppose that in most 
cases at least as much steam will leak out of as into the cylin- 
der during the expansion. He thinks the results more likely 
due to condensation and re-evaporation. 

B L O O D  G L O B U L E S  O F  M A N  A N D  A t A M M A L I A  C O M P A R E D .  

A~ril 6. Dr. Ephraim Cutter exhibited micro-photographs 
of the blood of man and of some of the mammalia, taken by 
himself. 

The object of his researches was to ascertain what ground, 
if any, medico-legal experts had for saying that they could dis- 
tinguish the blood of a child fi'om that of all adult, or that of 
man from that of any other mammal�9 

Tile images thrown on a screen by the calcium light can be 
measured directly, and any observer can decide for himself 
whether such discrimination is possible, as size is the only mor- 
phological element of the red blood corpuscle taken into account 
by such experts. 

The averages of the measurements were as follows: 
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All were taken with the same ~ objective of Tolles.at a dis- 
tance of 26 inches, and reduced upon the glass positives at the 
same distance from the camera.' The powers used are very 
much higher than have ever before been employed in micro- 
photography. 

Whether such small differences could be of any value in legal 
medicine~ especially as in the same specimen the size varies con- 
siderably, he left for others to determine. 

He also exhibited the appearances presented by diseased blood, 
in the various stages of consumption, showing characteristic 
changes in the outlines, appearance, and contents of the glo- 
bules. 

Dr. Cutter exhibited an invalid chair of his invention, in 
which all the parts have an independent motion in a vertical 
plane, corresponding to the movements of tlle natural divisions 
of the body. 

Mr. H. P. Langley read a paper on windmills, and some of 
the wasted forces of nature. He described a cheap machine of 
his invention, useful ibr pumping and other domestic purposes. 

ELECTRIC R A I L W A Y  S I G N A L L I N G .  

April 27. Mr. William Robinson read a paper on his system 
of "Wireless Electric Railway Signalling, and the prolonga- 
tion of batteries " - - i l lus t ra ted  by a working model. 

His invention shows that the intricate and expensive system 
of line wires is unnecessary, and that excellent conductors are 
found in the ordinal T rails of the track, resting on the ties in 
the usual manner and without insulation, disproving the gener- 
ally received opinion that the electric current would be speedily 
lost by passing to the earth, especially in wet weather~ unless 
perfect insulation is secured. He gave a sketch of the various 
attempts to use the rails as conductors, fi'om an English patent 
in 1848, to his own invention, which would hardly be intelli- 
gible without the diagrams. 

He also read a paper on his new method of prolonging the 

r 
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duration of batteries, and gave what he believed to be the ex- 
planation of the facts. 

M I N I N G  LABORATORY OF T H E  I N S T I T U T E .  

Prof. Richards read a paper on the Mining Laboratory of the 
Institute, comparing its present with its former condition. In 
the improvements introduced, the idea has been constantly in 
mind that the Institute requires real machines, and not toys, to 
work on a small scale; he believes that any ore susceptible 
of washing can be practically treated in this laboratory. It 
connects the school practically with the mining interests ?f the 
country, by sending out students capable of putting into suc- 

�9 cessful operation machines they are familiar with. ~[t protects 
the public from imposition, and private individuals fi'om delu- 
sive hopes of a fortune, by establishing a criterion of just and 
true treatment by disinterested and able experimenters. The 
future is full of promise. 

E X P E R I M E N T S  ON SOUND. 

May 11. Mr. William W. Jacques, a student in the Physi- 
cal Department of the Institute, read a paper, illustrated by 
diagrams and apparatus, on some new experiments on Sound 
made by himself. 

They consisted of three series: the first was made for the 
purpose of testing the law of inverse squares; the second to 
show that the principles of Fresnel aud Huyghens, announced 
for the ether waves, could be applied to waves of sound; and 
the third, for tile purpose of measuring the velocity of sounds 
of considerable intensity. 

There is every dynamical reason for believing that the inten- 
sities of light, heat, and sound diminish as the reciprocals of the 
squares of the distances from their origins. That this is true of 
light and heat has been demonstrated experimentally ; his ex- 
periments proved that this law applies also to sound, the ob- 
served and cCdculated results agreeing almost exactly. 

'i 
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There seems to be no a prior i  reason why the principles of 
Fresnel and ttuyghens should not be applied to our atmosphere, 
and the experiments of Mr. Jacques on the diffraction of sound 
show that they may be so applied. From his data we may 
calculate the length of a sound wave, the velocity of sound, and, 
in short, all of the quantities dependent upon the velocity of 
sound as well as acoustic quantities analogous to the optical 
quantities deduced from the diffraction of light. 

hlany eminent mathematicians and physicists have raised ques- 
tions as to whether the velocity of sound is not affected by its 
intensit~ and pitch, by barometric pressure, hygrometric state, 
and by other supposed causes. Mr. Jacques's experiments had 
for their object the measurement of the velocity of sound near 
the mouth of a cannon. His method consisted of an automatic 
measurement of the velocity between the members of a series 
of membranes, placed at different distances from the source oI 
sound, by causing the sound, as it passed each membrane, to 
register its passage, by means of suitable electric connections, 
on a chronograph. The experiments were carried on at Water- 
town arsenal by means of a six-pound cannon. He carefully 
described the manner of conducting the experiments, which 
showed that the velocity of sound in the vicinity of a gun is 
greater than at a distance, by several feet. This is in accord- 
ance with theory. The method, when perfected, will probably 
furnish the most accurate results of the velocity of sound yet 
obtained. " 

N E W  FORM OF PLANE TABLE. 

Prof. Picketing exhibited a simple and inexpensive form of 
plane table. He called attention to the gradual change in the 
instruments used by surveyors, the plane table gradually taking 
the place of the compass. The principal obstacle to its general 
use is its expense, which, as ordinarily made, is not less than 
that of a transit, amounting sometimes to nearly three hundred 

, J  

dollars. Its weight~ also, is so great as to render its use difli- 
2 
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cult among the mountains, and the accurate fitting of some oI 
the parts renders them very liable to injury. 

He described and exhibited his instrument, which can be fur- 
nished for the sum of fifteen dollars. The cost of the proposed 
surveys of this and other States may be materially reduced, since 
the expense of the topography is generally a serious difficulty, 
and this could be very much lessened if large numbers of com- 
petent observers, like the Institute classes, could be provided 
with inexpensive instruments. 

TELEGRAI~ING MUSICAL SOUNDS. 

Mast ~5. Prof. A. Graham Bell read a paper, illustrated by 
several experiments, on "telephony" or the telegraphing of 
musical sounds. 

It  has long been known that an electro-magnet gives forth a 
sound when it is suddenly magnetized or d~magnetized. When 
rapidly produced the effect upon the ear is that of a musical 
note. The discovery of galvanic music by Page in 1837 led 
inquirers in different parts of the world, ahnost simultaneously, 
into telephonic research. 

As his researches will be published in full elsewhere, a brief 
abstract only of some of the principal points will be given here. 
[Proc. Amer. Acad. of Arts and Sciences. Vol. xII. 

In the autumn of 1874, Prof. Bell discovered that the sounds 
emitted by an electro-magnet under the influence of a discon- 
tinuous current of electricity are not due wholly to sudden 
changes in the magnetic condition of the iron core (as hereto- 
fore supposed), but that a portion of the effect results from 
vibrations in the insulated copper-wires composing the coils. 
Aft electro-magnet was arranged upon circuit with an instru- 
ment for interrupting the current ,-- the rheotome being placed 
in a distant room, so as to avoid interference with the experi- 
ment. Upon applying the ear to the magnet, a musical note 
was clearly perceived, and the sound persisted after the iron 
core had been removed. It was then much feebler in intensity, 
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but was otherwise unchanged,--  the curious crackling noise 
accompanying tile sound being well marked. 

The effect may probably be explained by tlle attraction of 
the coils of the wire for one another during tile passage of the 
galvanic current, and tlle sudden cessation of such attraction 
when the current is interrupted. 

Vel T striking audible effects can be produced upon a short 
circuit by means of two Grove elements. 

Loud sounds are emitted by pieces of iron and steel when 
subjected to the attraction of an electro-magnet which is placed 
in circuit with a rheotome. Under snell circumstances, the 
armatures of Morse-sounders and Relays produce sonorous ef- 
fects. He has succeeded in rendering the sounds audible to 
large audiences by interposing a tense membrane between the 
electro-magnet and its armature. The armature in this case 
consisted of a piece of clock-spring glued to tile membrane. 
Tile instrument was connected with a parlor organ, the reeds 
of which were so arranged as to open and close tlle circuit dur- 
ing their vibration. When the organ was played the music was 
loudly reproduced by the telephonic receiver in a distant room. 
When chords were played upon the org-an, the various notes 
composing the chords were emitted simultaneously by the arm- 
ature of the receiver. 

The simultaneous production of musical notes of different 
pitch by the electric current, was foreseen by him as early as 
1870, and demonstrated during tile year 187,q. Elisha Gray, 
of Chicago, and Paul La Cour, of Copefihagen, lay claim to 
the same discovery. Tlle fact that sounds of different pitch 
can be simultaneously produced upon any part of a telegraphic 
circuit is of great practical importance; for the duration of a 
musical note can be made to signify the dot or dash of the 
Morse alphabet, and thus a number of telegraphic messages may 
be sent simultaneously over the same wire without confusion by 
making signals of a definite pitch for each message. 

I f  the armature of an electro-magnet has a definite rate of 
oscillation of its own, it is thrown bodily into vibration when tile 
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interruptions of the current are timed to its movements. For 
instance, present an electro-magnet to the string of a piano, 
it will be found that the string which is in unison with the 
rheotome included in the circuit will be thrown into vibration 
by the attraction of the magnet. 

All the effects noted above result from rapid interruption of 
a voltaic current, but sounds may be produced electrically in 

many other ways. 
The Canon Gottoin de Coma, in 1785, observed that noises 

were emitted by iron rods placed in the open air during certain 
electrical conditions of the atmosphere; Beatson produced a 
sound from an iron wire by the discharge of a Leyden jar ;  
Gore obtained loud musical notes from mercury, accompanied 
by singularly beautiful crispations of the surface during the 
course of experiments in electrolysis ; and Page produced mus- 
ical tones from Trevelyan's bars by the action of the galvanic 

current. 
When an intermittent current is passed through the thick 

wires of a Ruhmkorff's coil, very curious audible efIhcts are 

produced by the circuit. 
When a voltaic battery is common to two closed circuits, the 

current is divided between them. If one of the circuits is rap- 
idly opened and closed, a pulsatory action of the current is 
occasioned upon the other. All the audible effects resulting 
from the passage of an intermittent current can also be produced, 
though in less degree, by means of a pulsatory current. 

When a permanent magnet is caused to vibrate in front of 
the pole of an electro-magnet, an undulatory or oscillatory cur- 
rent of electricity is induced in the coils of the electro-magnet, 
and sounds proceed from the armatures of other electro-magnets 

placed upon the circuit. 
The effect was much increased when a batter)" was included 

in the circuit. In this case, the vibration of the permanent 
magnet threw the battery-current into waves. A similar effect 
was produced by the vibration of an unmagnetized tuning-fork 
in front of the electro-magnet. The vibration of a soft iron 
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armature, or of a small piece of steel spring no larger than the 
pole of the electro-magnet in front of which it was placed, suf- 
ficed to produce audible effects in the distant room.- 

Electrical undulations can be produced directly in the voltaic 
current by vibrating the conducting wire in a liquid of high re- 
sistance included in the circuit, as water~ dilute sulphuric acid, 
or saturated solution of salt. 

Sullivan discovered that a current of electricity is generated 
by the vibration of a wire composed partly of one metal and 
partly of' another; and it is probable that electrical undulations 
were caused by the vibration. The current was produced so 
long as the wire emitted a musical note, but stopped immedi- 
ately upon the cessation of the sound. 

Although sounds proceed from the armatures of electro- 
magnets under tile influence of undulatory currents of elec- 
tricity, he has been unable to detect any audible effects due to 
the electro-magnets themselves. 

The telephonic effects described above are produced by three 
distinct varieties of currents, which he terms respectively inter- 
mittent, pulsatory, and undulatory. Intermittent currents are 
characterized by the alternate presence and absence of elec- 
tricity upon the circuit; pulsato-y currents result fi'om sudden 
or instantaneous changes in the intensity of a continuous cur- 
rent;  and undulatory currents are produced by gradual changes 
in the intensity of a current analogous to the changes in the 
density of air occasioned by simple pendulous vibrations. 

The expe~qments were novel and successful, and were wit- 
nessed by a large audience. 

The meetings were then suspended for the season. 
Mr. George W. Hammatt was elected an Associate Member. 

Messrs. A. T. Hall, George W. Pratt, and Thomas W. Pratt, 
have died during the year. Eight members have resigned, and 
four have been dropped for non-payment of fees. The list now 
comprises 63 life and 185 associate ~aembers. 
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SCHOOL OF INDUSTRIAL SCIENCE. 

The attendance at the School of Industrial Science for the 
year has been 299, as follows : Resident ga'aduates, 11 ; Regular 
students of 4th year, 43; of 3d, 43; of 2d, 30; of 1st, 66 ; -  
Students not candidates for a Degreee : 4th year, 15 ; 3d year, 
14 ; 2d year, 21 ; 1st year, 19 ; Architectural Students, 23 ; 
Students in Practical Design, 25, of whom 12 were females-- 
total 299, of whom 8 were graduates of other Institutions. 
Of these about two-thirds were fi'om Massachusetts, principally 
from Boston and its vicinity ; m fi'om other New England States, 
2"2 ; viz. : fi'om Maine, 6 ; New Hampshire, 6 ; Connecticut, 5 ; 
Rhode Island, 4 ; Vermont, 1. From other States, there were 
fi'om New York, 9; Ohio, 8 ; Illinois, 7 ; Indiana, 3 : Penn- 
sylvania, Iowa, Kentucky, Minnesota, California, 2 each ; :New 
Jersey, Michigan, Virginia, and District of Columbia, one each ; 
from Japan, 4;  from the Hawaiian Islands, Canada, and New 
Brunswick, one each. 

Thirty-four professors and teachers ]lave been connected with 
the school, and several advanced students have rendered assist- 
ance ill the various laboratories and in surveying. The fees 
tom students have amounted to about ~46,000. 

The class in the School of Design has been full, and the work 
has been entirely satisfactory. 

The Lowell Free Courses for the year were as follows : 

I. General Ghemist~. Twenty-four laboratory exercises, of two 
hours each, on Wednesday and Saturday afternoons, at 2�89 o'clock, by 
Professor Nichols, beginning Nov. 3. 

II. Qualitative Analgsis. Twenty-four laboratory exercises, of 
two hours each, on Wednesday and Saturday afternoons, at 2~ o'clock, 
by Professor Nichols, beginning Nov. 3. 

III. Philosophy. Eighteen lectures for beginners, on Kant's Crl- 
eique of Pure Reason, on Monday and Wednesday evenings, at 7{ 
o'clock, by Professor Howison, beginning Nov. 8. 

IV. Physiology and the Laws of Health. Eighteen lectures on 
Tuesday and Friday evenings, at 7} o'clock, by Professor Kneeland, 
beginning Nov. 9. 

o 
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V. Heat and its Applications. Eighteen lectures on Tuesday and 
Friday evenings, at 7 5 o'clock, by Professor Ordway, beginning 
Nov. 9. 

VI. Perspective and the Perspective of ~Shadows, with .Jppllca- 
tions. Eighteen lessons on Wednesday evenings, at 7.~ o'clock, by 
Professor Ware, beginning Nov. 3. 

VII. Light in its Relation to Color. Eighteen lectures on 
Wednesday and Saturday afternoons, at 3 o'clock, by Professor 
Cross, beginning Jan. 12, 1876. 

VIII. Elementary German. Eighteen lessons on Monday and 
Wednesday evenings, at 7�89 o'clock, by Professor Otis, �9 
Nov. 22. 

These were open to both sexes over eighteen years of age ; 
applicants to apply in their own hand-writing, stating age, occu- 
pation, and previous preparation. These courses are always 
well attended by persons desirous of substantial teaching, and 
having a serious purpose of improvement. 

1 

M E E T I N G S  OF T H E  CORPORATION.  

The Corporation has held nine meetings during the year. 
At the meeting of Oct. 13, 1875, it was voted to establish a 

dining room for the students in the gymnasium building. 
At the meeting of May 10, 1876, it was voted that the Com- 

mittee on the School be authorized to cause a laboratory to be 
constructed for advanced instruction in Chemistry and allied 
subjects to women, provided that the funds are contributed by 
the "Women's  Educational Association." 

At the same meeting the Committee were authorized to open 
such departments of the school as they see fit, to advanced spe- 
cial students of either sex, or to special classes, where it can be 
done without interfering with the regular work of the schoolM 
on payment of certain fees. 

At the meeting of June 7th, it was voted to confer the 
Degree of Bachelor of Science on the following students who 
had complied with all the requirements therefor: 
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T h o s .  A s p i n w a l l ,  J r .  . . B r o o k l i n e  . . . .  C i v i l  E n g i n e e r i n g .  

T .  W .  B a l d w i n ,  A .  B . . . .  B a n g o r ,  M e  . . . .  ,, ,, 

J o s h u a B .  F .  B r e e d  �9 �9 L o u i s v i l l e ,  K y .  . . ,, ,, 

H a r r y  T .  B u t t o l p h  . . . B u f f a l o ,  N .  Y . . . .  ,, ,, 

F r e d .  K .  C o p e l a n d  . . . W i n c h e s t e r  . . . .  ' ,  ,, 

J o h n  R .  F r e e m a n  . . . L a w r e n c e  . . . .  , ,, 

F r a n k  W .  H o d g d o n  . . A r l i n g t o n  . . . .  ,, ,, 

A r t h u r  L .  M i l l s  . . . .  E v e r e t t  . . . . .  , 

H e n r y  R a e d e r ,  J r  . . . .  H y d e  P a r k  . . . .  ,, 

H e n r y  M .  W a i t t  . . . .  N a n t u c k e t  . . . . .  , ,  ,, 

H e n r y  B .  W o o d  . . . .  W o b u r n  . . . . .  ,, ,, 

C h a r l e s  L .  R i c h  . . . .  M o r r i s v i l l e ,  V t .  . . " ,, 

W m .  P .  J e w e t t  ( 7 2 - 3 )  C a p e  E l i z a b e t h ,  M e .  " " 

H e n r y  L .  R i p l e y  ( 7 2 - 3 )  . K i n g s t o n  . . . . .  , , ,  

A a r o n  D .  B l o d g e t t  . . . B o s t o n  . . . . .  M e c h a n .  " 

C l a r e n c e  L .  D e n n e t t  . . B e v e r l y  . . . . .  , 

F r a n c i s  E .  G a l l o u p e  . . L y n n  . . . . . .  ,, , ,  

S u m n e r  H o l l i n g s w o r t h .  . S. B r a i n t r e e  . . . , ,, 

A l f r e d  C.  K i l h a m  . . . B e v e r l y  . . . . .  ,, ,, 

T h e o d o r e  J .  L e w i s  . . . .  P h i l a d e l p h i a ,  P a . .  . " ,, 

C h a s .  T .  M a i n  . . . .  M a r b l e h e a d  . . . .  ,, ,, 

C h a s .  F .  P r i c h a r d  . . . , ,  . . . .  ,, ,, 

C h a s .  F .  A l l e n  . . . .  C i n c i n n a t i ,  O . . . .  M i n i n g  " 

A l f r e d  E .  H u n t  . . . .  H y d e  P a r k  . . . .  ,, ,, 

Sam;1  J a m e s ,  J r  . . . . .  C a m b r i d g e p o r t .  . . - , 

T h o s .  W .  R o b i n s o n .  . . C h i c a g o  . . . . .  - ,, 

T h e o .  E .  S c h w a r z  . . . B o s t o n  . . . . .  ,, ,, 

J u l i u s  H .  S u s m a n  . . . ,, . . . . . .  ,, ,, 

W a l t e r  D.  T o w n s e n d  . . ,, . . . . .  , ,  , 

W i n .  P .  A t w o o d  . . . .  L o w e l l  . . . . .  C h e m i s t r y .  

C h a s .  R .  F l e t c h e r  . . . C h e l s e a  . . . . .  , ,  

A l b e r t  H .  L o ~ v  . . . .  B o s t o n  . . . . .  ,, 

C h a s .  N .  W a i t e  . . . .  M e d f o r d " .  . . . .  ,, 

W i n .  E .  N i c k e r s o n  . . . N .  S o m e r v i l l e  . . . ,, 

R o b e r t  H .  G o u l d  . . E .  C a m b r i d g e  . . . M e t a l l u r g y .  

W a l t e r  B .  B a r r o w s .  . . R e a d i n g  . . . . .  N a t u r a l  H i s t o r y .  

W i n .  O .  C r o s b y  . . . . .  W a s h i n g t o n ,  D . C .  . " ,, 

J o h n  B .  H e n c k ,  J r  . . . .  B o s t o n  . . . . .  P h y s i c s .  

S i l a s  W .  H o l m a n  . . . F r a m i n g h a m  . . . ,, 

W m . W .  J a c q u e s  . . . N e w b u r y p o r t  . . - - 

W i l l i s  E .  D a v i s  . . . .  S a n  F r a n c i s c o ,  C a l . .  S c i e n c e  a n d  L i t e r a t ' e .  

C h a s .  A .  S a w y e r  . . . .  C h i c a g o ,  I l l  . . . .  ,, - ,, 
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David W. Phipps �9 �9 �9 Boston . . . . .  :Philosophy. 
Robert C. Ware~ S.B. �9 :Marblehead . . . .  ~ 

The subjects of the Theses, and the abstracts of the same, 

will be found in subsequent pages. 
The progress of the School in the various departments will 

be found in the reports of the President and Professors. 
At the meeting of Aug. 17th, it was voted to approve file 

plan for the new course in Practical Mechanism proposed by 
the President~ and to construct a one story brick building for 
that and advanced and organic chemistry, the funds having been 
contributed by the Charitable Mechanic Associati~.:, the ~:;o- 
men's Educational Association, and from sourSes unconnected 

with the funds of the Institute. 

SAMUEL" KNEELAND,  Secretary. 
0 

Boston, Oct. 2, 1876. 



DEI~ARTMENT OF PHYSICS. 

- BosTon, JAb. 31, 1877. 
Prof. J. D. RU~KLE, 

.President of the .Mkss. Inst. of Technology. 
DEAa S I R : -  

My official connection with the Massachusetts Institute of 
Technology, which has extended over a period of precisely ten 
years, terminates to-dayq I therefore take this opportunity of' pre- 
senting a statement of the work I have accomplished, and of com. 
paring the condition of the Physical Department and the natm'e 
of the instruction with that of ten years ago. At  that time in- 
struction in Physics was universally given by |ectm'es and recita- 
tions illustrated by experiments and diagrams. A student wishing 
to pursue this subject further, might aid his instructor in prepar- 
ing these experiments, and thus become qualified in his turn to 
deliver the lectures. The first step towards the introduction of a 
new order of things seems to have been taken by Prof. Win. B. 
Rogers, then President of the Institute, and Professor of Physics 
and Geology. In a pamphlet entitled " Scope and Phm of the 
School of Industrial Science of the Massachusetts Institute of 
Technology," published in 1864, the following paragraph headed 
"Pract ice in Physical and Chemical Manipulations" occurs on 
page 23 : - -  

" I t  will be the object of these exercises to make the student practically fa- 
miliar with the adjustments and use of the apparatus and agents employed 
in the more important experiments and processes in natural philosophy and 
chemistry. With this vlew~ the students, under the direction of their teacher, 
will be called, by small classes at a time, to execute with their own hands 
various experiments in mechanics, pneumatics, sound, optics, electricity, 
and other branches of experimental physics, and to exhibit chemical reac- 
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tions~ to fit up chemical apparatus, to prepare gases and other products, 
and demonstrate their properties by suitable experiments, accompanying 
these manipulations, when required, with an explanation of the apparatus 
used~ or of the process or experiment performed." 

On page 24 the following paragraph occum under the he:~ding 

"Laboratory of Physics and Mechamcs " : - -  

"In this laboratory, it is proposed to provide implements and apparatus 
with which tile student may be exercised in a variety of mechanical and 
physical processes and experiments. Thus he may learn practically the 
methods of estimating motors and machines by the dynamometer, of ex- 
perimenting on tile flow of water and air, or other gases, and of testing 
the strength of the materials used in construction. He may become famU- 
iar with the adjustments and applications of tile microscope; be practised 
in observing with the barometer, thermometer and hygrometer; and, in a 
room fitted up for photometry, may learn the mode of measuring the light 
produced by gas and other sources of illumination, and the value of differ- 
ent kinds of" bm.ners, lamps, and flmir appendages." 

This appears to be the first cleat" statement of the desirability 
of teaching Physics by the Laboratory method, but owing to the 
pressure of other business and the lack of means, the matter 
stopped at this point, and no definite plan was formed for carrying 

it out. 
Accordingly the first instruction in Physics at the Institute was 

given by the usual illustrated lectures, and this continued to be 
the case for the two following years. Meanwhile, my appointment 
in charge of the exercises in Physics led me to consider whether a 
plan for a Physical Laboratory might not be developed, and, ac- 
cordingly, in April, 1869, a scheme was offered to the Government 
of the Institute and printed and distributed among them, under 

the title "P lan  of the Physical Laboratory." 
This plan was carried out the following autumn, and has been in 

operation ever since without sensible change, except in extending 
its scope. In i~act, out of sixteen experiments published in 1870 
all but one or two are still in use without alteration. 

The cost of establishing this Laboratory was exceedingly small. 
The argmnent used was, " this  is an experiment and may not prove 
a success, therefore we will begin on a small scale, and ff it accom- 
plishes its end the public will at once appreciate its value, and it 
will not be difficult to obtain a liberal suppol%, while if u n s u c c e s s -  
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rid, the loss to the Institute will be small." Here, if anywhere, 
the mistake was made; it accompUshed far more than its projeetors 
anticipated, but the public, seeing how much had been accom- 
plished with so little, supposed that no more was needed. The 
great need of the Physical Laboratory at the present time is an 
independent endowment, by which, as regards apparatlis, it may be 
placed on an equal footing with ol;her Laboratories since estab- 
lished. Instead of an original expenditure of severtd thousand 
dollars, the cost to the Institute was little beyond that of fitting 
up the room adjoining the lecture-room with ttlbles, and gas and 
water fixtures, and most of this was done by those already con- 
nected with tl~e Institute. The apparatus wits largely constructed 
in a similar manner, at small cost, and without regard to looks, tile 
working being ahnost the sole consideration.. Notwithstanding 
these advense cireumstance~ the work of the Laboratory has been 
continually increasing. Tile spttce first provided proving insuf- 
ficient, a portion of the long room at the end of the building was 
added, and soon after the whole of this room was appropriated to 
this purpose. Two large rooms, one nearly a hundred feet in 
length, were tlms devoted to Laboratol T work. But, as re:my 
small rooms were needed rather than a few of large size, two 
alcoves were partitioned off from the main room, one devoted 
to a chemical store.room, and the other fitted with tools for a 
workshop. Recently, a partition has been run along one side of 
the large room, by which small rooms are formed for electric:d 
measurements, photometry and optical expel4ments requiring the 
exclusion of a portion of the light. The use of a portion of tile 
closet adjoining the physical lecture-room has also been granted 
for a battery room, and ~gr photographic work, and last year the 
room to the east of the front door has been darkened, so that it 
may be used for spectroscopic and other similar work. Notwith- 
standing this large amount of space, it is not of the kind best 
adapted to a Physical Laboratory. Accordingly last summer I 
presented a plan by which the same t~icilities could be obtained 
With a much more economical arnmgement of space. I proposed 
that the present rooms should be given up to lecture-rooms, or 
some of the other purposes to which they are admirably adapted, 
and that a block of three small dwelling houses should be con. 
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vel~ed into a Physical Laboratory. One of these could be leased 
to the Directol; and the other two would contain the large num- 
ber of small rooms especially required for this work. Am, ~ the 
numerous advantages of this plan are the economy, considerh~g the 
additional space gained, the means of erecting stone piers to secure 
steadiness tbr delicate instruments, the light for spectroscopic and 
photogr.q~hic work, the easy access to the ground ibr out-door ex- 
periments, tile comparatively unobstructed view for astronomical 
or meteorological observations, and the convenience ibr undertak- 
ing experiments requiring power 

The work of the Laboratory may be divided into three classes : 
t, hat tbr the regular students, additional courses, and original in- 
vestigation. Tile first of these has been thlly described elsewhere, 
in previous reports, in the Catalogues of the Institute, and in the 
"Elements of Physical Manipulation." The latter work, in par- 
ticuhr, gives in detail the work of the Laboratory, and is, in thet, 
based on tile manuscript directions to students in performing their 
various experiments. I t  will therefore be sufficient here to state, 
in a general way, what would be the work of an average student 
in the third year in tile com~se as now given. The actual experi- 
ments difl;~r a little in each ease, but tile following list shows ap- 
proximately what is done by every regular student in the third 
year's Class. 

3. Insertion of Cro.~s-Hairs, teaching the student to handle 
delicate objects. 

11. Cali~.atlon of Water, for graduating vessels. 
12. Cathetometer, measuring the height.of columns of liquid. 
14 .  S2)herometer, measm'ing the curvature of a lens. 
15. ".Estimating tenths of a ~econd, as in very accurate meas- 

urements of time. 
23. Composition of .Forces, illustrating the parallelogram of 

forces. 
25. Parallel Forces, measm'ing their resultant and comparing 

with theol T. 
28. Crank mo~ion, comparing the relative positions of a pis- 

ton rod and fly-wheel with that given by theol T. 
35. 39eflec$io~ of .Beams, proving the laws of elasticity. 
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45. 
46. 
67. 

glass. 
69. 

ing gas. 
76. 

41. -Borda's Pendulum, determining the force of gravity by 
the time of vibration of a pendulum, and measuring its length by 
(20) Reading Microscopes. 

]-Iydrometers, showing how specific gravity is tbund. 
~pecific Gravity .Bottle, for measuring specific gravities. 
Absorption Photometer, measuring the l!ght cut off by 

Bunsen PhotomeCer, for testing the quality of illuminat- 

,-qpectroseope, observing and measuring various spectra 
and analyziug by the spectroscope various unknown mixtures. 

78. Law of Lenses, compal~ug their observed :rod comlmted 
tbci. 

79. .Microscope, using v'u'ious appliances, as reflected and 
oblique illumination, camera iucida, micrometers, etc. 

88. OptAalmoscope, viewing the interior of an artificial eye, 
illustrating various diseases. 

92. Polarized Light, illustrating a subject otherwise acquired 
by the student only with difficulty. 

96. Telegraph, teaching the student to send messages. 
98. .Law of Galvanometer, or currents col'responding to 

various deflections. 
102. W7~eaestoue's Bridge, measuring resistances with appara- 

tus like that used on the Atl'mtic Cable. 
103. Resistance Coils, making and testing resistances by the 

British Association Bridge. 
105. ~Electromotive .Force and Resistance of a -Batte~'y, or a 

complete test of a galvanic battery. 
118. Force of Magnets, or their attraction measm'ed at various 

distances. 
125. J~xpansio~s of Zi~uids, with various temperatures. 
132. Law of Cooling, or the connection between time and 

temperature. 
133. Pressure of ~team, at various temperatures. 
138. Specific Heat,, measuring first that of water. 
145. E.fficiency qf Gas .Burners, measuring the number ot 

units of heat generated with a given burner per cubic foot of gas 
burned. 
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Since this only represents about fifty hours' work, or two hom~ 
a week for twenty-five weeks, tile apprehension that all the time 
would be spent on a few experiments, proved groundless. I f  the 
means were sufficient to kee l) tile apparatus in perfect order, there 
is no reason that this amount of work should not be made the 
minimum required of all students. Several of the more adv.mced 
institutions of learning in this country have already successfully 
adopted our system in the form in which we use it, and .it many 
othel~ its adoption is strongly desired. The only other plan com- 
peting with it, is that in which every experiment shall be very 
exhaustively treated, which requires a long time to be devoted to 
each one. This system may have advantages for specialists 
(though even then I think it should follow that given above), but 
I doubt its advis.tbility with large classes of students not particu- 
laHy interested in physics as a profession. As a matter of general 
culture, the list of experiments detailed above would have greater 
value than any single experiment, however fully treated. The use 
of the course here described as a means of culture should not 
be overlooked, as it is with this object that its introduction into 
out' larger colleges is to be expected. A student accustomed to 
learn merely from books acquires a new knowledge of physical 
phenomena, when he himself proves the colTectness of theoretical 
laws by actual experiment. Facts thus learned are also ihr more 
readily remembered. An interesting feature of this method of 
teaching is the rapid improvement, especially with classes who 
have had no previous laboratory practice. Such a class, during 
their first hour, accomplish almost nothing, and ahnost discourage 
both themselves and their instructor; the next hour shows an im- 
provement, and before many weeks, experiments are readily per- 
formed without question, which at first were quite" unintelligible 

to them. 
A good test of the character of the instruction, is the relation of 

teacher to pupil. My own relations, which have always been of 
the pleasantest character, I ascribe" largely to the interest of the 
classes in their work. They remain beyond the hour, encroach 
upon their dinner-hour, and frequently ask, and are allowed, to 
work at other times which they might devote to amusement. 
With this" condition of things disorder is almost unknown, and 
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they are treated, and I believe regard themselves, as friends and 
guests, rather than as pupils. Of course the consequence shows 
itself ill n largely increased amount of work, and a saving of much 
of the nervous wear and teal' of a teacher's litb. 

These remarks apply with still more force to the work of the 
fourth year, which is largely of ~ professional natm'e. Tile stu- 
dents ill Civil Engineering and Architecture devote two hours a 
week to work in the Physical Laboratory for half of their fourth 
year. TILe work during the present year serves as a type of their 
previously done. This year two students planned and built a 
truss of a form suitable for a roof, and measm'ed its change of 
shape under various loads. I t  finally broke under three hundred 
pounds, while the bars of which it was formed would not have 
borne a tenth part of the weight. Others studied the laws of 
continuous girders, and compared the deflections with those given 
by theol T ;  others tested a water-motor, measuring the flow, the 
pressure, the work done, the speed and other elements, and from 
these computed the efficiency. Others, again, measured the 
strength of wires, tile force required to strip a n u t  off" a bolt, and 
compared the effect of impact~ as in a pile-driver, with a de'td 
weight. In former years, several excellent models of bridges have 
been built by students, and these are now used for tests of change 
of tbrm with varying loads and for other purposes. 

Several other courses have also been given, mostly to students 
intending to make Physics their profession. Of these the follow. 
ing may be ment ioned: - -  

~echanicat .Engineerin 9. FormeHy the mechanical engineers 
spent four hours a week in their fourth year in the Laboratory. 
With  the establishment of a Mechanical Laboratoi T this work has 
been given up, and the course is now given to the students in 
Physics only. It  includes various mechanical measurements, as 
flow of water, strength of materials, velocity of shafting, friction 
and power (Phys. Manip., 1I, pp. 109-138). 

.Lante~'n .P~'ojec$ions. To students in Phy'sics only. The va- 
rious methods of using the lantern as a means of instruction 
(Phys. Manip., II, pp. 212-253). Last year, when several students 
in the fom~h year were devoting themselves to Physics, this course 
was supplemented by wome exercises which proved most successful 
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and usefid. Some lectures were given by these students to pupils 
of some of the neighboring private schools, and illustrated by the 
lantern and tile other lecture apparatus of the department. Thus 
our stlidents acquired the very best experience to fit them as te'lch. 
ers. Tile com'se ill L:mtern Projections has sometimes been given 
by Pros Cross, in connection with his own lectures. 

Geo<?esy. Last yea1; finding th'tt the students ill Civil Engi- 
neerillg received little instruction in this br:mch of higher survey- 
ing, :t course of lectures w.ts give~ to tile older students on geod. 
esy and topogr:tphy, with especial reference to the Geologic'd Sur- 
veys now under consider'ttion iu many of the United States. 

lb'actlc~d Astronomy. This course, which h'ls been given tbr 
the hst  two years ill tile tbrm of lectures, promises, by its :tdop- 
tion, :m excellent opportunity to some college, 1)rovided with the 
necess:try instrmnents, for the establishment of an Astrol~omical 
L:tbor:ltory (Physic:d M:mip., II, pp. 166-o12). 

P/toto~r~tplt 9. This course, originally given by Mr. Whipple, 
is now give~t by Prof  Cross to sttldents in Physics only. 

A(lc~t~ced l:'/tgsfcs. One of tile most successfid courses for 
the special students in Physics is that bearing this name. Tile 
tbt'm of each exercise is that of a scientific meeting, diflbrent stli- 
dents being selected in turn as secretaries. The adv'mta~es of a 
stu,lcnt's society .~re attained, while the objections of irregular 
:ittendance, and that the work would t~tll mainly on two or three 
n|en|bers, :ire obviated by requiring fi'om all, attendance and the 
present:ttion of papel~. Each student in t u r n  presents papers, 
often illustrated by experiments, either on some original work, or 
a review of some recently published research, or of the latest sci- 
entific i)eriodicals. Many of the standard researches in physics 
have been thus presented, and other matters of value to evel T 
scientific re:m, such as the character of various scientific societies 
and periodic~ds and other similar mattel~. This, with the lectures 
ret~erred to above, qualifies each student to express himself clearly 
and composedly before an audience. 

For the past two years instruction has been given in the Phys- 
ical Laboratory to the students of the Boston University, with 
i:esults highly satisfilctory to us, The laboratory course has thus 
been successfully tested with a class whose previous preparation 

3 
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has been literary rather than scientific. The income derived could, 
moreover, have ill been spared in maintaining the Laboratory. 

Tile great object to which my work for these last ten years has 
been directed, has been original investigation. Tiffs is the real 
goal to which tile attention of a student in the Pitysical L'lbora- 
tory is directed. The value of the course in physie'd manipula- 
tions is largely that it teqehes a student to think tbr himself, and 
prepares him with methods by which he may soh'e any I,roblem 
for himself experimentally. I have endeavored to impress on all 
our students in physics the principle that original investigation 
should be the great aim of every scientific man. In consequence, 
a great de:d has been done in the laboratory tlmt is new, but in 
many cases there has been neither time nor means tbr publication. 
The tbliowing articles have been published under the titles here 
given. Where I have aided the student largely in the work, my 
name appears ; in the other eases the work has been done almost 

entirely by the student. 

* On the Focal Length of Microscope Objectives. By Chas. R. Cross. 
Journ. Frank. It~st., lix, 401 (June, 1870). 

On the Relative Efficiency of Kerosene Burners. By Chas. J. H. Wood- 
bury. Jom'n. Frmik. Inst., xcvi, 115 (Aug., 1873). 

The Phonautograph. By Chas. A. Morey. Amer..Iourn. SoL, cviii~ 
130 (Aug., 18~4). 

I. Foci of Lenses placed obliquely. By Prof. E. C. Pickering and 
Dr. Chas. H. Williams. Pvoc. Amer. Acad., x, 300. 

lI. Light transmitted by one or more Plates of Gl~s. By W. W. 
Jacques. Pvoc. Amer. Acad., x, 389. 

lII. Intensity of Twilight. By Chas. H. Williams. Proc. Amer. Acad., 

x, 421. 
IV. Light of the Sky. By W. O. Crosby. Proc. Amer..'lead., x, 425. 

V. Light absorbed by the Atmosphere of the Still. By E. C. Picker- 
ing and D. P. Strange. Proc. Amer. Acad., x, 428. 

VI. Tests of a Magneto-Electric :Machine. By E. C, Piekering and 
D. P. Strange. Proc. Amer. Acad.;' x, 4;32; Elect~'ical A'ews~ 

i, 14, 54. 
VII. Answer to M. Jamin's ol~ection to Amp~re's Theory. By W. W. 

J,~eques. Proc. Amer. Acad., x, 445. 
VIII. An Experimental Proof of the Law of Invex~se Squares for Sound. 

By Win. W. Jacques. Proc. Amer. Acad., xi, 265. 
IX. Diffraction of Sound. By Win. W. Jacques. Proc. A~r~ev. Acad.. 

xi, 269. 



35 

X. Comp:~rlson of Prismatic aml Diffraction Spectra. Proc. Amer. 
Acad.~ xi, 273 (June, 1875). 

~Xl. On the Etli~et of Temperature on tile Viscosity of Air. By S. 
W. Hohnam Proc. Auger. ,,lead, xii, 41. 

The  /bllowiag articles were published in '  the Report of tile 
Physietd L:tboratory for the year 1871-72. 

The first/but'  are Reports of the Civil Engineers of the Fourth 
Year  in the course rethl'red to above. 

Report upon Experiments on a Queen-Post '/'russ and its component 
parts, By Messrs. C. 8. W:u'd and B. E. Brewster, 

Mea,s~rement of the Anguhu" Deflection of Beam~ fixed at one end. 
By Mr, C. F. Allen. 

Al)paratus tbr ruling lines with a Diamond. By Mr, C. F. Allen. 
Coefficients of Efllux. By Messrs. W. B. Dodge and W. E. Sparrow. 
Buoyant eflbet ot'a column of heated air t~om a Bunsen burner. /}y 

Mr. C. K. Woad, 
Law of l,enseg By Mr. C. K. Wend, The t~cal length of two or 

more lenses separately and combined, were here measured. 
Photomdric Experiments` I b' Mr. C, K. Wend. The light cut off by 

I to 7 plates of glass was measured, also the absorption of ground glass. 
Another series of experiments gave the light of an Arg~uul burner with 
various consumptions of gas. 

To find the Refractive Formula (that of Cauchy)for any Substance. 
By Mr. F. W. Very. 

Micro-photography. By Mr. C. 8. Minor, 
8aceharimetry. By Mr. F, A. Emmerton, 

Of  the unpublished pape~ may be mentioned the fo l l owing : - -  

On Covering Steam Pipes. By several students, collated by Mr. B. H. 
Loeke. 

Magnetizatiou by Frictional Electricity. By Mr, C. K. Wead, 
Ehctricity generated by a Itoltz Machine in absolute measures. By Mr, 

8. J.  Mixter. 
On the Density of the Earth. By Mr. J. B. Henck~ Jr. 
Measurements of Plateau's SoaF-Bubble Fihns` By Mr, W, E, 3Tick. 

~ r s o n  o 

Velocity of Air Currents at various distances from an Air-jet, By sev- 
eral students. 

Resistance of ~Vater in Pipes. By several students, 
Measurement of curvatures and minute distances by Newton's Rings, 

By Dr. C. H. Williams. 
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Law of Vibration of a Tuning Fork. By Mr. S. H. Wihler. 
Effect of the Intensity of Sound upon its Velocity. By Mr. W.W.  

Jacques. 

It remains for me to speak of  my own work, which I do without 
hesitation; first, since the reputation of the Institute is largely 
that of those connected with it;  :rod, secondly, because the intel- 
lectual as well as tile physical results of my work should be ill tile 
possession of the Corporation of the Institute. 

As the entire work of building up the Physical Laboratory, 
making or having made the apparatus, and conducting the exer- 
cises ires been in my hands, unaided by any assistant, I Imve 
had less time titan I desired for original investigation. Besides 
this, I have given .dl the other courses described .lbove, except 
where the contrary is expressly stated, and, in addition, h'lve de- 
livered ibm' Lowell Courses of lectm'es. The first of these, on 
Sound, was in 1869-70 ; tile second, on Experimental Physics, in 
1871-2, gave a class composed nminly of teachers, an opportunity 
to learn the methods of out" Laboratory ; the third, on the Appli- 
cations of Electricity and Magnetism, was given at the Lowell 
Institute in 1873-4; and the tburth, on L:mtern Projections, 
in 1874-5, was especially designed to aid teachers in using this 
instrument. In 1872 the laboratory was kept open during nearly 
the entire sinniner, and instruction in its methods given to a class 
of half a dozen gentlemen, mostly Professors of Physics in" West- 
ern colleges. Although the nmnber of regular students in physics 
has been small, as was to be expected, there have been every 
year several special students, some of whom devoted almost all 
their time to physical investigation. To provide work for them, 
many of the researches I should otherwise have undertaken myself 
I have put in their hands, and this proved an additional drain on 
the limited number of subjects of investigation which will occur 
to a single individual My principal work has been the publica- 
tion of the two volumes entitled "Elements of Physical 3ianip- 
ulation," which embody the experiments performed in the era'rent 
work of the Laboratory. During the summer of 1869, I accom- 
panied the Nautical Almanac Expedition to Iowa to observe the 
total eclipse of the sun of August 7th. In 1870, through the 
liberality of the Govel~ainent of the Institute, I was enabled to 
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accompany the Co:lst Sm'vey Expedition to Spain, to observe the 
total eclipse of the sun of December o,'2d. Tile smnmer of 1873 
was largely devote~t to observations, with a new form of pol:trime- 
ter, on the light of the sky an~l that  reflected and refi'acted by 
plates of glass. DItring the summer of 1876 several thousand 
observ:ttions were taken of the heights of the Whi te  Mountains 
with a micrometer level, The results, which will I)rob:dJly supply 
the most complete survey vet m'tde of this region, :ire now in 
process of reduction. The tbllowiug list gives the retbl'ellces to 
the published accounts of these rese'lrches~ together with the more 
important of my other published pape l ' s : - -  

Dispersion of a R~ D" of Light ref,'acted at any number of Plaztc Sur- 
faces, lVoc. Amer..4c(r~l., vii, 478 (April, 1868). 

Essay on the Comparative Efficiency of different forms of the Spectro- 
scope. Amer..lours~. Sd., xlv, 301 (May, 1868). 

Description of a M~tehlne for Drawing the Curves of Lissajous. Journ. 
Fra,l~. l,.~t., Ivii, 55 (Jan., 1869). 

Plan of the Physical Laboratory. (April, 1869.) 
A New Form of Spectrum Telescope. E~gin. and ~Iin. Jourt~. (July, 

1869). 
Report on the Total Eclipse of August 7th, 1869. Jo~trn. Fra~lk. inst., 

iviii, 281 (Oct., 1869). Traits. into Fl'ench in Les 16[onJes, xxi, 573. 
Observations of the Corona during the Total 'Eclipse. Pl~it. ~lI(tg. , 

xxxviii, 281 (Oct., 1869). 
Note oil the Stq~posed Polarization o[" the Corona. Journ. Fra~k. Inst., 

ivlii, 372 (Dec., 1869). 
On the Dilrractiou pro'hwed by the Edges of the Moon. dourn. Frank. 

It~.qt,, lix, 265 (April, 1870). 
Polarization of the Corona. Nature, iii, 52 (Dec., 1870). 
Spectrum of the Aurora. Nature, iii, 105 (Dec., 1870). 
List of Observations of the Polarization of the Corona. dottrn. Frank. 

Inst., Ixi, 58 (Jan., 1871). 
The Graphical Me~l~od. 3ourn. Frank. Inst., lxi, 272 (April, 1871). 
Photographing the Corona. dourn. Franlr Inst., lxii, 54 (July, 1871). 
On Dispersion, and the Possibility of Attaining Perfect Achromatism. 

Proc. Amer. Assoc., xix, 62 (Aug., 1871). 
The Eclipse of 1870. Old and New, iii, 634 (May, 1871). 
Report of Observations of the Total Eclipse of the Sun of Dec. 22d, 

1870. U'. S. Coast Survey Report, 1870, 115, 229. 
Report on the Physical Laboratory. 1871. 
A Geometrical Solution of some Electrical Problems. dourn. Frank. 

Inst., lxvi, 13 (July, 1873). 
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Applieatlo~ls of Fresnel's Formula tbr the Reflection of Light. Prar 
Amer. Acad., ix, 1 (Oct., 1873). 

Measurements of the Polarization of Light reflected by the Sky and by 
one or nmre plates of glass. Amer..Tourt~. Sci., evil, 102 (Feb., 1874) ; 
Phil..Mug., xlvii, 127 (Feb., 1874). 

Applications of the Graphical Method. Prec. Amer. Aead., ix, 232 
(May, 1874), 

Graphical Integration. Prec. Amer. Aca~L, x, 79 (Oct. 1874). 
Mountain Surveying. Prec. Amer. Aead., xi, 256 (Jan., 1876). 
Height and Velocity of Clouds. Prec. Amer. Acad., xi, 263 (Jan., 1876). 
Comparison of Prismatic and Diffraction Spectra. Prec. Amer. Acad., 

xi, 273 (June, 1875). 
Elements of Physical Manipulation. In 2 Vols. Vol. I, 1873, pp. 225. 

Voi. H, 1876, pp. 316. 

Allow me now to compare file present condition of the Physical 
Dep.lrtment with that  of ten years ago. Then we had only a sin- 
gle room, with a second unfhrnished, very little apparatus, and tile 
entire instruction consisted of one course of lectures. How, ha- 
sides the lectm'e-room, we lmve two large laboratories, one sub- 
divided so as to give five small rooms, and, ill addition, rooms tor 
the spectroscope and for photography. Tim lecture course has 
been for some years ably administered by Prof. Cross, and a course 
of leetm'es on Descriptive Astronomy has been added to it. Tile 
apparatus is in good condition, and contains a large collection of 
slides for file lantern. A large Pbysie'd Laboratory has been built 
up, which now accommodates a hundred students a year. The 
course has been extended into the fourth yem; giving technical 
experiments to the architects and civil engineers, and to our own 
students in photography, lantern projections and practical astron- 
omy. Original investigation is encouraged, and numerous articles 
have been published by our students in the scientific periodicals of 
the day. The principles on which our work is conducted are few 
and simple. First, use is of the first importance, appearance, sec- 
ondary. All our apparatus is based on this "fact. Polish and 
lacquer are dispensed with, and the money saved is expended on 
the working parts. Secondly, originality on the p a n  of the student 
is encouraged to the uttermost,  and he is taught  that, as a scien- 
tific man, original research should be his highest aim. Thirdly, 
there are no secrets in science, and aceerd in~y  every aid has been 
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extended to other institutions desiring to adopt out' methods, by 
giving them the results of our experience. 

Of the present needs of tile Laboratory tile pt4ncipal one is an 
emlowment to covet" running expenses; in this way only ctm it be 
placed on a I)ermanent foundation. Tile al)|)aratus is of the sire. 
plest kind, and comprises but few instruments of precision in the 
modern seuse of the term. I t  htta never received tile large sum 
usually expended on original equipment. For  the older students, 
especially in the course in Adv:mced Physics, a working iibrqry of  
the standard works in physics, and a thw of the later  scientific 
periodic:Is, are much needed. This last need has been in part 
supplied by the liberality of a fi'iend of the Institute, but where 
the journals :tre to be divided among so many departments, each 
gets but little. Another generous ti'iend has twice given 'l i'u'ge 
sunl to tile Lqboratory, once tbr a spectroscope, tile most powerfifl 
ever made at the time of its completion, and, again, by a timely 
gilt, enabled a large sum to be expended on original investig.ition 
Sever.d of tile most important papers that have issued |i'om the 
Laboratory resuhed ti'om this gift. The Depar tment  is also 
greatly indebted for a most liberal gift tbr acoustic -Tparatus. 
Two large stuns have been given for this pm])ose, and have filr- 
nished the lecture course with an excellent collection of instru- 
ments to illustrate the laws of sound. 

I cannot close this report without an acknowledgement of the 
aid I have received from you, Mr. President, in bringing our Lab- 
oratory into its present state of efficiency. Your confidence in 
its success fi'om the vel T beginning, your encouragement and en- 
thusiasm regarding its extension, and the interest you have shown 
in every detail, have helped, more than we have realized, to such 
success as we have attained. 

My thanks are also due to Prof. Cross, whose work as student, 
assistant and professor, has been wholly devoted to the interests of 
our department. To his unwearied efforts the present high effi- 
ciency of the lecture course is very  largely due. 

Wi th  hopes that  the next decade may witness as great advances 
as that  which is just  completed, I renmin, 

Very  respectiully yours, 
EDWARD C. PICKERING, 

Thayer Professor of Physics. 



D E P A R T M E N T  OF P H I L O S O P H Y .  

To the President. : 

I have the honor to present the subjoined account of the 
work done in my department during file past year. 

I .  W O R K  W I T H  R E G U L A R  STUDENTS OF ALL D E P A R T M E N T S .  

During the first half-year, there were given, to tile Fourth 
Year's class, three lectures a week on the Philosophy of Science ; 
to tlle Third Year's class, two lessons a week on the Rudiments 
of Political Economy; and to the s Year's class, two lec- 
tures a week on the Structure and Analysis of the Sentence. 

Tile course of the Fourth Year's class, on the Philosophy of 
Science, included discussions of the nature and essential con- 
ditions of Science ; the distinction between Pm'e (or Rational) 
Science and Empirical Sciences; the Classification of existing 
sciences as belonging to the one or the other of these two 
heads; the comparative claims of the so-called Pure and Em- 
pirical sciences to the character of strict sciences; the ex- 
act logical character of file professed " Inductive Loglc" ; the 
proper scientific province of all Empirical Investigation; the 
Observative and Experimental Methods, and their Canons; the 
restriction of their use to the formation of a Natural History, 
properly so-called, and their futility as methods of establishing 
Universal Laws; the formal imperfection of the existing ex- 
positions of the Pure Sciences "as contrasted with the speculati~'e 

(40) 
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t ru th  of their  c o n t e n t s ; t h e  reduction of  the various Ma the -  

matical  Sciences to one logical system ; and the Logic of  the 

Infinitesimal Calculus,  with the history and  criticism of the sev- 

eral  theories of the  same. 
I take pleasure in report ing the excellent  charac ter  of the 

work done by the class upon these subjects. The  examinat ion-  

paper  used at  the last Semi -Annua l  is herewith  submitted,  as 

indicating bet ter  than any  general  account,  such as the above~ 

the na ture  of the instruction. 

FOURTH YEAR.--  PHILOSOPHY OF SCIENCE. 

SEMI-A~I~UAL EX&~[I~ATION, JANUARY 20, 1876. 

I. 

1. Prove, from the conception of Science as the Ideal of the Reason, 
that its form consists in tile possession by its component jlldgments, of the 
three characters of Certainty, Universality, and Unity. 

2. In order to establish man's actual possession of science, what is it 
necessary to show? And what, in order to prove that, in any field, he is on 
tile path to science, so t~ar as his experience can indicate tile path ? 

3. What is tile distinction between Rational and Empirical science? 
What three other pairs of titles may be given to these groups of human 
knowledge, and for what reason ? 

4. Since, by rite very conception of Empirical science; it lacks the two 

most slgnifican't characters of tile ideal of science, on what rational grounds 
can we call it science, at. all ? - -  what are its ciaims to scientific character 
on the ground of certainty, and what on that of universality and unity ? 

5. Distinguishing between Universality and Generality, state the Final 
Problem of all empirical science whatsoever. What are the limits of cer- 
tainty in such science? Why does not the proeegs known as Verification 
change the*logical character of empirical science, and' raise its method into 
"one of absolute certainty - - o f  real prediction ? 

6. How many possible R~ttiona| sciences are there, and by what titles 
are they known ? Do they actually exist in man's conscious possession? 
Is the actual form of their exposition consistent with tileir logical ideal? 
Why is the~number of possible empirical sciences indeterminate? Mention 
the principal ones thus far developed, in the order (from the highest down) 
of their degree of scientific developement. 

7. Show that Induction, whether in the strict sense or in the modified 
sense that Mill gives it, is necessarily illusory as a method of certainty. 

8 . . . . . . . . .  even the introduction of the Principle of Causality 
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while it substitutes the Deductive tbr the Inductive form of arguing to the 
future, fails to bring empirical judgments into the region of certainty. 

9. What is the strict province of Mill's so-called Meflmds of Empirical 
Science ? Into what two Canons are they all at last resolvable ? In what 
natural illusion do these two Canons logically originate ? 

10. Estimate the Four Methods in respect to comparative strength for 
determining the prob!em on which alone they strictly bear. 

II. 

[Regulars of Departments V, VI, VII, and IX, may omit this part.] 

1. State the General Problem of the science actually called Mathe- 
matics. 

2. Give the two grand divisions of this science, with the object of 
each, and the three subdivisions of the first, with their ol~ects. 

3. Distinguish ordinary Algebra from Arithmetic, and Higher Calculus 
from ordinary Algebra. What different systems" of Higher Calculus are 
actually in existence ? What is the distinguishing character of the system 
called Diff. and Integ. Calculus ? 

4. By the combination of what two conceptions is the logical justifica- 
tion of this calculus alone possible? What principle alone justifies the 
neglect of infinitesimals? Does it merelyjustif U this? 

5. What. doctrine regaMing the relations between limits is implied in 
every operation peculiar to the Diff. and Integ. Calculus? To what class 
of problems is the application of this calculus restricted ? 

T h e  course to the F i r s t  Year 's  class, on the Structure of the 
Sentence,  differed in no material  respect fi'om that which has 

now become habitual  in file first ha l f  of  that  year,  B y  a vote 

of the Facu l ty  after the Semi -Annua l ,  the instruction of  this 

class in the rudiments  of Formal  Logic was postponed from 

the second ha l f  of  the first yea r  to the second ha l f  of the third,  

and this a r rangement  adopted for subsequent  classes. I cor- 

dial ly approve the change.  The  course of s tudy in logic and 

cognate branches requi red  of candidates for any degree,  will 
hereaf ter  be as f o l l o w s : - -  

First Year, fil~t half, 30 lessons on the Analysis of Sentences. 
Third Yeas', 7 weeks of second half, 21 lessons on Elementary Formal 

Logic. 
Fourth Year, first half, 45 lectures on the Philosopliy of Science. 
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I I .  W O R K  W I T H  STUDENTS OF P H I L O S O P H Y ~  

In the department proper of Philosophy, we have had seven 
students this y e a r - - t h r e e  regular, and four special. Two of 
file latter were women ; and the presence of all four deserves 
particular mention, as the result of a recent vote of the Gov- 
ernment, opening single courses of lectures, in various depart- 
ments, to students of either sex who might wish to i'eceive in- 
struction without being subject to examination for admission, 
promotion, or a degree. It  is not unlikely that others, and in 
greater number, may hereafter avail themselves of the oppor- 
tunity thus afforded; especially, if some public notice should be 
given, of tile existence of such courses. 

The regular students have continued their historical and crit- 
ical work upon the modern philosophical systems, following, to 
such an extent as thoroughness would allow, the course laid 
down in the catalogue. The year has been occupied, mainly, 
with a minute study of Kant's Grltlque of Pure Reason, and 
of Hegel's Logic. They have read all the essential portions of 
these works, and I believe I do not go too far in saying that 
they have mastered the principles of them. The four specia! 
students joined them in their study of that part of Kant's Cri- 
tique known as the Deduction of the Categories ~ its most im.- 
portant and difficult division. The examination-papers used 
with the regulars during the year, are annexed. 

KANT : - -  CRITIQUE OF PURE REASOn. 

SE~[I-ANNUAL, JANUARY 19, 1876. 

I. 

1. In what sense does K'mt call his principal works Critiques of Rea- 
son ? What does he mean by " criticism" as distinguished from "dogma- 
tism" and "skepticism "? 

2. What historical connexion is there between Kant and Hume? 
between Kant and Leibnitz ? What is Kant's logical relation to these two 
men respectively? What, to Locke ? 

3. What innovation did the CJ'itique of Pure Reason introduce into 
the ~theory of knowing ? Show the revolutionary character that Kant 
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attributed to the innovation, by quoting the substance of his remarks about 
tile "Copernican point of view" in philosophy. 

4. What is Kant's prevailing usage, in the Critique, in regard to the 
term Reason? In what other sense does he sometimes use it? What does 
he mean by pure reason ? In the expressions "theoretical reason," and 
"practical reason," what still wider (or deeper) sense does he give to the 
term Reason ? 

5. In what three questions does Kant sum up tile whole problem of 
philosophy ? How, in effect, does he answer each of these ? 

6. What is the purpose of the First Preface to the Critique, and what 
are the successive points brought out in it ? Answer the same questions in 
regard to the Second Pr.eface. 

7. On what distinction between the Two Beginnin~ of knowledge 
does Kant rest his ease against Empiricism ? State the distinction, "with 
clearness and fullness. Holy would you state it in terms of the notions of 
Sequence and Cause ? 

8. Has fl~e foregoing distinction any connection with that between 
Matter and Form, which plays so large a part in Kant's thinking ? Justify 
your answer to this question at length. 

9. State Kant's distinction between the a posteriori and the a priori in 
knowing. What two other pairs of ter,ns does he use to mark it ? What 
noteworthy difference in his use of the noun experience and of the adjective 
empirical? What two meanings given to the adjective pure must be care- 
fully discriminated in reading Kant? 

10. Starting from the primary distinctions between Object and Subject, 
and Matter and Form, trace Kant's whole theory of the upbuilding of cog- 
nition; show all the elements that he thinks must enter into cognition, the 
part he supposes each of them to play, and the logical order in which he 
represents them as acting. Give his criteria for the a priori in knowledge, 
and vindicate, against Hamilton, his doctrine that each of these carries the 
other and is therefore adequate by itself. Distinguish between Analytical 
and Synthetical judgments, justify the distinction against the objections of 
Lewes, show its bearing upon the Problem of Pure Reason, and state that 
problem in its universal form, giving its three specializations. 

II. 

1. in how much, with reference to the distinction between Analytical 
and Synthetical judgments~ had Kant been a.ntieipated by others, especially 
by Locke ; and in what consists his contrlbution to philosophy in cbnnec- 
tion with this distinction ? Illustrate his new view, in connection, partic- 
ularly, with the Principle of Causality. What new doctrine, referring to 

0 

this distinction, does Kant establish respecting mathematical judgments'/ 
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What are the respective bearings of these two discoveries upon the estab- 
lishment of the "cr i t ica l"  standpoint? 

2. What  is your estimate of Kant's attempts, in w 2 and w 5 of his In- 
troduction, to establish our actual possession of some a priori cognitions 
and some syntheses a priori? What is the nature, and what the.value, of 
the proofs of these points furnished by the z'Esthetic and the Analytic ? 

3. Why does tile Critique contain an Elen~entology and a Methodology? 
Why, an ./Estl~etic and a Logic ? Compare Kant's view of tile t~'oibld in 
cognition with that of Locke, showing exactly wherein they agree and 
wherein they differ. Compare Kant's view of Experience with Locke's. 

4. Give Kant's " Graduated Scale of Representations," defining its 
terms as you go on. 

5. What does Kant mean by " immediacy" in cognition ? State, as 
comprehensively and as accurately as you can, what the iact of Iutuition 
is, so far as concerns the Object ('Filing in Itself). What, in general, is 
an " Empirical Intuition" ? What does Kant mean by "phvenomenon "?  

6. Distinguish, after Kant, between Sense, Tl~e Senses, ser~sation, and 
empirical i,  tuition. Is either of these, or is pure intuition, an intelligible 
whole ? How is it that we speak of them separately, and apparently 
define them ? To what mental process alone are they conceivable ? Make 
a critical estimate of Kant's theory about the "immediacy" of intuition. 

7. In what does the a priori faculty (or '~ Form ") of int~[itions at last 
consist? Sketch Kant's attempted proof of this, noticing its waverings 
from the point, and other defects. 

8. Why a "metaphysical" and a "transcendental" exposition of the 
Pure Forms of intuition? Give the exact distinction between them, taking 
pains to clear up Kant's peculiar use of the word " transcendental "; and 
explain the peculiar Method of Proof that signalizes tim Critique. 

9. What remarkable ambiguity is there in the Kantian doctrine con- 
cerning the Pure Forms of intuition ? [What sliould the doctrine be, for 
exact consistency with the " critical" principle; and what /s it, as Kant 
usually and deliberately states it?] 

10. Why is there, in the Logic, an At~alylic and a Dialectic ? What, in 
the Anal:qtic of Cot~ceptio~s, corresponds to the distinction between the 
Metaphysical at:d Transcendental expositions in the .,/Esthetic? Give the 
"Logical Table of Judgments" as determined by the Categories, and the 
"Transcendental Table" of the corresponding Pure Concepts (the Cate- 
gories themselves). 

Make any criticisms that suggest themselves to you upon Kant's so- 
called " Faculty of Conceptions," and show in what sense only al~ that 
and its Categories intelligible. In other words, show the truth and the 
error involved in Kant's view about the Pure in all cognition, whether 
intuition or conception. 
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K A N T : ~  CRITIQUE OF PURE REASON. 

ANNUAL, ~LAY 25, 1876. 

1. Make the following distinctions according to Kant:--- (1) Between 
General logic and Special logic. (2) Between Pure logic and Applied 
logic. (3) Between General logic and Transcendental logic. 

2. What are the two main divisions of his Transcendental Logic, and 
what is the object of each ? 

3. To what in the ./Esthetic does that part of the Logic correspond in 
what Kant makes out his so-called transcendental table of the Pure Cate- 
gories ? What would be the name of' this part, in the termil~ology adopted 
in the .gEsthetic ? With what purpose does Kant precede his " Transcend. 
ental"  table of the Forms of Judgment by his "Logica l"  table 9 

Show the inconsequence of this step on Kant's part, and its incon- 
sistency with the principle from which he sets out upon his investigation 
of the Categories. 

4. Show clearly the bearing of your last answer upon the claim of 
Kant's final table to tile title of ~' transcendental." 

Illustrate, by accurate examples, all the distinctions contained in the 
Logical Table of judgments. 

5. Point out, with proofs, Kant's misconceptions about tile subdivisiol~s 
of the Four ~lbundamental Categories, (1) as to their mutual dependence; 
(2) as to the distinction between Negation and Limitation ; (3) as to the 
professed "Pairs ~' in the sub-categories of Modality. 

6. What is the exact object of the so-called Deduction of the Catego- 
ries ? To what part of the ~Estlietic does this part of the Logic correspond, 
and what name might accordingly be given to it ? What difficulty presents 
itself, on undertaking the Deduction, that did not arise in the correspond- 
ing part of the ..Estl~etic ? 

7. Why is this difficulty inevitable, with Kant's general presuppositions ? 
What does its necessary existence prove, not only in regard to his prime 
presupposition, but in respect to his hypothesis of the difference in kind 
between the"  two main sources of knowledge "? 

8. Give Kant's attempted distinction between the Intuition-Object and 
the Experience-Object ; ~ between the two meanings of "Nature." 

9. What, in the most general terms, is Kant's offered solution of the 
.problem of the Deduction ? Is the minor premiss of his syllogism valid or 
not ? Give your reasons. 

10. In arguing for this minor, what is the special form of treatment that 
he adopts in his Prolegomena to any Future )lfetapl~ysic ? 

11. What is the treatment most prominent in the First Edition of the 
Critlque ? 
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12. And what the one most prominent in the Second Edition ? 
13. Explain Kant's doctrine of the " Synthetical Unit,)' of Appercep- 

tion," and its supposed bearlng'upon the problem of the Deduction. 
14. What equiyoque presents itself in Kant's dealing with this "Syn- 

thetical Unity."? :*.Which side of the dilemma ought he to assume, to make 
the said "Unit). " valid for the purposes of :Deductio~ ? Wh~" can he not 
consistently assume this side ? 

What is the bearing of the whole situation respecting the " Synthet- 
ical Unity" upon the real character of his "transcendental" in cognition ? 

10. Show the rise of " T h e  Three Ideas"--Absolute  Subject, or The 
Ego; Absolute Cause, or God; Absolute Total, or The Wor ld - -ou t  of 
the analytic of the Three Forms of Inference, viz., the Categorical, the 
Hypothetical, and the Disjunctive. 

16. Into what three corresponding parts is Kant's Dialectic divided~ 
and what is the line of its movement in each part ? 

HEGEL. 

ANNUAL, MAY 30, 1876. 

1. Distinguish and illustrate the Three Attitudes of Thought toward 
the Objective ~Vorld. 

2. Summarize Hegel's critiques, (1) of Dogmatism, (2) of Skepticism, 
both Empirical and Transcendental, (3) of Intuitionalism. 

3. State the Hegelian distinction between a Begin~,it~ 9 and a Priswiple. 
How many possible distinct Beginnings are there in Philosophy, and why? 
What is Hegel's First Pri~wiple? Under what conditions only can this be 
made a philosophic beginning? 

4. What are tile general divisions of Philosophy, according to Hegel, 
whence deduced, and what writings of Hegel's correspond to them re- 
spectively ? 

5. What is meant by Dialectic ? Point out the truth and the defect in 
Kant's view of dialectic. 

6. Illustrate the universality of dialectic, as shown in the processes of 
tile Objective World, (a) of Nature, and (b) of S p i r i t -  man's works, the 
institutions of Reason. 

7. Illustrate the same as shown in the Subjective World, (I)  in the 
growth of the individual mind, (2) in the History of Philosophy. 

8. State Hegel's doctrine uf the Notion as the unit of empirical 
thought, and trace thb dialectical rise of this doctrine out of Kant's 
"Analytic." 

9. State the doctrine of tlle Immediacy and tlle Mediation of the No- 
tion, and show the origin of this from the dialectic of Kant's ",~Esthetic 
and "Analytic." 
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10. In what element of Hegel's general philosophy does the truth of 
�9 Kant's "Transcendental Unity of Apperception" and "Ideas of the Pure 
Reason" come to light ? Define this elememt as thoroughly as you can. 

11. What are the exact subject and purpose of the Logic? What error 
in regard to them must be careihlly avoided ? 

12. What is the Method of the Logical Process, according to Hegel, and 
what are its "moments "? Into what parts does the Logic divide itself in 
aecordance with this method, taken at its origin in the "moments" of the 
IDEA ? 

13. What is B~L~e, in its total finitude or determinateness, in terms of 
Absolute Idealism ? What  is THouGHT--empirical thb~kin 9 - i n  terms 
of the same? And what, in like terms, is REALITY---the Concrete Uni- 
versal of Being ? 

14. Discriminate between this doctrine of rite ABSOLUTE IDEA and 
(l) ~'he Pantheism of Spinoza; (2) the Pananthropism of Fichte; (3) the 
l~ihilism of Schelling's earlier writings. 

15. Illustrate the dialectical process of the Logic by sketching the 
movement through the first triad - -  Being, Nought, Becoming. 

In  addition to the study of Kant's and Hegel's text, tile class 
have completed those portions of Schwegler's ttistory of ~hi- 
losopT~y which cover the period from Kant to Hegel inclusive, 
and also the parallel portions of Ueberweg. They have also 
read Mahaffy's rescript of the ~sthetic and the .Deduction, and 
considerable portions of Stirling's Secret of Hegel. One mem- 
ber of the class made, besides, an extended study of Fichte, 
reading the English translations of his ~.%ienve of Knowledge, 
Sun-clear Statement, .New Introduction, Gri~iclsm of Philosoph- 
ical Systems, and Vocation of Man, together with sundry com- 
mentaries and his biography. 

Theses have been presented by ~ the class, at various times dur- 
ing the year, on the Life and Writings of Kmlt, the Influence 
of Kant upon subserluent Philosophy, and the Derivation of 

:Fichte's System from Kant's. 
A t  the Annual Examination in May last, two of the c lass - -  

Messrs. David Warren Phipps, of Boston, and Robert C. 
Ware,  of Marblehead, completed their course and received the 
corresponding degree. The third member passed his examina- 
tions, but was prevented from completing his thesis by severe 
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illness. The subjects of the theses by the two graduates, were 
"Kant ' s  ./Esthetie: a Restatement of it, with Criticisms," 
and "The  Historical and Logical Relations between Fichte and 
Kant ."  In the former, some new points, of apparently per- 
manent significance, are made in the criticism of Kant. Ab- 
stracts of both theses will be found on the appropriate pages of 
the President's report. 

Respectfully submitted, 
GEO. H. HOWISON. 

Boston, ~ept. 11, 1876. 

O 



D E P A R T M E N T  O F  M O D E R N  L A N G U A G E S .  

R E P O R T  FOR 1875-6. 

President Runkle, 
DEAR S t a : - - P e r m i t  me to present herewith the report of 

the department of Modern Languages for the school year  

1875-6. 
F R E N C H  R E Q U I R E M E N T  F O R  A D M I S S I O N .  

The following table exhibits the results of the entrance ex- 

aminations in French for the four years that the same has been 
one of the requirements for admission to the school, the autumn 

examination of 1876 being included. 

1873 1874 1875 1876 
70 �9 . 4 1  �9 �9 7 1  �9 . 4 3  �9 �9 �9 ( N ~ 1 7 6  students ill First Year. 
53 49 53 . 57 ~ Average m,~rk at Entrance Examination- 

�9 No. admitted without French. 
1 5 . .  5 . .  3 . .  0 . .  �9 49 26 51 25 I No. admitted without conditions. 

81 66 61 65 Average mark. 
21 �9 �9 15 �9 �9 20 �9 �9 18 �9 �9 �9 ~~176176 

10 19 32 33 Average mark. 

From this it appears that  there has been a gradual improve- 

ment  in the manner in which the requirement has been ful- 

filled, as indicated in the following particulars : - -  
1. The average mark of the whole class has slightly in- 

creased. "2. The number admitted without any French has constantly 

diminished, until the present year, when there were none. 
(50) 
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3. Tlle average mark of those admitted under condition has 
constantly increased. 

I t  is to be mentioned fiaoreover, that there has been twice a 
small increase in the amount required. The requirement at 

' present is ; in grammar, " through regular and irregular verbs~" 
that is the more prominent and essential principles of the same ; 
and in reading, " the  first two books of Gharh,s XII," that is 
about sixty pages. As will be seen fi-om the last examination 
paper for admission published in the anuual catalogue, and also 
from the statements and suggestions regarding the preparation 
in French also contained there, it is only the promineut and es- 
sential facts of the language that are required of the candidate. 
But it is expected that he will know these facts well and have 
them at ready command. 

Each candidate is also examined in pronunciation, in so far 
as to pronounce a short passage, and his perfbrmance of the 
same is noted with rethrence to three or ibur t~acts of French 
pronunciation, and judged accordingly. Deficiency in fluency, 
general style of l~ronunciation, and miuor matters are not 
counted against him. But, as the marks show, the performance 
of candidates on so moderate a test, falls considerably below that 
on the written paper. A fair understanding of and familiarity 
with the prominent facts of pronunciation can be obtained with- 
out great difficulty, a~d the matter is one of considerable prac- 
tical importancr in the farther prosecutiou of the study. 

At present, the amount of French which students ha;-e on 
entering, can hardly be said to represent a year's work, and it 
would seem to be more advisable to insist upon greater thorough- 
ness in what is now required, than to add to the amount of the 
same. 

I t  may be interesting to notice, that of the 'fifty-eight candi- 
dates, as regular and special .students, for the FIRST YEAR at 
the last examination, forty-four stated that French was a regu- 
lar study in the school where they prepared, and, thirty-five 
that Latin also was, while thirty-eight reported that they had 
studied Latin. 
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W O R K  O F  T H E  P A S T  Y E A R .  

The number of exercises per week in the department were 
31 the first term, and 28 the second. The following view 

shows what was read and the amount :  

F R E I ~ C l I .  

Fb'st Year. "B6eher's Reader," 100 pages. "Les chemins de ter " - -  
Guiilemin, 100 pages. 

Second Year. Mdrimde--" Lettres d '  Espagne," 50 pages. Taine-- 
"zNotes sur l' Ang|cterre," 150 pages. This class had French exceptionally 
the first half of the year, in consequence of the omission of one of their 
eom'ses in another department. 

Fourth Year (first half.) " B6eher's Readers" 100 pages. About--" Roi 
" des Montaignes," 50 pages. 

G E R M A N .  

Second Year. " Whitney's Reader," 34 pages. Grimm's "M~irehen," 
67 pages. 

Third Year. " Whitney's Reader," 55 pages. "Wind und ~Vetter" 
- -  Lommel, 25 pages. "Eigensinn "~-Benedix, '22 pages. "Die Braune 
Erika" --Jensen, 55 pages. 

Fourth Year. (students in Sei. and Lat. and Philosophy.) Portions of 
Schiller's " Wallenstein," and two easy comedies. 

Exercises in composition, written and oral, and on the forms 
and principles of tim languages in question, have accompanied 
the above work in translation. 

During the second half of the year,  the stu.dents in Science 
and Literature, and Philosophy, pursued, as indicated in the 

catalogue, a course in the ~qcience o f  language, using as text 
book Whitney 's  " Language and the study of language."  
During this half also there was an optional class of three stu- 
dents, that commenced Italian. 

Certain students of the FIRST YEAR, who were admitted on 
condition in French, and who were much behind the other 
members of the class, were formed into a class by themselves, 
reciting ohener  than the rest. This Elementary  class nmn- 
bered seventeen, and was united with the regular FXRST YEAR 
at the Semi-Annual. 



53 

T E C H N I C A L  R E A D I N G .  

As indicated above, popular works of a scientific natm'e have 
been used to a considerable extent  for reading in both French 

and German. These seem to interest the students more than 

works of a purely literary nature, and convey practical infor- 

marion, bearing more or less directly on the special profession 

of the same. Strictly professional and technical reading would 

hardly be practicable in a class made up of students pursuing 

different professional courses, and where the main object is to 

obtain a knowledge of the language. Exercise in such techni- 

cal reading wonld be in place in each special department.  
Following are the examination papers at the Annual ,  of the 

FIRST YEAR in French  and THIRD YEAR in German, with the 

average mark of the whole class on the same. 
Respectfully submitted, 

C H A R L E S  P.  OTIS .  
October, 1876 .  

[EXAMINATION PAPER OF THE FIRST YEAR AT THE A~.N~UAL.] 

Number of students 62. Average mark 64. 

I. Translate.--II  s'agissait d'ouvrir entre Modane et Bardonhche une 
galerie souterraine qui, partant de la vallde de l'Arc, all,it ddbouchcr en 
Italie, sur le versant oppesd~ dens la vallfe de la Dora. 12,220 mhtres 
franchir, voilh pour la longueur du tunnel; une 6paisseur de 1800 mStres de 
roches, voil.~ pour la protbndeur. Vous rendez-vous compte, maintenant, 
des diflicult6s de tous genres que rencontre le percement? Avant que les 
deux t6tes du souterrain puissent 6tre relides par une galerie de 12,000 
lnhtres et qu'un courant d'air s'y 6tablisse, l'air p'ur manquera mille fois aux 
ouvriers, dens un milieu vici6 tout h la fois par leur respiration, par la com- 
bustion des lampes et par celle de la poudre. GUILLEMlS. 

1. Indicate the relation to the verb of all nouns and pronouns in "Vous 
rendez-vous compte des dil~icult(s que retwontre le percement2' 

2. Point out and explain any instance of the subjunctive you see in the 

translation above. 
3. Account for the ending of the participle in lmisse~t ~tre relides and 

render in French "the di~iculties which we have met up to this day." 
4. Explain the forms s'agissait, partanl, alldt, puissent, giving the princi- 

pal parts of each. 
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5. Conjugate in full the present subjunctive of ouvrb; aU,~t, and imper- 
fect subj. of rencontre and puissent. 

Trans la te . -  The engineers fear that the workingmen may suffer fi'om 
want of air. Unless a current of air is established, tile men will not be 
able to work. Is it true that they are to build an iron bridge over the 
Hudson. ? I think they will build one. 

II. Translate. ~ Puisque je vous ai dit un mot du choix de l'eau c'est le 
moment de parler de celui du coke. 

Une seule question, interrompis-je, ne brfilcz-vous done jamais de houille, 
ni de bois.-- 

De bois, eela ne m'est pas arrivd. J 'ai  oui dire toutefois qu' ~ l 'dtran- 
get, en Amdrique, en Allemagne, on chauffe les machines au bois. Quant 
h la houille, si d ie  est un peu grasse, elle g~ne le tirage, dans tous les eas, 
vile donne trop de thmde. On Ia rdserve pour la eenduite des trains de 
marehandise. Jadis on nous donnait des cokes de mddiuere qualit~, aujourd' 
hui les compagnies s'attachent h nous fournir les meilleurs combustibles: ce 
n'est pas nous qui nous en plaignons, demandez plutSt h men ehauttbur. 

GUILLEMIN. 
1. Why  the compound of present in " j e  vous ai (lit," the preterit in 

" interrompis-je," and the imperfect in "on. nous donnait," ev.'~. 
2. What  is the English equivalent of "on chaufe les locomotives ;" give 

this sentence another construction without changing the meaning. 
3. Give the principal parts of the verb plaignons. 
4. Explain the form of t[~e demonstrative pronouns celui (du coke), c' 

(est le moment), c ela (he m'est pas arrive). 

Tra~slate. ~ ~Ve used to heat our house with coal, now we hcat it with 
steam. Rails are being laid rapidly. He complained of ti~e poor quality of 
the coal that was given him. 

I lL (Pa~'sage not translated b~ c la s s ) . - -Un  certain jour d'putomne, 
Mattdo sortit de bonne heure avec sa femme pour ailvr visiter un de ses 
troupeaux dans une des clairi~res du mfiquis. Q) Le petit Fortunate, son 
ills, voulut l 'accompaguer, mais la clairi~re dtait trop loin. D'ailleurs, U 
fallalt bien que quelqu'un restfit pour g,~rder la maison; le p~re refusa done. 
On verra s'il n'eut pas lieu de s'en repentir. 

II dtait absent depuis plusieurs heures, et le petit Fortunate dtait tran- 
quillement dtendu au soleil, regardant les montagnes bleues, quand il fur 
soudain interrompu dans ses mdditations par l'explosion d'une arme ~t~u. 
II se leva et se tourna du eftfi de la plaine d'olt parfait ee bruit. D'autres 
coups de fusil se succdd~rent, tirds it intervalles indgaux et tou.]ours de plus 
en plus rapprochds; enfin, dans le sentier qui menait de la plalne h la 
maison de Mattdo parut un homme; il venait de recevoir un coup 
de fusil darts la cuisse. (~) ~ll~rtl~gv.. 

Q) glade; (~) thigh. 
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1. Explain the forms restftt~ fu t  i~terrvm_pu, se succdd~rent. 
2. What is the force of the preposition h in arme ~ .feu, of d~ in coup de 

f ,  sil and in venait de recevoir. 
3. Point out, in the translation one or two instances of an infinitive not 

preceded by any preposition and give the rule for it. 
4. Give the compound of present of aller, verra, se succdd~rent. 
5. Conjugate the present indicative of voulut and se repentir, the future 

of parut and the present subj. of venait and recevoir. 

Trans la t e . -  Setting out in the morning he went to the town to buy gun- 
powder. He has just left, but he will return after having done his work. 
On rising he saw a man coming. 

IV. Tra~slate 8 o f  the following sentences. - -  1. While running, one of 
the wheels of fire carriage was broken. 2. Although this book does not 
describe all the methods, it gives a good idea of them. 3. I am very glad 
that you take a trade. 4. We believe that God made the world. 5. It is 
said that he will be put to death. 6. We wish to know what these workmen 
are doing. 7. Here the track will have to pass over a river. 8. Wha t  
direction is to be chosen for that railroad? 9. Could you reach the depot 
in time? 10. ~o!  when I reached it the train had left. 11. The man 
whose vanity dies is dead. 12. I shall remember the Sundays that I spent 
with them. 

First Year. 3lay, 1876. 

[EXAMINATION PAPER OF THE THIRD YEAR AT THE ANNUAL.] 

Number of students. 43. Average mark, 61. 

I. lhlb 1o ~tt~.~ ~ci~enb hie ~et~c~un~ ua~ allen ~citca, unb ncbcn ~uw ~cbctCno 
~la~c~c~n~cn utlb ~aflen traf m~n bic aH~cmcin~clb bic untfa~(cnb~ea ~wl~crcitun~r 
,~u neath ~i'Lqen. ~8alb fra~3tc ma. ni~t reefer, roer mit~e~e, ~onl~crn roer ~urfi~blcil~t ? 
llub bic.~urfiffb[dh'nbcn murbc, at~ fci~e unb wr t~tr[aa~t ant> vcffVvttet, ~6b.renb 
~ftttcr i~re ~[~nc, ~cibcr il~re s~t~nner bt[catrten unb f[~3mh haw hie ~d~rocid~e i[~rtO 
~ei~lc~teO fie ~oon .~elbeatbate. ~ariit~[)altc. Raum [~ien cr btr fftei~mittci i~. bebiiff~n 
roel~e hie ~ir~c au~ ~'er %i~Hc il~ter ~ad~t ben ~ih3crn bt~i~iste: 9~bta~, ~8efreiun~ ~oon 
Bin#gar ~,~tr  i~r hie ~f~ter ~er ~b~e~enbe,, u. a.m. Otaaratr. 

II. "-~u~crbem bra~ tin [olcl)er ~.rtantld tin, baO man ~ogar ~erbefleifc~ a~ unb ~cr~e. 
bhxt tranL ~lbcr unsea~tct ~ickr ~d~rec~lid~en ~a~e l~iclt ~ricbrid~ ftrcn~e ~ann~i~u~t 
unb beftra~te, ~eibft uacb bern ~euoniffc fduer f~ci,bc, icben 8rc~c[ nab iebe Un~u~t an 
~e. L~erinst~'e~, ~eben ~.rttObraud~ her awoertrauten (~crodt an ben ~orae[~men. ~o 
ftrem3e ~ittel ~amen int'e~ nut 8e~en ~e.iqe i. ~n~enbum3; im angemei.cn geitlten ~ir 
~il~3er in ~otl~ unb ~e~,~r eine [aft unSlaubli~e ~ebulb unb ~lu~3bauer. ~instlnr 
rocl~e ~oer~meifelnb ~u ben ~f~ffen iiroersiagen unb bern ~l~rifientrTume entfasten, gatttn 
~iir fcinen marten ~erhfft. Raumtr 
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III. ~t. ~e~oinb ! ~e~roinb x 
~Rettt bein arme~ ~inb ! 
f~rt  v. immer ben ~ e ~  
~m ~9a~ l~inau~, 
lleber ben ~tes, 
~n ben ~atb l~inr 
~-in~, me ~bie ~btanfe feeler, 
~a0 e~3 nut ~[ei~ ! 
~# r0in fi~ I~eben, 
~ Aa~e~t noeh ! 
~ctie ! ~r ! 

3. ~Befinne ~i~ b0Q 1 
~uc cinch ~ r i t t ,  ~o l~i~ bu frei! 

~ .  ~r roir nut ben ~er8 corbel! 
~a  fi~t meine ~tutttr au~ einem ~tein, 
~0 ~a~t nxic~ far beim ~or ! @~the. 

IV. 1. Case and construction of ~ei~mittel ( I ) ;  ~l~riftenthtme (II) ;  ~e,3 (III) ;  
of mir, in .,~ot~e mir;" of ~im~en, in ,,um[on~, haw trodne~ ~in~xen bier hie i)ciL'~3e, 
Bei~en eir r of ~onbcn~Qcin, ben and ~itternac~t, in ,,C~ ~di~ b,, ~oller 
~0nben~ein, ~um ieetenmal, auf racine ~ein, ben i~ ~o mana)e ~itteraa~t an bielcm 
r ~eran,3e~ad~t 1" 

2. Construction of fteivnb and ~civ (I). Is ~einbe (!I)  Subjective or Ob- 
jective Gen., and why ? ~c~a3roinb and immcr ( l l I )  modify what? To what  
does e~ (nut) (III) refer? Decline ibre ~i~ne (I)  and ~cincn roal~re~x ~Jcr~uft 

(I~). 
3. Principal parts of ftei~enb, ~ca~te (I) ;  ~alten (I I ) ;  fi~t (III) .  Inflect  

Pres. Indic., Active and Passive, of aw (H). 
4. Analyze ~8eme~,,8, ~lavv[cin.~en, ~orbereitunVn, beroiUi~te (I) ; unau#blcib-- 

li~, ~ieber~0er~leltun~Sred~t, Unentia3to~'[en~eit, ~otl~oenbi~feit, ~a~'~'crfto~a~, ~ieber~- 
belel~ung 

5. What  is meant by Primitive words? In accordance with what three 
principles are derived words formed ? State four ways in which eompound 

adjec~"es are formed. 
6. Explain the subjunctives mitv1)e, Aurf~l~aite ( I ) ;  ~ e ,  ( III) ;  mS&te in 

,,e~ m~te rein ~unb ~o ldnVr leben ;" I~/ir~tx, in ,,er l~ebanbelte l~ie be~t~O0en ~r 

utxvb~rli~, ate to(itch fie ~einc Untert~anen." 
7. Give the English historically connected with ~beil, ~fRrbe ; the endings 

--I~eit, --ni~, --~eha~t, otl~um ; fanvn, ~ach, bieil~en, brinvn, trete,, roa~fen, berth, I~tben, 

~d~hvn. 
8. a. S~ate wh~t you known about the Hohenstaufen. Whieh crusade 

was tiffs, and when did it take place? b. From what two points of view 
can we look at the 'Faust  drama ? e. State what is said about the M o n -  

soons  and Etesian winds. 
9. Translate: 1.~ He told me day before yesterday that he always rose 

at half  past five, was in very good spirits, and worked the whole forenoon. 
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2. Many  houses in our ci ty have been destroyed by the storm, two of which 
belonged to my uncle. ~3. I f  the f imner had worked over his garden  ear ly 
ill the Spring,  he would have had much finer vegetables. 

V.  Hast i ly  she tore I herself  away from R,~ymond, and flew out of the 
door. The gigantic dog sprang after her  with a merry 2 bark. At  the same 
moment  all weariness re turned ~ into the eyes of  the Professor as i f  Toured 
out 4 in a stream. I t is  head  fell sleepily upon the hay, and in a tbw seconds 
first sleep had overpowered ~ him, 

Er iea  sat outside under  the firs, e and sang a soft 7 melancholy song, file 
commencement of which he heard, s But  i~arther and farther  did i t  sound, 9 
and strange dream pictures took captive 1~ his senses. In his stud)' every 
th ing  began to grow animate,  u and rustled I2 about the arm chair  on which 
he sat. 

~rciOr 2~)eitcr. ~urikt[ct~ren. ,ctu~fd)iittctt. "ft~crmctnnen. ~tic i~rer t .  7tei~'e. 
st~ernet~men, o~tin~cm ~o,3r ~ttebenbi~. r'tafcl)dn. 

VI.  (Passage not read  in class.) ~ie f~ra,3e, o~ ba~ ~a~fcrito~3a~ atI~em~ar fei 
vbcr t~i~t, l~atte uripr~tn~ti~ ~wei gan/~ cnt,3e~eu~dct~te ~h~twortcrt erl~altca. ~ricfflet~ uttb 
icine +~artci l>r bide ~tt~t fd irrc~irabet, roiit, reltb ~ c e t e  ttltb ichte ~tttl~//tt+3cr 
~erabe ha* @e~elttt+eiI verii~ertett. Z)r veratt[r ~ottt~tna, bert ~Ber~tt~ art ~i~ iglb(t 
Sit roa,3en. ~r vermi~te +2Bct~erfla~faO mit atmo~p~iri~er ~tt~t Sit ~Ir ~;l)r tt~tb 
~+titb fr eittr ~ l t r  ~ott llnbeqttem[i.+,ffdt ~r bern ~in~xt~men bicicr ~ttitmif,un~, im 
@e+3ettt+eit t~ottte r if+m i~r it[* rocttn et b+'tbttrtO due +3cl+iffr ~ci,ti+.qfeit im +an~elt 
$'~rr ~erfcftrte, bir item roor ~ic+ gelang attC~ ttO~, roenn Cr abt~er reined3 
~affcrftoff~ar ttttb atmor162 ~ttft cixutt~atctc. ~o~alb er at~er r162 ba~ 
~agferftoff~3ct# gatt~ tmcermii@t unb oCt,,~ ~Be~c[ eia,~ttatf~men, ~o ftfxr~te r ~r167 
~tt ~Sx~betx uttb r~ce llCoer tin ,~fer  be~ ~obc~ ~erodeu, rocnn ~dne ttm:~ci, an,3 ni~t ra~'~ 
~tt ,gfttie ~ebrun~ett ~,~rc txttt tie ~ctffcatftea ~ittet ~nr ~icbert, cielmn,3 an,jcr~anbt 
t)~/xte. ',8inxI~aum. 

Hydrogen gas. 

TMrd Year. May, 1876. 
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L O W E L L  F R E E  COURSES FOR 1875-76. ~. 

Department of Physics. 

To President RunMe. 
MY DEAR SI r t : - - In  response to your request, I would 

state the following facts regarding the lectures given by me ih 
the Lowell Free Courses tbr 1875-6. 

These lectures were designed to fhrnish a somewhat extended 
discussion of the topic of light in its various relations to color 
and to vision in general, the subject being considered both 
from a physical and physiological point of view. Much of the 
matter concerning the physiological side of tile phenomena 
under consideration was not, at that time, accessible to the gen- 
eral reader, no reliable English works upon the subject having 
been published, and only a very limited portion of it had been 
treated in any public course of lectures in the country. 

The attendance upon the lectures (eighteen in number) 
varied fi'om a minimmn number of fifty to a maximum of one 
hundred and ten, the average number being about sixty. 

The following is a list of the principal topics discussed in each 
lecture. 

I. Light considered objectively. Propagation of Light. 
Undulatory Theory, and recent suggestions regarding it. 

II. Reflection, Refraction, Dispersion. 
(58) 
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III. Polarization. 
IV. Anatomy and Physiology of Human Eye. 
V. Sensation of Light. Miiller's Principle of Specific Ac- 

tion of Senses. ~[odality of Sensations. 
VI. Constitution of Luminous Spectrum. Theories of Color 

of Newton, Brewster and Young. Experiments of Maxwell and 
Helmholtz. 

VII. Color Blindness. Field's Chromatic Equivalents. 
VIII, Physical Causes of Color. Colors of Luminous Bodies. 

Colors of )7on-Luminous Bodies. Production of Color by Absorp- 
tion and Internal Reflection. 

IX. Production of Color by Metallic Reflection and Disper- 
sion. Turbid Media. Goethe's Theory of Color. Fluorescence and 
Phosphorescence. 

X. Colors Produced by Interference of Light. Phenomena 
of Thin Plates and Diffraction. 

XI. Chromatic Phenomena of Polarized Light. 
XII. Compounding of Colors. ~,iodes of St(idying Comple- 

mentary Colors. 
XIIL Geometrical Systems of representing color-variations in 

Hue, Tint and Shade. 
XIV. Measurement of Intensity by Photometers. Effect of 

variations of Intensity on Saturation of Colors. Irradiation. 
XV. Persistence of Sensation. Laws of Duration of Impres- 

sion. Stroboscope and applications~, 
XVI. Modifications of Excitability, Positive and Negative 

After-Images. Rate of Excitation of difl~ren% color-sensations. 
XVII. Successive Contrast, its Phenomena and Laws. Simulta- 

neous Contrast. Contrast of Colors of same hue. 
XVIII.  Simultaneous Contrast concluded. Contrast of Colors of 

different hues. Chevreul's Law. General Law of Simultaneous 
Contrast and Explanation of Phenomena. 

An examination of the preceding summary of topics will 
show that Lectures I. q III . ,  inclusive, were devoted to a brief 
description of the principal facts of Physical Optics, which was 
a necessary introduction to the matter afterwards discussed. 

In this connection I wish to call your attention to an experi- 

! 
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ment which I was enubled to carry int:o effect through tile gen- 
erosity of a member of the Corporation of the Institute. In 
previous similar courses there had seemed to be a great need of 
some concise statement of the principles of the subject under 
consideration, to which the audience might be referred. I t  ap- 
peared that a very brief series of printed notes, comprising 
one or at most two printed pages for each lecture, and contain- 
ing a brief summary of the results finally attained, without at- 
tempting any description of apparatus or experiments, would 
greatly enhance the value of the lectures to those in attend- 
ance. The result of the trial more than justified the expecta- 
tion, and from the general desire on the part of the audience 
to keep a complete set of the notes, together with the expres- 
sions of many-persons as to their service, I am very certain that 
the value of such notes can hardly be over-estimated. It  would 
be a very considerable addition to our work for tim public if 
this method could be generally adopted in our Lowell Courses. 

All of which is respectfully submitted, 
CHAS. R. CROSS. 

Kant's Grit ique of Pure Reason. .Eighteen lectures fo~" beginners. 

President J. D. Runkle : - -  

The attendance on the first four of these lectures, given 
Mondays and Wednesdays at 7~- P. M., commencing Nov. 18, 
which were of an introductory and general character, was 
about fifty, nearly half of whom were women. The remainder 
of the course, devoted to instruction upon the details of Kant's 
text, was of necessity less interesting to many, and the attend- 
ance was at once reduced to some twenty-five, who continued 
however, to the end. Four of the attendants afterwards joined 
the class in the Department of Philosophy, as special students 
of the course on Kant there. 

GEO. H. HOWISON.  
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t)hysiology and the Laws of Health. Eighteen lectures. 

At tile Lowell Lectures on Physiology and the Laws of 
Health, at the Institute, ill the winter of 1875-76, there was an 
average attendance of rift v, principally female teachers. Tile 
lectm'es were illustrated by the skeleton, separate bones, models, 
life-size engravings, diagrams, and tables on the blackboard. 

As tlle main object o~ these lectures was to teach the few and 
simple rules of health, so easy to violate, so difficult to retm'n 
to without great inconvenience and suffering, only so much 
technical anatomical detail was introduced as was necessary for 
understanding the laws of physiology and hygiene. Under the 
bones were dwelt upon the deformities of civilization, distortions 
of the spine, chest, hips, and limbs, frequently produced by 
parents and nm'ses in the child, confirmed by improper atti- 
tudes in school, and uncorrected by teachers, from ignorance or 
carelessness. Under muscles, the natm'al correctors of the 
above deformities, the evils of sedentary habits and the dangers 
of excessive fnuscular exertion, the latter of which is, in the 
present mania for athletic sports, productive of great physical 
injury, were considered at length. 

The phenomena of nutrition, beginning with digestion, from 
the taking in of food to its conversion i~,,to blood, were then ex- 
amined;-- including the composition and uses of the various 
kinds of food, their nutritive qualities, digestibility, and adapt- 
ibility to age, season, climate, and occupat ion,-  the chemical, 
mechanical, and vital processes carried on by the vessels, glands, 
muscles, and secretions of tlle different parts of the alimentary 
canal--absorption of nutritive materials and their conveyance 
to the hear t - - the i r  purification in the liver and lungs- - the  
circulation, puhnonary, systemic, and portal--respiration and 
animal h e a t - - a n d  the final purifications etfected through tim 
lymphatic and other glands, the kidneys, and the skin. 

Tile dungers attendant upon abuse of these various organs, 
their most common diseases, and nature of the means of cure, 
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were then explained from the standpoint of elementary physi- 
ology, not of medical science. 

The course ended by ",t description of the brain, nerves, and 
special senses, showing how this complicated body is regulated, 
and may be preserved fi'om danger, if attention be paid t~,, their 
timely warnings. S A M U E L  K N E E L A N D .  

, ~ .  

General Chemistry. Twenty-four laboratory exercises. 
Qualitative Analysis. Twenty-four laboratory exe~'cises. 

The usual laboratory facilities have been afforded this win- 
ter to persons of both sexes who desired to study either Gen- 
eral Chemistry or Qualitative Analysis, the text books and 
methods of instruction being the same as employed in previous 
years, and as described in the last Annual Report. 

W.  R. N I C H O L S .  

Heat and its A2~plieations. JEighteen lectures. 

President Runkle, 
DEAR S I R : - -  Ill tim Lowell com'se of eighteen lectures on 

Heat  and its Applications, the principal topics considered were 
as follows : - -  

I. Older and newer theories respecting the nature of heat. 
How heat makes itself known. Correlation of tbrces. Distinct|on 
between accepted theories and positive knowledge. 

II. Sources of heat. Resisted motion. Rumford's, Joules 
and Hirsch's experiments on fi'iction and the mechanical equivalent 
of heat. 

I IL Conduction of heat by solids, liquids and gases. Non- 
conductors and their uses. Clothing. Spheroidal state of liquids. 
Convection. What are suitable carriers of heat. 

IV, Radiation. Good and bad radiators. Resistance to radia- 
tion. Transcalenee. Melloni's experiments on transmission. Tya- 
dall's experiments on the intercepting power of gases and vapors. 
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V. Absorption, destruction, or conversion of heat. Expan- 
sion of bodies. Differential expansion. Thermometers of various 
kinds. 

VI. Pyrometers. Thermomultiplier. Specific heat. Ex- 
pansion by mechanical means as compared with expansion by heat. 
Determination of mechanical equivalent by the expansion of air. 

VII. Absolute zero. Thermometric scales. Latent heat. 
Calorimeters. Freezing mixtures. 

VIII .  Boiling points. Superheated liquids. Nature of vapors 
and gases. 

IX. Solution of gases in water. Distillation. Fractional 
distillation and fractional condensation. Analytic condensation. 

X. Tension of vapors. Superheated steam. Occlusion of 
gases by metals, charcoal, and coal. Combination of bodies by 
volume. 

XL Production of heat by chemical action. Fermentation. 
Respiration. Combustion in air. Combustion in Qxygen. 

XII. Fuels. Sulphur and sulphides. C.ombustibles produced 
by plant life in different geological epochs. 

XIII.  Progressive changes of vegetables to form peat, brown 
coal, bituminous coal, anthracite. The manufacture of charcoal. 

XIV. Artificial fuels. Gaseous fuels. Siemen's regenerative 
furnace. 

XV. Fireplace~.. Altars. Forges. Kilns. Reverberatory 
furnaces, 

XVI. Heating dwellings. Hot water circulation. Steam heat 
ing, direct and indirect, ttot air furnaces. Opei~ grates. Stoves. 

XVII. Heat as a motive power, or the conversion of heat into 
motion. I-Iot air engine. Wind power. Steam power. Water 
power. Gunpowder engine. Carbonic acid engine. 

XVI[I .  Cosmic heat. Utilizing the sun's heat. Conversion of 
heat into light. Origin of all force. 

Experimental illustrations were introduced as far as possible, 
but in giving two evening lectures a week in addition to my 
ordinary daily duties, I could not make as much preparation as 
was desirable in the way of demonstrative experiments. When- 
ever lectures require such aids for elucidation I believe it would 
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be better both for the audience and the lecturer to let the course 
extend over a greater length of time and have but one exercise 

each week. 
Respectfully yours, 

JOH:N M. ORDW AY.  

.Elementary German. Eighteen lessons. 

_President Runkle, 
DEAR SIR: The Lowell course of eighteen lessons in 

"Elementary German " assigned to me was commenced Mon- 
day, :Nov. 22, and continued Monday and Wednesday evenings 
until finished Jan. 19. The average attendance was forty-five, 
the number at the beginning being a little larger, that at the 
end a little smaller than this~ the number present varying but 
little fi'om evening to evening. About a third, I should think, 
of those attending were men~ mostly young men. 

The object of the course was to present in a concise and 
clear manner the more essential facts of the German language, 
with writing and oral exercises for the sake of practice. I t  was 
found necessary to arrange the course and treat the subject 
quite differently from what would have been practicable with a 
class of students, at the Institute for instance, of about equal 
age and attainments and with time at their disposal ibr prepara- 
tion and outside work. For, the (!lass of persons who presented 
themselves for the knowledge in question differed widely fi'om 
such students in all of these respects. Some were advanced in 
life, some were young, some had studied German before and 
were desirousof reviewing the subject, others were beginners, 
some had time for study outside of the lecture hour others had 
not, some had had previous training in language others none. 
It  was desirable therefore to pursue a course requiring as little 
.previous knowledge and training as possible, and little or no 
outside work, while at the same time the instruction was to be 
of a systematic and thorougl~ character. The especial features 

l 
�9 : S 
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of tile method pursued for accomplishing this object were the 
use of the blae'~cboard as text-book, with regular exercises in (/er- 
man composition and reading. 

Before the hour for the lecture, such essential grammatical 
forms and rules as were embraced by the subject to be studied 
during the evening were written on the blackboard, in a con- 
cise form and one best adapted to catch the eye and impress 
itself upon the memory. These the class were requested to 
write down in note books, as also such things in the exposi- 
tion given of the subject as might seem necessary. After the 
exposition of the subject for the evening, followed the writing 
of sentences involving particularly the principles and facts just 
presented. Such sentences were written by all in blank-books 
provided for the purpose. At the end of the hour the majority 
handed ill their books, which were examined and returned at 
the beginning of the next lecture with the errors indicated. 

The only trouble in such a mode of working is the difficulty 
persons, who have not had practice, find in tal~ing notes that are 
reliable in point of accuracy and completeness. This might, 
however, be obviated by having the class provide themselves 
with a short manual containing the essential facts of German 
grammar, to which they could refer for the forms and so much 
as might be necessary of what was presented in the exposition. 
In spite, however, of this drawback the class worked with reason- 
ably satisfactory results, as shown by the exerclse books and the 
continued interest in the subject. 

Following is given an outline of the lectures, showing the 
topics treated at each one. It will be seen that, with the 
exception of the verb, each topic was taken up and finished by 
itself. Eight of the eighteen lectures were devoted to the verb, 
as being of much more importance in German than the other 
parts of speech. In the case of the verb alone the treatment 
was interrupted, the more essential part being presented first, 
and the subject afterwards resumed, partly for the sake of in- 
troducing earlier other topics demanding attention, and partly 

5 
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in order to give variety to the work . .  The order in which the 
subjects were presented was different, it will be seen, fi'om that 
usually adopted in grammars, but one which seemed most 
natural and most favorable for unfolding the facts of the lan- 
guage, as also for showing in the. prope~" light the more imjgor- 
rant as distinguished from the less important. 

I. •ronuneiatlon. 
II. Articles. Possessive Pronouns. 

III.  Verb: simple tenses of a verb of the zVew conjugation. 
(Demonstrative and Relative Pronouns.) 

IV. Verb: simple tenses of a verb of the Old conjugation. 

( Use of the tenses.) 
V. Verb : compound tenses of the new and old conjugations. 

( Use of the tenses.) 
VI. Verb: separable verbs. (sein for haben as tense auxiliary). 

VII. 
VIII. 

IX. 
X. 

XI. 
XII. 

XIII. 
XIV. 
XV. 

XVI. 
XVII. 

XVIII. 

Order of  the' German sentence. (Inseparable verbs.) 
Personal Pronouns. 
Adjective: I and II  declensions. 
Adjective: "mixed" declension. 
Adjective : comparison. 
Adjective : numerals. 
.tVoun : I declension. 
Noun : l I  declension. 
Verb: passive voice. 
Verb: passive voice. 
Verb: reflexives. 
Verb: impersonals. 

In order to present to the class at the outset, and keep con- 
stanfly before them the actual language, a small selection of 
very short selections in poetry and prose, the easiest things to 
be found, were printed and distributed. These served at each 
meeting as exercises for pronunciation and translation. 

Respectfully submitted, 
C H A R L E S  P. OTIS. 
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T/re Elements of Perspective. JEighteen lectures. 

This com'se consisted of nine lectures and n~ne lessons, the 
lessons being taken up with explanations and the examination 
and correction of drawings made by members of the class, which 
consisted of about forty persons, men and women. A printed 
syllabus containing the propositions to be explained was fur- 
nished at each exercise. 

The instruction differed from that generally given and from 
that contained in the text books ill several particulars~ nmch 
greater prominence being given to the phenomena of parallel 
planes than is usual, and use being made of the laws established 
to determine tlm perspective of shadows, a subject that has 
hitherto received but little attention. 

In the course of this discussion it was shown that the para- 
mount importance commonly assigned to the horizontal plane 
and to the horizon line is unnecessary, and that the practice of re- 
ferring everything to that pla,m is productive of needless in- 
convenience. I t  was shown that every plane has, so to speak, 
its owu horizon, in which all the lines that lie in the plane have 
their vanishing points. 

The well-known method of points of distance, also, which is 
generally treated as an auxiliary method of but limited service- 
ability, was shown to be of universal application, and to suffice 
for the solution of all problems. The developement of this 
method was shown to lead to the construction of a perspective 
plan, taking the place "of the orthographic plan by the aid of 
which l)e.rspective drawings al'e commonly made. 

The first part of the course was given to the study of the 
phenomena with the representation of which the art of drawing 
in perspective is concerned, and to what may be called a qualita- 
tlve discussion of the subject, as distinguished fi'om the 9uanti- 
tatlve discussion which followed, in wllich the representation in 
perspective of exact dimensions was explained. This first part 
of the course was addressed especially to artists and amateurs, 
to assist them in sketching. 
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This discussion involved the subject of the so-called errors of 
perspective and of the discrepancies that are always found to ex- 
ist between drawings made from nature and those made by tile 
rules of plane perspective. It  was shown that drawings made 
from nature are in fact made in accordance with the rules not 
of plane but of cylindrical perspective, m w h a t  is sometimes 
called curvilinear or panoramic perspective, - -  and the principles 
and methods of this system were explained and shown to con- 
cide in their result with drawings made directly from objects. 
The relative advantage of the two systems was discussed, the 
cases pointed out in which each was to be preferred, and the 
devices and accommodations explained by which the disadvan- 
tages of each may be palliated in practice. 

The course closed with brief review of other systems, 
especially of the system of co~irdinates and of the kVyst&ne Adhe- 
mar, to which was added an investigation into the perspective 
of reflections. 

Throughout the course it was maintained that a problem in 
perspective cannot be considered to be entirely solved unless 
the solution gives tlle vanishing point of every line that is drawn, 
and the vanishing trace, or horizon, of every plane, a solution 
which the commonly received methods fail to supply. 

W I L L I A M  R. WARE.  
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ABSTRACTS OF THESES PRESENTED BY GRAD- 

UATES OF 1875-76. 

DEPARTMENT OF CIVIL ENGINEERING. 

-Providence Water Work~. Abstract by the author, T. AsTin- 
wall, Jr., May, 1876. 

The water supply of the city of Providence is taken from 
the Pawtuxet river. The main pumping station is situated 
close to the river, on low land, and is called, from the Indian 
name of tlle place, Pettaconset. 

The machinery for pumping consists at present of two pump- 
ing engines, a Cornish and a Worthington Duplex. The latter 
is only intended for temporary use here. It has a capacity of 
5,000,000 gallons, pumped 180 feet high in twenty-four hours. 
Tile Cornish engine, however, is permanent and has a capacity 
of 9,000,000 gallons. The engine house is designed to contain 
four Corvtish engines of like-dimensions. The Cornish engine 
pumps into a standpipe 182 feet high, connecting with Sockanos- 
set reservoir. The latter has a capacity of 51,156,544 gallons. 
Its construction, together with that of its gate chambers was 
described. 

The main to the city was then described, particularly at the 
crossing of Pochasset brook by a triangular truss, and at the 
Pawtucket river, which the main crosses on iron screw piles. 

The reasons for tile construction of Hope reservoir were then 
(69) 
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stated, the construction of the gate chambers described, and 

their action explained. 
Hope pumping station was next taken up. The engines here 

are two in number, each being of file capacity of 5,000,000 
gallons in twenty-four hours. One is of a pattern designed and 
built by Geo. H. Corliss, Esq., and the other of a form designed 
by A. F. :Nagle, M. E., of the Providence Water Works and 
built by the Providence Steam Engine Company. 

The paper concluded with a short account of the pipes used 
in the mains, giving the formula by which the thickness was 
calculated and a table containing the results of those calcula- 

tions for every diameter. 

Merrimac River Bridge at _Nashua, _N. 1t. Abstract by the au- 
thor, T. W. Baldwin. 

I have commenced this thesis with a full description of the 
abutments, piers and superstructure of file bridge. :Next I have 
calculated analytically and graphically the stresses arising from 
a uniibrm live load of 2500 lbs. per foot. Then follows a cal- 
culation of the web stresses when the bridge is partially loaded. 
Having found all the maximum stresses I have calculated the 
necessary dimensions of the girders and compared them with 
the actual dimensions. :Next I have made calculations to see 
whether the i~actor of safety necessary to be used, in order that 
the working strength of the posts and braces shall be sufficient 
to withstand the stresses brought to bear upon them~ is of proper 
size. I have finished by inserting a "Bill  of Timber and Iron" 
together with the weight of each piece, in order to compare the 
actual weight with the weight assumed in the calculations. 

I have made two drawings, one of t he  plan, side and end 
elevations of one span of the bridge, and one giving on a larger 
scale some details of the brid(~,e and masonry. 

West Chester -park Bridge over B. ~" t). R. R. in Boston, Mass. 
Abstract by the author, ,7. B. F. Breed. 

This is a wrought-iron through highway bridge with three 

roadways and two sidewalks. 
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It  consists of six girders, four of which are lattice girders 
and two are plate girders. 

I have first given a detailed description of the bridge and 
then proceeded to calculate "the maximum stresses in the diag- 
onals and chords of lattice girders and in the flanges and webs 
of plate girders. This is followed by the determination of the 
net area of cross-section and the number of rivets required in 
the different pieces. 

The stresses on the floor-beams and stringers are next con- 
sidered and the requisite size and form of these fixed. Finally 
I have computed the total weight of the bridge and thus de- 
termined the true dead load. 

The thesis is accompanied by plates of drawings represent- 
ing elevations, sections, plan and details of the bridge. 

The Buffalo Water Supply. Abstract by the author, H. T. 
Buttolph. 

The city, first supplied by a private company in 1852, bought 
file works in 1868. There was much need of improvement, 
in order to fill the wants of tile rapidly growing city, and it 
was thought they could be more fully carried out under the city 
government. 

The improvements to be made, were to furni'sh tile city with 
a plentiful supply of pure water; to supply a district higher 
than the level of the existing reservoir; and to lay the pipes 
low enough to avoid the effects of fi'ost, the fi'eezing of the 
pipes as then laid being a great inconvenience to the people 
during the winter season. 

The ill.st improvement was made by excavating a tunnel 
under Erie Canal, Black Rock Hat'bor and under :Niagara River 
to a point 10"90 feet fi'om the pumping station on shore ; where 
was erected an inlet pier with the requisite gates to control the 
supply. 

The pier is 80 feet high, 114,662 feet long, 18 feet wide at 
the base, and the platform is 15.5 feet wide, battering planes 
intersecting it, which narro~r it at the ends. This platform 
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from end to end is 37 feet in length. The shaft in the pier is 
6feet in diameter and extends down to the tunnel, nearly 60 
feet. The tunnel is at an average depth of 17 feet below the 
bed of the river, and has a section 8 feet square. The tunnel 
was five years in building; many obstacles being met, tlle prin- 
cipal of which were the great leaks of sulphur water. These 
leaks were encountered at two separate times; the first about 
500 feet from Black Rock Harbor, where thb water came up 
through the bedrock, which is a very soft limestone, at the rate 

of 3500 gallons per minute. 
By putting in a wrougbt iron shield, 6 feet in diameter and 

24 feet long, the flow of water was nearly stopped; and the 
work was carried about 89 feet farther where tile second and 
more disastrous leak was met with. Here the water came in 
at the rate of 4500 gallons per minute, and the leak delayed 
the progress of the work nearly fifteen months. During this 
time file contract of the work passed into other hands. 

Ten Blake pumps were put into the bottom of the shaft on 
shore. Five were put into operation with a capacity greater 
than the flow of water and by this means the water was kept 
out of the tunnel~ so that the work was carried on. Above the 
strata through which tile water flowed there were harder ones, 
and after overcoming the second leak the tunnel was raised 
three, feet, top and bottom, in order to carry it through the 

harder rock. 
The formal announcement of tile completion of the work was 

made November 6th, 1875; the work was begun on the 12th of 

May 1870. 
In 1870 the  Holley System was introduced to supply the 

higher district. And in the spring of 1874 over three miles of 
pipe was taken up and relaid, the bottom of the new trenches 
for the pipe being six feet below the grade of the streets. 

The pumping is at present done by a Compound engine, 
Shepard engine, and. Worthington duplex engine; each of the 
capacity of 10,000,000 gallons in twenty-four hours. The last 
named engine does the principal part of the pumping, the Coin- 
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pound doing the least and in the place of which there is being 
built a Worthington duplex engine of 15,000,000 gallons 
capacity. The Holley pump takes its supply fi'om file main, 
through which the engines at the pumping station force the 
water to the reservoir. 

During the winter of 1872-3 the city was twice left wifllout 
a supply of water, once for nearly forty-eight hours. A pro- 
tracted east wind forced the water out of file harbor and 
left the waters in the pumping wells below the reach of the 
pumps. When the wind changed the water rose again. This 
trouble can not come up, under the present condition of the 
works. 

The Bridge over Front St., in the l~aduct at Worcester, 3lass. 
Abstract by the author, Fred'k K. Copeland. 

After a short description of the bridge and the conditions 
under which it was built, the degd load was approximately 
calculated. 

The stresses in the web members were calculated for both 
l ive'anddead load and the results combined. Having obtained 
the stresses in the trusses, the area of the cross-section required 
was compared with that actually provided, ~hich showed at 
once any deficiency in strength of any part. The rivets and 
plus were calculated both for shear and bearing; the number 
of rivets used, in all cases, was largely in excess of the number 
required. 

The posts were calculated by "Gordon's  formula " ;  their 
area being given, their ultimate strength, and from this the fac- 
tor of safety used was calculated, the smallest value of the lat- 
ter being over four. The floor beams are plate girders hung 
from the trusses by suspending straps. These beams were very 
heavy as the bridge carries three tracks, and it was not possible 
to have more than two trusses. 

The amount of iron used was found to be sufficient in all but 
a few parts and in these the deficit was not large. Tile weight 
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of iron was calculated and proved the dead load to be less than 
the dead load first assumed. 

The Broadway Draw Bridge, Boston, Mass. Abstract by the 
author, John R. Ereeman. 

The first part of this thesis is mainly descriptive, the general 
form of the pier and superstructure and the form and dimen- 
sions of the more important members being explained with refer- 
ence to the accompanying drawings, and the manner of build- 
ing the foundation for the centre pier and of depositing the 
concrete in the depth of water there existing being briefly de- 
scribed. Some of the more important requirements of the 
specifications as to character, of work and quality of materials 
and the results of tests made to determine the strength of the 
wrought iron used, are also given. 

The maximum load assumed in the specifications is then 
discussed and next the conditions of loading producing maximum 
stress in a continuous girder of two spans are investigated. 
Then starting with the "Theorem of the Three Moments" as 
given by Weyranch, a formula for the end reaction for this 
case is derived. 

The method used for the determination of the stresses in the 
different members is that known as "Ritter 's Method of Sec- 
tions". The maximum intensity of stres~ in each member is 
then found, and compared with the limit fixed by the specifica- 
tions. 

The remainder of the thesis is taken up by a calculation of 
the stresses in floor beams, etc. 

Accompanying the thesis are three sheets of drawings, show- 
ing the whole structure in plan and elevation and the more 
important parts in detail. 

The Albany Street Bridge in Boston. Abstract by the author, 
~. IV. ttodgdon. 

The thesis begins by giving a general description of the bridge 
which is to replace the old iron lattice bridge on Albany Street. 
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I t  is to have four trusses 10 feet high and of spans varying from 
102 feet to 83.7 feet. They are double Warren girders and the 
floor: beams rest directly on the lower chords. The trusses are 
held ill position by angle bar stays. The roadway is 82.5 feet 
wide, and each sidewalk is 8 r 9" wide, making a total width of 
50 feet. It  is calculated for a load on the roadway of 80 lbs. 
per square foot live load, and 90 lbs. per square foot dead load, 
on the sidewalk 100 lbs. per square foot live load, 50 lbs. per 
square foot dead load. 

Then it takes up the calculations, explains the method, and 
finds the stresses in all the parts. 

Using 9000 lbs. per square inch for compression and 8000 
lbs. per square inch for tension, it finds the sectional area 
required for each piece, and "compares it with the actual area 
used, and gives the sizes and shapes of all the iron used in 
making up each cross section. Everything is reduced to tabu- 
lar form where possible. 

Finally it takes up the subject of riveting, explains the prin- 
ciples and shows its application in the case of this bridge. 

The drawings which accompany it show, I. Elevations of 
each of the four trusses; II. A cross section of the bridge, a 
skeleton plan and the principal details. 

lron Bridge over the ~Ierrlmae River, at Tyngsboro, Mass. 
Abstract by the author, A. Z. Mills. 

In this thesis, I have first given a short description of the 
bridge and its foundations. I have then given a statement of 
the loads for wMch this bridge was calculated, which I obtained 
from tim Engineer, Mr. C. H. Parker. 

I then calculated the greatest stresses that could occur'on 
the members fi'om different positions of' the live load, giving an 
explanation of the method used in the calculations. I have 
found the actual stress in pounds per square inch of section and 
compared it with the breaking stress per square inch,, showing 
the factor of safety flint is in actual operation in the different 
parts of the bridge. In all cases of compression members I 



- , -  - . . . . .  = .  �9 . . . . .  . . . . . . . . . .  . . . . . . .  : . . . . . . . .  . : . . . . . . . . . . . . . . . . . . . .  i H , . = ~  ; . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . .  . . . . . . .  ~ 

76 

have used Mr. Gordon's formula for the breaking stress in 
pounds per square inch. For the tension members I have 
taken the tenacity of wrought iron rods between 60,000 and 
70,000 lbs. per square inch, as given by Rankine. ]~'or wrought 
iron plates I have used, on the same authority, between 50,000 
and 60,000 lbs. per square inch as the breaking stress. 

I have treated the floor beam, which is a ~' Pra t t "  truss of 
six panels, in the same way that I have treated the main trqss. 

I have found the stress per square inch on the wooden 
stringer which lies between the floor beams, and have found it 
amply strong enough to sustain the load it was intended to bear. 
Lastly I have calculated the weight of the iron work and plank- 
ing in the bridge, showing that the dead load was estimated but 
a trifle too large. 

Design for a double track Wrought Iron _Post Truss. Four 
qirders. Abstract by the author, Henry .t~aeder. 

In the introduction of my work I have given a general de- 
scription of the form of a Post Truss, fol!ewed by the condi- 
tions under which I designed this special case of that kind of 
truss. 

I then explained the method of calculation I employed, which 
fundamentally c6nsists in dividing one of the four trusses into 
two primary trusses and afterwards combining the results of 
the calculations for the two girders. 

The chord stresses I found by Ritter's method of sections, 
and the maximum web stresses from the corresponding shi~ar- 
ing forces, when the girder is most disadvantageously loaded 
for the section in question. I checked the chord stresses by 
finding them a second time fi'om the horizontal components of 
the web-stresses under a uniformlive and dead load. 

Itaving found the maximum stresses, I designed the pieces 
which are to sustain them, using for limit of stress in a tie 
50,000 lbs. per square inch and employing Gordon's formula 

i -  

lp --- 40,000 q- - - -  7 [ 1 - 1 - ~ 0 )  r2) to find the limit of stress in 
40,000 
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the struts. I employed five for the factor of safety. In the 
remainder of my work I discussed the details of the structure, 
and finally calculated the entire weight of one girder, and com- 
paring this calculated weight with the dead load assumed in the 
calculations, I found it was smaller. 

West Boston Draw. ASstract l~y the author, G. Z. Rich. 

This pivot bridge consists of two equal Pratt  girders of wood 
and iron, span of 68.5 feet each ; width, including sidewalks, 50 
feet, and twelve panels in each span. It  is continuous over the 
three level supports, with a uniform cross-section. Two plate 
iron girders at the centre carry file weiglft of the bridge to the 
pivot. A live load in addition would bring the ends of these 
girders to bear upon the wheels of tile turn-table, so that the 
centre support always acts through the iron girders at the 
middle. The ends of the bridge when open are supported by 
hog chains, passing over Samson posts erected over the centre. 
These rods, by a pin joint in the upper chord, continue to the 
lower chord, at the same. points as .the end support. 

The dead load is taken as 45 lbs. per square fbot; the live 
load, 80 lbs. The hog chains and the girders of the turntable 
are calculated for the open condition. The working strength 
of wrought iron in tension is 10,000 lbs. per square inch; in 
compression, 8,000 lbs. ; in shearing action, 8,000 lbs. ; in bear- 
ing oil rivets, 10,000 lbs. per square inch. The flanges are 
assumed to resist the bending; the web, the shearing forces. 
The girders are of uniform strength. In discussing the trusses, 
the ihctor of safety of each part has been determined, which 
shows the relative strength of the p a r t s .  This factor may be 
smaller here, than in case the maximum load is often obtained. 

As a check on the chord stresses, a diagram of the moments 
was drawn, by representing the positive moments by parabolas 
whose middle ordinates are ~ W/, where W is the total uniform 
load on either span, l, the lengtl~ of span ; and the negative 
moments by triangles, whose altitudes in a total uniform load, 



78 

are ~ W1 ; when the live load covers only one span, the altitude 

is ( W  + Wl) l  16 , where W and W 1 are the loads uniformly dis- 

tribut~d over each span. Tile ordinates between parabola and 
triangle in terms of the moments, divided by height of truss, 
give chord stresses. 

In calculating the stresses, tlle dead and live loads are taken 
separately. The first thing is to find tile reactions, then shear- 
ing forces, chord stresses, or the diagonal stresses. 

In tile bending action, tlle loads are considered uniform. 
Moments tending to produce compression in tile upper chord, 
are called positive; those tending to produce tension, negative. 
The supportil~g forces or reactions at the left, right and centre 
are called R,, RB and Rr respectively. Ro and therefore the 
negative moment at centre are maximmn under a full load. 
R , - -  R = - -  ~-W. R - -  -~- W. A half panel load must be 
deducted from these reactions for shearing forces in the end 
panels. R~ and therefore the positive moment in the left span, 
are maximum, and the negative moment extends Farthest from 
tile centre, when the left span only contains the live load. 
Then R, ~ ~�89 W, R~--- ~ W, R ~16~ 1 o W, W being the 
uniform live load in the left span, while the reactions resulting 
t~om the dead load are those in the preceding case. 

Shearing forces, which act upward at the left of any section 
are called positive'; downward, negative. The shearing action 
of the dead load still remains the same. The live load is treated 
as concentrated at the 11 apices of the lower chord, and the 
reaction caused by each is separately calculated by three ibrmulas. 

P P 
R, --- - ~ [ 4 -  k(5 - -  h~)], RB --- - - 4  " k(1 - -  k2), 

P 
Ri - - - ~ "  k ( 8 -  ld). 

where P is an apex load, and k, the ratio between the distance 
fi'om left support to the load, in the left span, and the whole 
span. 

By supposing the apex loads attached as we wish, and taking 

L 
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the sum of the reactions of each, as calculated in the 11 cases, 
we can get any desired condition. The maximum positive 
shearing force in any bay of tlle left span occurs, when the live 
load extends fi'om the centre support bay; the maximum 
negative sl:earing force, when tile right span is fully loaded and 
tile live load extends from tile left support to that bay. 

There are trussed floor beams 12 feet apart carrying two 
longitudinal beams, which support two intermediate floor beams, 
extending under the sidewalks. The greatest stress in the 
sidewalk beams occurs under a heavy wagon load; as 20 tons. 
The trussed beams carry the greatest load, when under the 
uniform full load. 

A prominent advantage of this bridge is its complete rotation�9 

The .Eastern Avenue Swing Bridge in Boston. Abstract by the 
author, ,Henry _~I. Waitt. 

This thesis opens with a short statement of the dimensions 
of the truss, and the extent of loading. ~Yext in turn comes 
the calculation of stresses. The bridge was considered as con- 
tinuous over " F o u r  Level Supports". The dead load was 
considered to produce the same effect dn the truss when shut, 
as when open. The live load in eveRy ease, as acting continu- 
ously over the four supports. The four reactions, for each in- 
dividual panel load, were calculated by the formula given in 
"Dubois'  Graphical Statics ", pp. 184-5, Art. 122. Having 
thus obtained the reactions of every panel weight, the stresses 
were calculated for various loading, both with, and without 
snow, and the maximum stresses obtained for all eases. The 
method of Sections was used exclusively in this work. The 
method furnishes a ready means of ascertaining the position of 
counters, and the character of stresses. 

Comparison was made with the anwunt of material in the 
structure, and, as a general thing, was found to agree well with 
the calculations. There was, however, one marked exception 
to the above, and this occurred in the middle bay, where the 
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upper chord was considerable in excess, and the diagonal ties 
one half the requisite size. The floor-beams were tested for 
the maximum moments and shears, and found to contain, suffi- 
cient material. 

The maximum intensity of sheafing stress on the web was 
calculated, and compared with tile safe working intensity, given 
by Gordon's formula. The floor-beam hangers, and tlle in- 
tensity of stress on the wooden stringers, were also calculated. 
Lastly the weight of the bridge was computed, the result prov- 
ing somewhat smaller than the assumed dead load. Two 
sheets of tinted drawings accompany this thesis, the one show- 
ing plan and elevation, the other showing end view and details 
of construction. 

On the Haverhill Highway Bridge. Abstract by the author, 
2f. B. Wood. 

The bridge consists of five spans in all; one pivot draw of 
about one hundred and twenty-five feet span; three spans of 
about one hundred and seventeen feet each ; and two spans of 
about one hundred and two feet each. Each span consists of 
two principal trusses built after the " P r a t t "  model. 

The roadway is twenty-flve feet wide in the clear~ and is 
supported by "built  up"  cross girders, each of which projects 
by file vertical posts, so as to form supports for the two side- 
walks, which are six feet wide in the clear. 

�9 These cross girders are bolted to the vertical posts, and rest 
upon plate-iron brackets rivetted to the same. The upper chord 
is built of wrought iron plates and angle-irons, forming a rectan- 
gular cross section, open and latticed at the bottom, so as to be 
easily painted. The lower chord consists of fiat bar iron of 
uniform depth, and increasing in thickness toward the centre of 
the span. The posts are I-beams rivetted to the upper chord 
and resting in bearing blocks on the lower chord. The diag- 
onals consist of square and round bar iron with screw ends, 
and fastened with wrought iron forged nuts, which rest upon 
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cast iron bearings or angle blocks on the top chords, which abutt 
against the thrust plates. The "effective" section for use in 
calculating stresses is taken at the foot of the th,'eads. The 
cross girders camber six inches in the centre, to form a water 
shed for the roadway, and are four feet deep at tile centre. 
Tile cross bracing consists of tile cross girders as compressive 
me,nbers, and diagonal tie rods. 

Stringers of southern pine (3rPx 12 It) are placed upon the 
cross girders about sixteen inches from centre to centre, and 
upon these rests a planking of yellow pine two inches thick, 
and running transversely. Upon this is laid a course of white 
oak plank, also two inches thick, and bu~ted on the centre line 
of the driveway, and thence running 45 ~ each way right and 
left, with this centre line. 

The sidewalks have but one course of planking, and are four 
inches higher than the driveway. The draw is built upon the 
pivot plan, in which nearly the whole weight is thrown upon 
the centre pintle, which is adjustable. It has a spider wheel 
and radial rods, with coned cast-iron wheels upon their ends, 
runninr between two coned surfitces on the pier and bottom of 
turn-table. It is opened by means of a turning bar which fits 
upon the vertical shaft at the centre. 

The bridge is designed to carry a moving load of twenty-six 
lmndred pounds per fbot of span, without straining it more 
than one-sixth of its ultimate strength.' 

Counters are put in where it is necessary to resist the action 
of partial loads. 

A complete calculation of the stresses in each piece of the 
first span is given, also the areas of cross sections required, and 
the actual areas given. 

Direct measurements of the structure itself were made, to 
�9 obtain the latter data. 

!! il 
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DEPARTME~NT OF MECHANICAL ENGINEERING. 

A ~lechanical Zaboratory. Abstract by the author, 
A. 1). Blodgett. 

In this thesis I have endeavored to call attention to the 
following points, viz. : 1. The necessity for a more extensive 
Mechanical Laboratory in the city of Boston. 2. Why it is a 
necessity. 3. What class of people would be benefitted by 
such an institution. 4. What Institutions in this country and 
abroad ah'eady have in this direction. 5. What theyhope to 
have in the future. 6. What the Massachusetts Institute of 
Technology already has toward a Mechanical Laboratory. 7. 
What I think would be a good direction for the' development of 
our Laboratory. 8. Why ? 

The above points it will be observed are taken up in more or 
less detail as it has been thought necessary, and I would say 
that I have copied freely fi'om works on engineering both in 
our own land and abroad, always making a note of the same and 
giving the authority for the information in the margin opposite. 
I have illustrated the thesis with wood-cuts and photographs 
kindly furnished by the manufacturers of such machinery as 
will be found mentioned in the text. 

Reference has been made to the ~iews whenever it was 
thought necessary. In the basement room at the Institute 
represented on Plate II, I have thought it advisable to arrange 
machinery as there represented. This machinery will be found 
to consist of Lathes, Planers, Milling Machine, Saws, Drills, 
Emery wheel, Grinding apparatus, Testing machine, etc. 

The power necessary to drive the machinery would be sup- 
plied by a belt from the Harris-Corliss Engine described and 
represented in the thesis. 

The width of the belt is also calculated. It passed fi'om 
the fly wheel of the engine to a large pulley on the main 
shaft which enters the room above and near the door parallel 
to Bo),lston St. 

The power would be carried to each nmchine as represented 
on Plate II by a belt from the main shaft to a counter shaft for 
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that machine. The speed of each machine would be adjusted 
to the speed of the main shaft by the relative size of the pulleys. 
There is also for each lathe a set of cone pulleys which allows 
certain variations fi'om the main speed. 

In reference to the drawings it may be well to state flint the 
scale for Plate I is 1.~- inch --- 1 foot for all parts of the calori- 
meter except the figures A and B, these are not drawn to scale. 
The scale for plate I I  is ~ inch---  1 foot. 

Steam Boilers. Abstract by the author, C. L.  1)enuett. 

The writer's idea in the selection of the subject was, that by 
giving it the study required in order to present it in thesis form, 
he would gain a knowledge of the subject that would be practi- 
cal and usefill, and which should be first possessed by the steam 
engineer, since the sulJject of steam generation naturally pre- 
cedes that of' steam using. 

Various works have been examined in order that the best in- 
tbrmation on each point might be obtained. Personal obser~'a- 
tion has also been a material aid. 

Among the works consulted may be mentioned, Burgh on 
"S team Boilers," Isherwood's Experiments, Wilson on "Steam 
Boilers," Trowbridge's " Heat and Heat Engines," Bournes' 
'" Oatechism of the Steam Engiim," Rankine's "Steam Engine," 
C. Wye Williams on " Combustion. and the Prevention of' 
Smoke," W. R. Johnson on the "Practical values of' American 
and Foreign Coals~" "Journa l  of the Franklin Institute," 
"Master  Mechanics' Reports" and others, besides numerous 
pamphlets on boilers and boiler tests. 

The different parts of so extensive a subject are, in the thesis, 
necessarily presented very briefly. The general heads are as 
follows. I. The requirements with which boilers should 
comply. 2. General form. 8. The natures and strengths of 
the different materials entering into boiler constructions. 4. 
The strength and construction of the component parts, as the 
sheU, flues, rivets, stays, tubes, etc. 5. The boiler fittings, az 
grates, fitrnace doors, pressure "gauges, safety valves, blow-oiff 

,?'~!i 

~i~ ~ "i 

li ii 

i : ~ i  ~ 

! 



m 
84 

pipes, gauge cocks, manholes, mudholes, etc. 6. The testing 
is considered. 7. Tile boiler setting and generM proportions, 
including chimneys. 8. Boiler management, and injuries to 
which they are especially liable. 9. Tile circulation. 10. 
The subject of incrustation is taken up more fully than any of 
tile previous subjects. Tile most common injm'ious ingredients 
of water ,-e mentioned and different methods of preventing 
their action upon the plates explained. 11. Tlie subject of 
combustion is also quite fully taken up. The process of' com- 
bustion is analyzed; the causes and the waste of imperfect 
combustion, and the importance of air admission above the fuel 
are explained. These divisions are more or less fully illus- 
trated by drawings, tracings, and wood cuts. 12. Land Boilers 
- - A - - t h e  factory horizontal tubular, the vertical tubular, the 
fire-engine boiler, the locomotive boiler, and one of' the boilers 
of the Hope Pumping Station at Providence, R . I .  These 
boilers are illustrated by practical examples and the best au- 
thorities are cited as to their leading dimensions. B ~ s e c -  
tional boilers are illustrated by cuts of the Root, Allen, Phleger, 
Lowe, Blanchard, Harrison, Wiegand and Exeter. 13. Ma- 
rine boilers. Tile results of Isherwood's comparison of the 
Martin vertical water tube and the English horizontal fire tube 
boiler are illustrated by outline drawings of these two classes. 
A complete tracing of a boiler of the U. S. Steamship Van- 
dalia is given and the principal data of its design. Two boilers, 
one of the U. S. Steamer "Jacob Bell," and one of the U. S. 
Steam Battery " Monitor" are illustrated by tracings, as being 
boilers of high efficiency, aad the results of Isherwood's experi- 
ments on each are given. 

s" 

Certain _Points in t~e .Development and ]Jractiee of M:odern 
American Zocomotive Engi~teerb~g. Abstract by the author, 
l~raneis E,. (YrallouTe. 

Ill the study of' the [~c'9motive Engine the subjec~ divides 
into what are o~.lled the theoretical and practical aspects. I 
may therefore in ilts treatment first view the practical division 
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and state what has been accomplished before applying the 
theoretic principles by which to crificise what the latter has 
done. In the treatment of the former, an investigation of the 
efficiency of the locomotive ai it exists, has been made. The 
locomotive is throughout an exhibition of Dynamics, a moving 
structure. It begins with receiving power as the motion of 
heat, fi'om the combustion of the coal, and ends with imparting 
force and producing visible motion of masses of matter. In 
the fi~el fi'om which this is derived, the energy is stored. The 
primary moving force in the locomotive, heat, is first considered 
and the manner and anmunt of its generation in the combus- 
tion of' coal. The efficiency of the working fluid to which this 
energy is transferred, succeeds. The efficiency of the "~pparatus 
by which this is effected is next ascertained, and that of the 
mechanism by which the portion of energy utilized in the for- 
mer is converted into its final form of motion against resistance 
at the circumference of' the wheels. ']_'he subject is therefore 
considered under the following heads: 

In a historical sketch are traced the successive improvements 
in the development of tim Locomotive and the Railway, and 
the practice with regard to the former fi'om Darwin's "Fiery 
Chariot" and Cugnot's first actual running locomotive machine, 
in 1769, to the present time. The performance of these early 
engines is given and the most important improvements and 
principles developed in them are stated. 

Part 1. The _Production of ]feat and the Laws of Combustion. 
The various sources of heat, mechanical, physical m)d chemi- 
cal are mentioned, and that of Chemical Attraction, the action 
of wldch between elementary substances in the fuel and the 
oxygen of the air produces combustion, considered. The nat- 
ural and artificial solid combustibles are stated, and three typical 
substances employed in locomotives, viz. : - -Anthraci te  Coal, 
(Lackawanna), Semi-Bitumlnous Coal, (Cumber]and), and 
Wood, (Dry Pine), considered. Tables showing their compo- 
sition are given and calculations made of one, Cumberland coal, 
a s  follows:--its total heat of combustion, equivalent carbon in 
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one pound, evaporative power fi'om 212 ~ and 62 ~ Fall., equiva- 
lent foot-pounds of work, weight of air necessary to be supplied 
for complete combustion and for dilution, and tile temperature 
of the fire. In this part it was found ,just what the fuel that is 
burned in the fire-boxes of locomotive boilers is, by theory, 
capable of doing. 

Part 2. Wa~er aT~d the Properties of Steam. Of the two 
distinct operations common to all heat engines, heat m'lking 
.rod heat expanding, in the former of these the facts having 
been" ascertained, the latter is here considered. Water is 
treated chemically, physically and dynamically. The physical 
properties of steam are enumerated and the subject discussed 
with reference to tln'ee circmnstances which determine its con- 
dition, its density, pressure and temperature. One pound of 
saturated steam at atmosphe~'ie pressure, at 120 pounds and 
140 pounds above the atmosphere, is treated in its generation 
under constant pressure, and also under volume, its motive 
power, expansion, condensation and e~iiciency. 

lOart 3. An Amevieau ~asseager Zoeomotive. The ultimate 
object of the locomotive-engine is to draw a train of a certain 
number of cars, upon a specified maxhnum up-grade, at a cer- 
tain velocity. In this part a bituminous coal burning passen- 
ger engine, built at the Hinkley Locomotive Works in October, 
1875, for the Eastern Raih'oad, was selected, illustrated by five 
detail drawings and a complete specification given. Its parts 
were classified and its details and action discussed under the 
following heads : - -  

A. The Boiler. 1. The shell, description, construction, ma- 
teriaI, strength, factor of safety. 2. The Heating Apparatus, 
the fitrnace and the tubes. The efficiency of the heating sur- 
face and furnace is found and other calculations made .concern- 
ing its evaporative power. 3. The Feed Apparatus for the 
supply of water to the boiler consists of the pump and injector. 
These are described, illustrated by tracings, and the principle. 
of the latter explained. 4. The Safety Apparatus which forms 
a large part of the locomotive boiler fittings, is mentioned in 



detml, and the S~eain Gauge and Safety Valves illustrated, de- i!i!i 
scribed and their mode of construction and principles u p o u  l i q  

which they operate given. 5. In the Transmission Apparatus ! i  
by which" the power" is" distlibuted" '" to the engine, the steam and ~I [i~ 
exhaust pipes are treated and the velocity of steam through i!i ~. 
them determined, i: i' 

�9 . ~?.~, 
B, Tlte Engine. In the engnie the ])arts and topics are men- ~i!il 

tioned as 1. The Cylinder and its proportion; 2. The Valve " [~!~: 
Gear; o. The Actmn of Steam m the Cylinder and the Bl.xst : ~ ~ 
4. Ihe  rransnnsnion of Power to the Wheels by means of the ):ii; ) 
Oranks and Connecting Rods; 5. The Running Gear; and 6. 
The balancing of the engine. 

In this part the object was to apply theoretic principles to 
this l)articular engine and determine what its l)erformanee 
should be. In tile succeeding pat:t it is ascertained how nearly 
it does apl)roach to this theoretic excellence and its actual 
efficiency determined. 

Part ~. Trial of an Ameriea~ ~assenyer Locomotive. On 
March 14-18, 1876, trips were nlade upon the engines of' two 
of the fastest passenger trains of' the E. R .R .  On the first 
and last of these days I rode fi'om Boston to Roekport, a dis- 
tance of thirty-six miles, and return, upon engine No. 86 
( "  The John Howe"). Upon the three intervening d~0,s trips 
were t'lken to Portsmouth, N. H., a distance of fifty-six miles 
fi'om Boston, upon the 8 .80  A. M. Bangor train, and dal].~ 
taken upon them concerning the actual running of the engine. 

The engine was No. 55, being the same as that whose parts 
are discussed in Part 3. Six tables give in full the data taken 
upon the latter and results obtained, The observations made 
were the times of passing all the stations, the steam pressures, 
the point of cut-off, the coal consumed, the depth of water in 
the tank, the speed at differe.nt portions of the road upon levels, 
up-grades, curves and against head winds, and miscellaneous 
notes of the time of stopping, the action of" the air-brake, the 
oiling of the engine, the weather, condition of the rails, direc- 
tion of the wind and number of ears. In all, records of four 
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hundred and ninety-five miles run were obtained, and of the 
engine under consideration three hundred and thirty-six miles. 
In brief, it was tile aim to note every occurrence that took place 
with regard to tile eilgine. Tile carrying of a train from Bos- 
ton to Portsmouth means so many gallons of water and pounds 
of coal consumed. Tile tables state what these amounts are. 
From them other results are calculated, such as the equivalent 
horse'power exerted and the train resistance. The record of 
tilt direction and velocity of the wind during these three days 
was obtained fi'om the w e a t h e r  Signal Office in Boston, so 
that the extent of tlle resistance from this cause could be 
approximately ascertained at any part of the road. The method 
of' correcting the times for the rate of the watch is explained, 
the action of the safety valves and method of determining the 
coal record and of tile speed. Tile capacity of tile tank is cal- 
culated both from the measurements upon the detail drawings 
mad fi'om actual measurements with a steel tape, of all the 
accessible parts. A drawing of tile tank and its internal stay- 
ing is given. 

Succeeding is a discussion of tile peculiar facts shown by 
these records, and a table is given of the performance of eight 
engines of the E. R. R., including No. 55, for the month of 
January, 1876, by which any deviation from the records of or- 
dinary locomotives is plainly seen. Tilt power exerted by this 
locomotive on a part of the road is next calculated; its weight 
and tractive power ascertained. The extent of the train re- 
sistance is partially discussed. Finally, the efficiency of the 
mechanism is approximately found. 

To sum up, the efficiency of the locomotive is the product of 
the three f,~ctors found and is stated as follows: 

1. Efficiency of Furnace and Boiler, . . . . . .  557 
2. Efficiency of Steam, . . . . . . . . . . .  071 
8. Efficiency of Engine or Mechanism, . . . . . .  80 
Efficiency of the Locomotive Engine, .557•215 

.826 or three and two-tenths per cent. 
The pi'ojects of improvement in tile boiler, the mechanism, 
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and in .the use of steam are mentioned, and statements made as 
to the efthct of gauge upon economy in locomotive use. :Nar- 
row gauge roads, Imving the United States Standard gauge of 
three fbet, are rapidly being opened in our State, and to them 
we look for cheap passenger transportation, rapid speed and 
economical working. 

PaTer 3lills and 3Iachinery. Abstract by the author, S. Itol- 
lb~gsworth. 

After a brief history of tlm first paper mills in Europe and 
America, tile subject is divided into, and taken up under two 
principal heads: First the Machinery, and second Mills. 

First. Tile various machines are t~'eated under the heads of 
the difibrent processes they aid. The processes themselves 
however are treated only so far as concerns the engineer who 
designs the mill. 

The manufhcture of paper from the most commonly used 
material generally requires the ~bllowing. 

1. To form the pul l) from the raw material. Thrashing, 
sorting, dusting, boiling, washing, draining and beating are 
generally necessary, and under all these heads, the machines 
and apparatus are described aud shown in sketches, etc. The 
speed and power required by the most important of them is 
given. The general arrangement of foundations and rooms 
that contain them is spoken os And in the case of the boiling 
process, results are given of an experiment by the author to 
find the amount of steam used that the engineer may know 
what boilers must be used. 

2. To form the pulp into paper. The old process of making 
the paper by hand or from the vat is still practiced in Europe, 
and is therefore described and a sketch given .of some of the 
apparatus used. 

Paper is now formed fi'om tim pulp by tim so called "paper 
machine" in some form. Of these there are two kinds in 
common use, the Fourdrinier and the cylinder machines. The 
history of the development of the Fom'drinier machine is quite 
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interesting, and is therefore briefly given. The two machines 
are described and illustrated, their comparative merits are 
spoken of; and the questions of amount of steam used in drying 

the  paper by an experiment by the author ;. the foundation of 
machine ; the room ; ventilation ; felt-washers; roll-grinders, 
etc., are brought up. 

Second. Under the head of Mills the question of location 
brings up the questions of communication with the markets ; 
the use of steam or water for power; the quality and quantity 
of water used in the m/mufimture; building materials, etc. 
The whole power required by a mill of a given capacity is 
given, and also something about the general arrangement of 
tlm mill, repair shop, etc. 

Pumping .Engines. Abstract by the author, Alfred C. K ilha~n. 

Dividing pumping engines into two classes, according as they 
pump i.nto a reservoir or directly into the distribution, I have 
first described several engines under each head. Under the 
head of Engines puml)ing directly into the distribution, I have 
taken the Corliss and the Holly engines and the new engine 
recently erected at Providence, according to the designs of Mr. 
A. F. Nagle of that city, and have endeavored to give some 
idea of their size and charaeter~ together with their advantages 
and disadvantages as regards economy and liability to accident. 
Under tlfis head are also compared the advantages and disad- 
vantages o~' the two systems. 

Under the head of Reservoir Engines are taken, first, the 
Cornish; second, the Leavitt, as an example of a beam and fly- 
wheel engine; third, the Worthington. These are described 
like those under the first head, the advantages and disadvan- 
tages of each variety of engine being pointed out, and a table 
of the duties attained by each kind of engine being given. 

Under the head of Cornish Engines is described "Davey's 
Differential Valve Gearing," which has been quite extensively 
ntroduced in England both for Horizontal and Cornish pump- 

w 
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ing engines. Its object is to make the valve motion not entire- 
ly dependent on the i)iston, but partly on the load, and so to 
change the point of cut-off that the speed of the piston shall 
not be very mucll accelerated or retarded by a chan~,'e in load, 
and thus to ensure freedom fi'om accident. 

Having described engines under both heads, a comparison is 
drawn with regard to ulthnate economy between th/e two sys- 
tems and betwee:~ the differeng engines in the same system. 
From calculation the engines pumping into the distribution are 
decided not to be economical except for places where not more 
than 2,000,000 gall(ms per day at the utmost are required. 

From a similar calculation of the first cost and duty of dif- 
ferent engines, it is decided that the Leavitt beam and fly- 
wheel engine is the most economical engine in this country, it 
having" ~'iven both the highest special test duty and the highest 
annual duty of any engine in this country. On. the special test 
the duty was 103,923,215 foot pounds per 100 pounds of coal 
consumed, and an annual duty of about 90,000,000 foot pounds 
per 100 pounds of coal consumed, i~mluding coal used for bank- 
inog, has been obtained. 

The Worthington engine, which has been largely introduced 
throughout the United States, is much valued on account of 
the apparent ease and quietness with which it performs its duty 
and its fi'eedom fi'om liability to serious accident; but although 
it gives good results compared with most pumping engines, it 
does not approach the Leavitt engine in economy. 

ShaftS~g and its .Fittings. Abstract by the author, Theo. jr. 
.Lewis. 

In nay thesis I have endeavored to gi~'e all account of a re- 
search which "I ]lave made into the subject of Shafting and its 
fittings. In this research I have read such books and essays xs 
were at my command, and have taken fi'om them what seemed 
to me to be the most important tZacts connected with the subject. 

The som'ces fi'om which the information contained in the 
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thesis is chiefly drawn are the following: Rankine's" Ma- 
chinery and Mill work," Weisbach's "Mechanics of Ma- 
chinery," Fairbairn's "Mills and Millwork," Box's Mill 
G . ~,, earing,, Barlow's " Strength of Materials," Anderson's 
" Strength of Materials," Essays upon Shafting by Messrs. 
Allen, Hussey, Burke and Francis in the Report of the :New 
England Cotton Manufacturer's Association, Essay upon 
Shafting by Mr. Coleman Sellers, "Fittings for Line Shafts" 
in the Engineering. 

The subject is treated of in the following manner : - -  
1. The older forms of shafting and the various improvements 

which have been made upon them, as the il:m'oduction of lighter 
shafts and p~Ileys and the general adoption of belting as a 
mode of transmission of power. 

2. The materials fi'om which shafting is constructed and 
their adaptability to the purpose ; giving a series of tables col- 
lected fi'om various sources, showing the transverse and tor- 
sional strengths of the metals, steel, wrought iron, both hot 
and cold rolled, and cast iron. Also showing the methods by 
means of which these strengths are calculated. 

3. The size of shafting, showing the demonstration of the 
general formula for the diameter of a shaft, and giving the 
values of the constants in those formalin as used by different 
practical men. St.ging the argmnents for and against the use 
of velT light shafting, and some examples of sizes which have 
been or are now in daily use. 

The fourth general division of the subject comprises the 
fittings for shafts. The fittings discussed are, ~ Couplings ; one 
of the first requirements that a line of shafting may run well 
being that the various sections shall be firmly coupled together. 
The requirements of a good coupling are given, and also ex- 
amples of various forms in use. 
" Bearings ; giving examples of the best forms of hangers and 

pillow blocks. Treating of the proper distance between two 
bearings, and of the metals of which they are made, and the 
proper pressure per sTmre inch of bearing surikce. In th~s 
connection the proper speed for shafts is spoken of. 
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Pul leys ; the  forces which act upon them; the shape and 
number of' arms ; rules for the crowning. Belting; the ma- 
terials of' which it is commonly manufactured, mode of' fi~sten- 
ing. The strength and the proper speed at which to run belts. 

.Effeieneg of ~]larb~e Engines. Abstract bg the author, Chas. T. 
111ain. 

T i m  steam engine is a machine in which heat is converted 
into work with a certain amGunt of efficiency. During this 
conversion there are successive losses. 1. The whole of the" 
heat fi'om the fuel is not utilized in producing steam. 2. All 
the heat in the steam is not converted into work on tim piston. 
3. There is loss by the friction of' the mechanism. The 
second and third fitctors are develol)ed in the thesis. 

1. On the different methods of using steam. 
Although in some engines the expansive workipg of steam 

does not indicate a gain, yet in the modern engizms the gain is 
worthy of notice. And the allies of the use of steam expan- 
sively are "Superheating, " " T h e  Steam Jacket, " "Com-  
pounding," "High Steam Pressure" and "High Piston Speed." 
As a general thing now-a-days, too much expansion is attempted, 
and thus the results are not so economical as the.y ought to be. 
With the steam jacket and superheated steam the expansion 
can be carried on to a much greater extent than without, for 
these agents are preventions or' surface condensation which is 
the great evil of the expansive use ot" steam, and tim gain from 
their use is well worth studying. As far as the theoretical 
working of the steam goes, it makes n.o difference whether the 
expansion takes place in one cylinder or in a succession of 
cylinders; but as the size of the l)arts depends upon the great- 
es t ,  and not the m e a n  strain, the more expansively the steam is 
used the less is the mean pressure. Now to avoid the making 
of the parts so large as to increase the expense and fi'iction, the 
compound engine was invented, and it has truly fi~lfilled the 
object aimed .at. The parts connected with the low pressure 
cylinder are of more slender construction than when a single 
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cylinder is used. It is well known at present that high pres- 
sures, and high piston speeds are conducive to economic results. 

2. On the Various Combinations of Mechanism. 
The size and i)roportion of the engine is governed by the 

work which it has to perform and the instrument by which it 
does it. ]n the case of paddle wheel engines, a long piston 
stroke and a short arm crank on the same shaft with the wheel 
is conducive to speed, power, and durability. For paddle wheel 
engines, probably the old fashioned working beam and its con- 
nections is as satis~,tctory as any method of transmitting the 
power fi'om the piston to the crank. It has stood the test for 
many years, and is now much used for river and coasting pur- 
poses. The side lever engine has been used with success for 
ocean steamers, but its bulk and heaviness requires it to give 
way to the smaller and lighter engines, such as the oscillating, 
the trunk, and other engbms having direct connection; the 
oscillatblg ett~ine is to be preferred to the trunk on acct0unt of 
its lightness, strength al~d d:urability, and its accessibility for 
repairs; it has come into universal favor. 

But the greater economy and greater convenience of the 
screw vessels have caused the paddle wheel to become almost 
extinct fi)r ocean and war purposes. There are various types, 
the most common of which are, the geared, the oscillating, the 
horizontal, the vertical and the inclined. The shaft of the 
geared engine is divided in a clumsy way, and since it is now 
known that high speed is economical, and for other reasons, 
the direct acting engine is considered as the screw e,~gine prolJer. 
All the other ~brms have been used to good advantage, accord- 
ing to the purpose to which they were applied. 

Whatever fol:m is used there is a great saving by the use of 
the surface condenser instead of the jet condenser, and all the 
other details should be arranged with reference to their simplic- 
ity, durability~ and access for repairs. Of course in selecting 
an engine judgment must be used, and attention paid to the 
efficiency, the location, price of tirol, etc. 

In writing this thesis, the author has gathered information 
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fi:om all the experiments at his command, and which he deemed 
sufficiently accurate to make use of. Under "Expansion " 

experiments of Isherwood, and those made at the U .  S .  :Navy 
~Yard in Boston~ on the " Rush," " D e x t e r  " a n d  " D a l l a s ,  " 

also those made at Baltimore on the "Bache" were referred 
to~ and results given. Under " Superheating" those experi- 
ments made by Mr. Is]mrwood on the ~' Georgianna, " " Ade- 
laide," and "Eutaw" are given in synopsis. In studying the 
egizct of' the steam jacket, the experiments on the Brooklyn 
Pumping Engine, and those at the :Navy Yard were referred 
to and results given. In determining the effect of compound- 
ing, and the gain of high steam pressure these last named were 
also used. A synopsis of the experiments made on the U. S. 
steamers " Spencer" and " McLane'" to determine tlae relative 
efi3eiency of the screw and paddle wheel is given. 

The ~$'crew Prol~eller. Abstract by the author, C. F. Prichard. 

Although spoken of and suggested by various authors it was 
not until 1836 that any extensive attempt was made to use the 
helicoidal or screw surface as a means of propelling vessels; 
then the idea was taken up in England simultaneously by Mr. 
F. P. Smith and Capt. John Ericsson. The exertions of either 
of these would have achieved a success, but the rivalry which 
existed hastened its introduction. Smith's form consisted of a 
single threaded screw of two convolutions, and was the same in 
principle as the true screw now in use. Ericsson's form con- 
sisted of two hoops revolving in opposite directions having short 
blades placed upon their circumferdnce. The.thesis contains 
detail drawings and descriptions of both these forms and short 
descriptions of nmnerous other forms. 

The rapid rise of the propeller into general use is due prin- 
cipally to its power of being combined wifla sails, its form and 
the an'angement of its engine being such that it does not in- 
terfere at all with the worldng of the sails, while i~ is almost 
impossible to combine steam with canvas in  the paddle wheel 
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vessel; beside this reason there are many others which are 
given, With contrasts between the speed of file two classes of 
vessels. 

Under  the head of the generation of the helix and helicoidal 
surfaces are given tile definitions of, and the manner of describ- 
ing and drawing tim various forms of true, axially expanding, 
and radially expanding screw surfaces. The radially expanding, 
and what is called the bent back form of blade, have fbr their 
object the o~'ercoming of the centrifugal action of the screw. 
A particle of water struck by a straight bladed screw is acted 
upon by two fbrces, a centrifugal force tending to drive the 
particle radially, and the propulsive effbrt resulting from the 
oblique action of the blade; the resultant of these two tend~ to 
drive the water fi'om the screw in the shape of a fi'ustrum of' a 
cone. I f  this bod~ of water could be driven aft in a cylindrical u 

column we should utilize all the fi)rce, and to do this the blade 
is radially exl)anded or more commonly bent back. This ques- 
tion is discussed and a formula for the true curve deduced. 

The proper fbrm of the screw depends enti|:ely ul)on slip or 
the recession of" the water~ for it is evident if there were no 
recession of the water we should ha~'e the case of' a screw 
working in an immovable nut, and provided the blades were 
strong enough, it would make no dlfihrence whether we have 
one blade or four, short or long length, large or small diameter;  
if the pitch and number of revolutions were the same the pro- 
pulsive effort would be the same;  but the water does recede 
and hence slip must be taken into account~ and it becomes 
necessary to choose the particular dimensions which will reduce 
slip to a minimum. Slip cannot be entirely done away with 
owing to the nature of water ; the pressure of a surfhce against 
the water puts it in motion, and this motion is a measure of 
the resistance, accordingly although slip is an evil and occasions 
losses from many sources, it is a necessary one and should be 
regarded as a purchase of power rather than an entire loss. 
After  discussing slip the proper dimensions of the screw are 
given with the reasons for choosing them, as deduced from ex- 
periments by Isherwood, Mall & Bourgois, and others. 
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Wlfen steam is used as an auxiliary power it is often advan- 
tageous to proceed under sail alone ; in this case the screw must 
either be hoisted or must drag in the water. This dragging 
causes an important resistance, and I have given the experi- 
ments of Isherwood upon the resistance of dragging screws as 
determined by dynamometrical measurement. 

When sailing for some time this resistance becomes a consid- 
erable amount and'may be obviated by the ~aethods of hoisting 
the screw out of the water; several of these methods are de- 
scribed and illustrated. 

The two methods of making a casting of a screw, that by 
sweeping up a mould, and that of making a wooden pattern 
a., "'.~ described. 

The principal forms of screws in use in this country are the 
True Screw, the Griffiths, the Hirsch and Isherwood's form; 
these forms are described and working draw.;ngs given, 
taken fi'om actual examples now in use in the English and 
American :Navies. The Griffiths screw is a tracing of the form 
of' screw applied to the Great Eastern. 

The Mun~in and Lowe-Vansittart propellers are described, 
though they are used more particularly in France and England. 

The resistance of a vessel is composed of Head and Skin 
Resistances ; a method of' determining this resistance is given, 
with the manner of finding the power of engines necessary to 
drive the propeller, and several methods of' receiving the 
thrust. 

D E P A R T M E ~ N T  O F  M I N I N G  E N G I N E E R I N G .  

Tl~e lPo~'t Henry Tron Indust~ T. Abstract by the author, G. E. 
Alleu. 

Part 1. Geographical location and description of the region. 
Geology of tim country. Discovery anti development of tho 
mines. Growth and progress of the iron industry. General 
situation and its advantages. 
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Part 2. The mines. Their number, location, history and 
remarks. The Cheerer bed - -  a detail description of the mine, 
showing location, situation, giving manner of working, winning 
ore, hoisting, lighting, ventilating, nmte.rials used, drainage, 
pumping, timbering, tramways, inclines, surface works, machin- 
ery, railroads, sorting, dumping~ labor, yield, wharves, ship- 
ment, etc. Other beds--their histol T and brief descriptions. 

Part 3. The blast furnaces; theiir history and growth. The 
Bay State Iron Company s Furnace, with detail description of 
the works and working of the furnace. Statements of the 
amounts of different materials which go in and come out of it, 
and the relative proportions of chaises, fluxes, ores, fuel, etc. 
Analyses of" the ores, fuel, flre-brick, limestones used at the 
furnaces, and of the slag and pig produced. Table of analyses 
of five difthrent pigs and the results deduced~ etc. The descrip- 
tion, in brief, of the Cedar Point Furnace. 

Part 4. Comparison of this with other regions, particularly 
that of Lake Superior, m!d the cost of mining and shipping ore. 
Comparison of these and other furnaces. Advantages and dis- 
advantages of the region. 

Part 5. Chemical Work. Methods of analysis. Stating the 
method used with brief description. The reasons for so doing 
and results obtained. 

The ]Ietalhoylcal Treatment of an Argentiferous Galena fi'om 
Burleigh Tunnel, Colorado. Abstract by the author, S. 
James, Jr. 

The subject is treated as follows: 
1. Position of the t~:. neland lmrpose of working. Progress 

of work and numb, '. ,~les cut. Geology of the tunnel. 
2. Composit, " ,~oh mineral and chemical) of' the ore 

worked. 
3. Crushing, :umpling and weighing of file ore. 
4. Roasting. Effects of zinc blende and chemicM changes 

the ore undergoes. Roasting furnaces. Time and coal used, 
and losses in lead, sulphur and silver. 
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5. Trial of the Flintshire process. 
6. Separation of tile lead ii'om the ore by the blast furnace. 

Analysis of the tap cinder used for fluxingwith a calculation 
of slag and charging mixture. Size of blast filrnace used, and tl,.e 
construction of the hearth. Working of the operation and blast. 
Tables taken of the charging and tapping. Amount of coal used. 
Regulating the amount of coke. Sorting and working over the 
products of this run to be used in a second run, or for getting 
the lead ready for refining. Changes before second run, new 
tuyeres in the furnace, and a forehearth used. Action of 
metal matte and slag. Tables of the charging and tapping at 
the second run. Separation of the lead in the forehearth, but 
no slag sample. Loss of lead in the whole operation and 
amount of fume. 

7. Getting a slag sample by fusion. Manner of using a 
plumbago crucible. 

8. Refining of lead under charcoal. Tables of the running 
of the furnaces, coal used, and loss of lead. 

9. Sweating to get rid of copper and impurities in the lead. 
Description of the heater and manner of working. 

10. Smelting of the copper and impurities with galena to'get 
the copper into a matte. Time, and coal used. 

11. Zincing. Parke's process. Zincing and sweating three 
times with one per cent. of zinc each time, by which means tl,e 
amount of silver in tim lead was reduced to .001 per cent. 

12. Distilling off the zinc fi'om the silver lead. 
13. Cupelling. Tables of losses in the different operations. 

The Richmond Blast El~rnace. Abstract b2/ the author, T]ws. 
W. I-robinson. 

After a brief history of the filrnace the details were consid- 
ered under the following ]leads. 

1. The Construction. 
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2. The Accessories and ~achinery. 
3. The Manner of Working. 
4. The Results of Chemical Analysis. 

An Investigation ancl Report on The Pomeroy ~'on Works at 
West Stodcbridge, ~Yass. Abstract by the author, Theo. 
JE. Schwarz. 

I visited the Pomeroy Iron Works last September, spending 
one week in studying the works and mines in the vicinity, and 
in collecting samples for analysis, and obtaining data for this 
thesis. The works consist os an anthracite blast furnace and 
accessories. I have considered the subject under the three 
following heads : - -  

1. The Works. . 
2. The Process os Manufacture. 
3. The Manufacture Economically considered. 
Under the first head, I have described, with drawings, the 

blast furnace, blast heating stove, engines, incline, etc., and 
the mines os brown hematite ore situated in Berkshire county, 
fi'om which the furnace derives part of its ore supply. 

Under the second head, I described fit'st the process os wash- 
ing the ]imonites, as practised in Berkshire county. The ap- 
paratus, of which I have given a drawing, consists of three re- 
volving cylinders, through which the ore passes with water. 
The apparatus sizes the ore into three different products accord- 
ing to the sizes os the perforated plates composing the cylinders. 
I then described the five ores; the sampling; preparation for 
analysis; method of analysis, and the analyses of the ores, flux, 
and coal. 

The following are the analyses:-- 

.PORT I [ E N R 3 t  ~ M A G N E T I T E .  A ~ ' D R E ' 4 " S - B R O ~ V N  I I E M A T I ' I : E .  

I n s o l u b l e  R e s i d u e  . . . 3 . 5 4  . . . .  1 4 . 1 6  

B i n o x i d e  o f  M a n g a n e s e  . ' . . 8 8  . . . . .  3 6  

A h u n i n a  . . . . .  1 . 2 0  . . . .  1 , 4 6  

F e r r i c  o x i d e  . , , . 9 0 . 0 1  . . . .  7 3 . 8 0  

t ' h o s p h o r i c  a c i d  . . . ,'2.82 . . . . .  4 9  

S u l p h u e  . . . . .  t r  . . . . . .  

L o s s  o n  I g n i t i o n  . . �9 - -  . . . .  9 . 7 2  

L i m e  . . . . . . . . . .  t l , .  

9 8 . 4 5  9 9 . 9 9  
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CALEDONIA. RED IIE,~IzkTITE. 

I n s o l u b l e  R e s i d u e  . 

B i n o x i d e  o f  M a n g a n e s e  

A l u m i n a  . . . 

F e r r i c  o x i d e  . 

P h o s p h o r i c  a c i d .  

Loss  o n  I g n i t i o n .  

L i m e  . . . 

M a g n e s i a  . 

S u l p h u r  

LEETE ORE ( t tWIIITE I[ORSE") .  

. 10.57 

. . 2 3  . 

. 2 .22 . 

. 72.15 . 

. . 4 3  . 

�9 8 .09 . 

. 4 .49 . 

20.80 

2 .96  

.76 

56.30 

.25 

16.80 

.42 

98.18 98.29 

CIIESIIIRE BROWN HEMATITE.  LIhIESTONE FLUX.  

I n s o l u b l e  R e s i d u e  . . 15.43 S i l i c a  . . . 2.92 

B i n o x i d e  of  M a n g a n e s e  . 1.13 P r o t o x i d e  o f  I r o n .  .40 

P h o s p h o r i c  a c i d  . 2 .13 L i m e  . . 42 .83 

A l u m i n a  . . . 2.13 ]~Iagnes ia  . . 9.65 

F e r r i c  o x i d e  . . . 68 .67 C a r b o n i c  a c i d  . 44 .235  

Loss  on  ] g n i t l o n .  . . 10.00 

S u l p h u r  . . . - -  

99 .49 100 .035  

LEHIGH ANTHRACITE.  ( V e r y  p u r e  s p e c i m e n . )  T h e  ASlI  c o n t a i n e d : -  

V o l a t i l e  m a t t e r  . . . 11.16 A l u m i n a  . . 3 .59 

A s h  . . . . .  6 .85 S i l i c a  . . 3 .28 

F i x e d  c a r b o n  . . 81 .98 L i m e  . . t r ,  

S u l p h u r  . . .0062  " 

99 .9962  6.87 

I n e x t  g a v e  d e s c r i p t i o n s  o f  t h e  o p 6 r a t i o n s  o f  c h a r g i n g ,  d r a w -  

i n g  s l a g ,  c a s t i n g ,  e t c .  T i l e  a n a l y s i s  o f  t h e  s l a g  i s  a s  f o l l o ~ ' s  : m  

S i l i c a  . . . .  

A l m n i n a  . . �9 

F e r r o u s  o x i d e  �9 

L i m e  . . . .  

M a g n e s i a  . �9 

P r o t o x i d e  o f  M a n g a n e s e  

S u l p h i d e  o f  C a l c i u m  . 

A l k a l i e s  �9 �9 

P h o s p h o r i c  a c i d  . . 

SLAG. 

. . . .  37.62 

. . . . .  1 2 . 8 4  

. . . . .  t r .  

. . . . .  3 9 . 1 6  

. . . . .  6 . 9 8  

. . . . . .  65 

. . . .  9.16 

. . . . .  1 . 1 1  

. . . . .  t r .  

1 0 0 . 5 2  
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The three grades of pig iron analyzed as follows" - -  

I .  I f .  I I I .  

Carbon combined . . .53 . .585 ,395 
" gq'aphitic . 3.38 . 3.49 . 3.36 

Phosphorus . . . .  84 . .875 
~'I~nganese . . . .  89 . 1.13 . .62 
Sulphur . . . . .  016 . .015 
Silicon . . . .  8.24 �9 2.16 . 4,44 --  Silica. 
STag . . . .  20 , .I16 
Iron (by difference) . 90.904 . 91.629 

Then follows a ge~.~eral statement and description of one 

week's run of the furnace, and comparative results deduced 
from the analyses and actual working data of the furnace: 

Under this head the following points were considered: 
1. Calculation of the theoretical slag from the analyses, with 

its formula. 

2. Calculation of formula of slag actually obtained. 
3. Weight of obtained slag. 

4. Calculation of amount of pig iron expected in one day, 
from the analyses of the ores~ and comparison with amount 
actually obtained. 

5. Composition of the most desirable slag. 
6. Comparisons with other furnaces. 
Under the third division of the subject, I have added up the 

expenses and receipts for the week ending Sept. 9th~ '75, 
and balanced accounts, showing a loss of $ per ton of iron 

made. The question of greater economy of t)roduction, as 
affected by the ores used, has also been discussed, and whether 
it would be well to attempt the production of Bessemer pig, 
In w, hich case, what would be advisable ores to use ? 

On l~rewburyport Silver Lead Mines. Abstract 5y the authors, 
J: 1T. 5'usmann and Dr. 1). Townsend. 

This abstract is made to embrace two theses on the same 
subject, which was too extensive for one person to do justice to 
it in the limited time. 



103 

We have given ill our theses general accounts of the history, 
development, mineralogy, and geology of the Newburyport dis" 
trict; in addition to a description of the treatment by us of two 
ores from the Chipman lode, a rich float ore, and a poor third 
grade ore. 

Our first experiments were on the concentration of 3d 
grade ore. For this purpose 1628 pounds of ore, yielding to 
analysis 9 per cent. of lead, .03 per cent. of silver, worth all 
told $18 to the ton, were taken and treated in the wet way by a 
system of spitzlutten, jigs, side and end bump tables, and cones. 
We obtained a concentration of 233 pounds, containing 73~- per 
cent. of all the lead, and 54.7 per cent. of all the silver in the 
ore, together with a slime conthining 10 per cent. of all the sil- 
ver. These products were both of them ready for smelting. 
The concentration yields to analysis 46 per cent. lead, .115 per 
cent. silver, worth 894 to the ton. Silver being valued at $1.15 
currency and lead at 6 cents per pound. 

For the metallm~ical treatment we took 774 lbs. float ore, 
which was a little poorer than the present first class ore. It 
yielded to analysis 44.30 per cent. lead, .15 per cent. silver. 
This was treated for the lead, silver and copper by roasting, 
agglomerating, and subsequent smelting in the blast furnace; 
yielding a crude lead containing silver and some COl)per , and 
a copper matte. 

As a result of the smelting, we obtained products (lead and 
matte), containing 234 lbs. lead, 16 oz. of silver, 0.256 oz. 
gold, and 5 pounds copper. 

The silver and gold were subsequently extracted by Parke's 
process, followed by cupellation. The copper was left in the 
matte, from which it can be readily extracted by :~:et processes. 

The details of this work are fully given in the theses. 
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DEPARTMENT OF CHEMISTRY. 

Action of Tungstic Acid upon Gelatin. Abstract by the author, 
} ~ .  P. Atwood. 

I have.considered the subject of nay thesis under the follow- 
ing beads : 

1. Object of thesis. 
9. Gelatin. 
3. Tungstate of soda. 
4. �9 " acid. 
5. Method of determining W]3 and analyses of tungustate o~ 

soda. 

6. Method of preparing the sl~bstance produced by the action 
of tungstic acid upon gelatin. 

7. Properties of substance so produced. 
8. Method of "analysis. 
9. Results of analysis. 

10. Comparisons and conclusions arrived at. 

On Anthracene and Associated t~ddrocarbons. Abstract by the 
author, CT~as. R. Eletcher. 

This consists : -  
Part 1. A digest of published papers on anthracene, anthra- 

quinone, alizarine, phcnanthrene, and their derivatives. 
Part 2. Experiments made to determine the value of the 

various methods proposed for the quantitative determination of 
ar/thracene ; 

Experiments on the quantitative determination of phenan- 
threne. 

The Action of Ohloride of Sulphur ~on  Spirits of T~Tentine. 
Abstract by the authors, Albert 1t. Low and Charles .h r. Waite. 

The subject is treated under the following heads: 

PART FIRST~ BY ALBERT H.  LOW. 

Chapter I. 1. Tile action of chloride of sulphur upon cer- 
tain oils, etc. 

�9 i I 
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2. Extract fi'om Parke's patent for the vulcanization of 
caoutchouc. 

3. Treatment of the spirits of turpentine with chloride of 
sulphur, and separation of the products by distillation. 

Cha29ter I/ .  1. Separation, purification and analysis of a 
substance having the composition C~,H~oHCL. 

2. Determination of the composition and physical properties 
of other products. 

8. Summary of the results of the investigation. 

PART SECOND, BY CHARLES :N. WAITE. 

Chapter I.. General remarks on the methods employed in ob- 
taining the various products. 

Cha2ter If. Purification and analysis of a sulpho compound 
and speculations as to its molecular structure. 

Practical Estimation of the Value of Tanni~ W Jllaterials, to- 
gether u, lth _Points on Tanning. Abstract by the author, PTm. 
.E. lu 

The work done may be divided as follows : 
1. Collecting together some of the more available methods 

for the estimation of tannle acid, which have been published in 
foreign and American scientific works. 

2. Consideration and trial of sonde of the more promising of 
these methods, by which one was found which cau be used 
quickly, and by persons possessing but very little chemical skill. 
The method used, although essentially like the original, is some- 
what simplified. 

8. The determination of the value of various liquors fi'om 
tanneries, of a number of the more common tanning materials 
and commercial extracts, by the selected and modified method, 
and the comparison of the results with those obtained by other 
chemists, with other methods. 
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4. The methods used by tanners, to test the strength of 
their liquors and tanning materials. 

5. Invbstigation of the supposed loss of considerable quanti- 
ties of tannic acid dm'ing tanning, by oxidation to gallic acid. 

6. A partial analysis of an exhausted tan liquor. 

DEPARTMENT OF METALLURGY. 

A Report on the Vershire Copper l~ne and Ore. Abstract t~y 
the author, R. H. Gould. 

The first part of this thesis is devoted to a description of the 
mine and the method adopted for working the ore at Vershire. 
The second part describes the working of about 500 pounds of 
the ore at the Institute. 

I. The ore mined at Vershire is a sulphide of copper and 
iron (Chalcopyrite) which occurs associated with a large amount 
of pyrrhotite and quartz. The method adopted for extracting 
the copper consists of the following operations. 1. Cobbing the 
ore to a uniform richness of about 9 per cent. ; 2. Roasting the 
ore in large heaps to expel a portion of the sulphur ; 3. :Fusing 
the roasted ore in blast furnaces to obtain a matte containing 
fi'om 30" to 35 per cent. of COl)per ; 4. Roasting the matte in 
kilns to expel the remaining sulphur; 5. Fusing the roasted 
matte in blast furnaces to obtain pig copper containing 95 to 96 
per cent. of metallic copper. 

II. The working of the ore at the Institute is divided as 
follows : 

1. Preliminary T rea tmen t . .  The ore was first examined for 
the various mi,mrals which it might contain. Those found 
were, chalcopyrite, pyrrhotite, quartz, b}ende, garnet, feldspar 
and mica. The first three make up about 95 per cent. of the 
ore. 

The ore was next crushed to lumps of half inch diameter, 
and sampled. The ore on analysis gave the following: 
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Copper . . . . . . .  19.18 
Iron . . . . . . . . . .  34.93 
Zi::,~ . . . . . . . . . .  0.76 
Lead . . . . . . . . . .  0.17 
Sulphur . . . . . . . . . .  27.59 
Silica . . . . . . . .  16.88 
Ferric oxide . . . .  ' . . . .  0.36 
Alumina . . . . . . . .  1.90 
Magnesia . . . . . . .  1.54 
Water . . . . . .  0.03 
Undetermined . . . . . . . .  3.66 

100.00 

2. Roasting of Ore. The  ore was roasted in reverbera tory  
furnaces for four hours, during which it lost over one half of its 
sulphur.  

8. Fusion for Matte .  The  roasted ore was fused in a blast 
furnace,  puddle cinder aud limestone being used for fluxes. 

The  main products were,  a mat te  containing about 25 per  
cent. of copper, and a perfectly fusible slag of the following 
composition : m  

CuO, 0.56 
I)bO, 0.29 
SiO.o, S5.97 
FeO 41.90 
AboO'~ W P~.O~, 8.55 
CaO, 8.56 
1MgO, 1.14 
Undetermined, 3.63 

10o.0o 

�9 4. Roasting of Matte .  The  mat te  was roasted in four 
charges,  of 56 lbs. ehch, for about  six hours. 

5. Fusion for Black Copper.  The  roasted mat te  was fused 
in a blast furnace. Revere  acid slag and sand being used as 
fluxes. The  main products w e r e :  

1. Black Copper  ve ry  highly  charged with iron ; 
2. Mat te  containing about 44 per cent. of copper ; 

8. Slag which was perfect ly fusible, and on analysis was 
found to contain no copper. 
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DEPARTMENT OF NATURAL HISTORY. 

Catalogue of the Alcidoe in the Museum of the Boston Sodet.~/ of 
Natural Histo~ T ; with a review and proTosed classification of 
the,familff. Abstract b~ the author, IV. ~B. Barrows. 

In this paper tile family is first located and then briefly de- 
fined; its prominent characteristics , as shown in the various 
specimens in tlle Musemn, being shnply enmnerated, and the 
more critical notice of specific and generic differences left for 
the descriptions of Genera and Species which immediately 
follow. 

Tile descriptions are all original and are made fi'om actual 
specimens in the Museum. Twenty-one species are included 
in the filmily and twelve of these, representing every Genus, 
are contained in the Museum. No descriptions of' species have 
been given where actual specimens have not been handled, but 
each species is assigned its place in such a manner as to make a 
connected series which seems to best represent the natural re- 
lations of the members. One feature of the work is the reduc- 
tion in the number of Genera usually admitted, only seven 
being here accepted; while the exclusion of sub-families is a 
parallel feature. These two points, involving the whole rela- 
tion of species to species, are somewhat fidly, though not ex- 
haustively, discussed in the concluding third of tile paper, where 
the grounds for every step have been carefully considered. 

Two plates, containing figures of thirty beaks (both plan and 
elevation) conclude the paper. 

Tile whole classification differs widely from those most gen- 
erally in use; but the writer has been largely guided by such 
facts in the embryology of the group as have been within his 
reach and ability; and these facts, which have thus far been 
too generally overlooked, have made many of these changes 
imperative. 
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Geology of .Eastern _Massadtusetts. Abstract bg the aut]wr, 
~K O. Oros@. 

This essay is prefaced by some remarks oll the general 
structural features of the eastern United States. 

Attention is called to the existence, during Paleozoic time, of 
great gulf on the western side of the Appalachians, forming 

part of the interior Continental sea. 
In this Paleozoie gulf is found a probable cause for the 

greater thickness of the Pale6zoie sediments in the Pennsyl- 
vania region as compared with any other part of the Conti- 
nental basin. 

The general absence of Paleozoie strata fi'om the Atlantic 
slopes of the Appalachians is noted, and the fact pointed out 
that the Paleozoic rocks of eastern North America were 
deposited about the western and northern sides of what is now 
a long and narrow belt of land stretching fi'om Maine to 
Georgia. Much evidence is adduced to show that this limited 
area had a greater extension to the east and south-east in 
ancient times than now; that there must have been during 
Paleozoie time, where now lies the basin of the Atlantic thou- 
sands of filthoms deep, a great continent, from which were de- 
rived the detrital materials forming the Paleozoic sediments of 
both Europe and America. 

It is shown that our Atlantic coast line exhibits two grand 
deflections or bays , - - the  Gulf of Maine lying between Cape 
Cod and Nova Scotia and the large nameless deflection of the 
middle portion of the coast between Cape Cod and Cape 
Hatteras. The latter, which has been' christened the Allegha- 
nian Gulf, is proved to date fi'om the beginning of Mesozoic 
time and to owe its existence to the great accumulation of 
sediments forming the Alleghany Mts. 

The Gulf of Maine, on the contrary, is shown to be far older~ 
having been, like the Gulf of St. Lawrence, with which it 
ibrmerly communicated, in existence during the whole of Pal- 
eozoie time. Its origin is found in the erosion of an anticlinal 
of old crystalline rocks. 

~  
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The age and relations to the Paleozoic sediments on the west 
and the Metazoic on the east of the rocks forming the long and 
narrow belt of lan(1, before adverted to, stretching from Maine 
to Georgia, are discussed at some length, shown to be, with 
smal|, exceptions, chiefly crystallines, and to probably m~te-date 
in their origin the earliest Primordial. 

Coming to the proper subject of the paper, the relations of 
Massachusetts to this Eozoic belt,are defined and the rocks of 
the State divided into two principal groups: (1) the crystalline, 
and (2) the uncrystalline. 

The crystallines are further divided into the l~orian, the 
Huronian and the Mont Alban. Then follows at considerable 
length, forming the major part of the essay, an account of the 
lithology, distribution and probable origin of the vm'ious rocks 
forming each of these formations. 

The rocks referred to the Norian are identified with the 
h~orian of other regions, and, although occupying but a small 
area in the Eastern part of the State, are shown to be of great 
scientific importance, since they are the oldest rocks in Massa- 
chusetts and perhi~ps in New England, and afford a key to the 

�9 geology of this whole region. 
The stratigraphical relations of the :Norian of this vicinity to 

the rocks of the same and of Laurentian Age in New Bruns- 
wick is pointed out. 

The rocks of the Huronian Age are divided lithologically and 
chronologically into several groups, which, stated in their order 
of sequence, are granite, felsite, diorite, and stratified rocks 
including limestone. These are minutely described, their litho- 
logical and stratigraphical relations pointed out, showing that 
they are strictly members of one and the same serieS, and the 
law governing their distribution indicated. 

The derivation of the compact felsite fi'om conglomerate is 
briefly treated, old views discussed and new ones advanced. 

.General sections acrohs this formation from north to south 
are given, showing that there is a repetition of the strata which 
can be accounted for only by a gigantic fault which must ex- 
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tend fi'om the shore in Ipswich south-westerly through Essex 
and Middlesex counties. It is conceived to die out near West- 
borough, and a reason is found here for the existence of the 
peculiar band of Huronlan rocks extending south-west fi'om 
Concord and piercing the Mont Alban formation. 

The existence of malay minor faults is rendered probable, 
and it is proved that the diorite area of Salem, Swampscot and 
Marblehead has been thrown down thonsands of feet by a great 
~ault which brought up the Norian rocks of Salem. 

The Mont Alban formation is treated in a similar manner, 
but with less detail. The rocks of this age are shown to form, 
like those of the Huronian period, a complete chemical and 
lithological series, a roundedcycle of sedimentation. 

Particular attentioil is given to the distribution and strati- 
graphical relations of the rocks of the Nashua and Merrimac 
valleys; and general sections across these valleys are given 
which show that the peculiar relations of the rocks are due to 
faults never before noticed. 

Tim Mont Alban rocks are found, in their general distribu- 
tion, to lie concentrically about the Huronian as the Huronian 
do about the Norian ; and it is pointed out that these formations . 
sustain precisely the same inter-relations in Maine, New Bruns- 
wick and Nova Scotia that they do in Massachusetts. 

In this manner is established the existence of the great Eozoic 
Anticlinal, the erosion of which produced the gulf of Maine. 
The occurrence of Primordial and later sediments at various 
points in the Gulf of Maine, is appealed tb as evidence that the 
erosion of this Anticlinal was completed before the beginning 
of Paleozoic time. Preceding the systematic account of the 
Palezoic rocks, two general sections are introduced showing the 
probable form of the valleys in which they were deposited. 

The slates in the vicinity of Boston are chiefly referred to 
the Acadian period, while the great mass of the conglomerates 
is regarded as synchronous with the Carboniferous conglom- 
erates of Bristol County and Rhode Island, which they closely 
resemble. 

J 
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The conglomerates and sandstones forming tile Norfolk county 
belt are referred, on stratigraphicaI grounds, to the Devonian 
Age. 

The paper is concluded by an account, oF the disturbance 
closing Paleozoie time, wherein is traced tlle origin of many of 
the more prominent geological and topographical features of 
this region. 

DEPARTMENT OF PHYSICS. 

On tl~e ~Iean Sl)ecifie Gravity of tl~e .Eartl~. Abstract by tl~e 
aut]wr, J. B. IIenck, Jr. 

1. General principle of all methods of finding the mean 
specific gravity of the earth. 

2. First hint of an actual experiment by Sir Isaac Newton. 
3. First actual attempt to determine the deviation of the 

plumb-line by the attraction of a mountain, as suggested by 
Newton, made by Bougner and others in 1738. 

4. Maskelyne's experiments in 1774, Hutton's calculation of 
the results, and subsequent litholegical survey of tlm ground by 
Playfair, with remarks ol, the use of the terms "quantity of 
matter" and "density." 

5. Experiments by Col. James in 1856. 
6. Experiments by Airy in 1826, 1828, and 1856. 
7. Experiments by Pierce in 1874. 
8. A second class of experiments, to be perfi)rmed in the 

laboratory. 
9. First experiments of this class, by Cavendish in 1797-98. 

10. Experiments by Reich in 1837. 
11. Experiments by Baily in the same and following years. 
12. Second series of experiments by Reich in 1852. 
13. Experiments by Conm in 1873-74. 
14. My own attempted experiments the past season. 
15. Recapitulation of results. 
16. Refi~rences. 
There are several sketches in the text, and a photograph oi 

my own apparatus. 
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The A tomle Tl~eory as ATplied to Gases; with Some .Experl- 
merits on the Viscosity of Air. Abstract by the author, Silas 
IV. Holmau. 

This thesis is a result of a study of the "Atomic TJmcry" 
of the constitution of matter, especially in its application to the 
explanation of the phenomena of gases. A review of the 
theory, fi'om its rise in the speculations of Democritus and others 
more than five centuries before the Christian era, to the most 
recent development in its app]ication ~o the phenomena of gases 
by Clausius, Maxwell and many more, has been outlined in the 
first portion of the paper. The methods of application of the 
hypothesis of a gas made up of rapidly moving particles to the 
explanation of th9 relation between the pressure, temperature 
and density of a gas is l~ext considered. This leads to a com- 
l>ar~son of the results obtained by different investigators fi'om 
the thn 9 of Boyle (1650) to the present. Such a coml)arison 
shows the uncertainty which still remains as to the nature of 
the derivation of gases fi'om the law of Mariotte, and the desir= 
ability of a more thorough discussion of all the results yet ob- 
tained, as well as the need of more accurate observations at 
high pressures. 

Another class of the phenomena exhibited by gases, namely, 
those due to their viscosity or internal fi'iction, is one quite well 
adapted to test the conformity of theoretical deductions with 
the results of experiment. From the hypothesis of perfectly 
elastic sl>herical molecules (or thei r  equivalents)acting upon 
each other by impact after moving over a rectilinear path, 
Maxwell has deduced the law that the viscosity of a gas is in- 
dependent of the pressure upon it and increases proportionately 
to the 0.5 power of the absolute temperature. The experi- 
ments of Meyer, Maxwell, Puluj and yon Obermaver on dry 
air have gi~;en, instead of 0.5, values of 0.75, 1.]), 0.66 and 
0.75 respectively. These various results are discussed by a 
special application of the graphical method which shows a great 
discordance in the case especially of Meyer's extensive investi- 

8' 
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gations. These give in fact almost all values of the power 
from a negative one to +9.8, which shows that flmy entirely 
fail, even when their best values are selected, to establish any 
law for this variation. Maxwell's published results seem in- 
sufficient. Those of Puluj are more concordant. Only the 
conclusions of yon Oberm~tyer as published in a short notice 
have yet been attainable. 

The apparatus which I have used in my experiments in the 
Physical Laboratory is dependent upon the law of Poiseuille as 
applied to the transpiration of gases through capillary ~ubes. 
This law is based upon the assumption that the viscosity of a 
gas is independent of the pressure upon it;  a law which I con- 
sider as verified for variations not exceeding two or three at- 
mospheres by the experiments of Graham, Meyer, and Max- 
well. In this apparatus the same volmne of gas is transpired 
successively through two capillaries of glass into a receiver 
continuously exhausted by means of a Richards' aspirator. 
The pressure of the gas at the entrance and exit of each tube 
is measured by means of two mercury gauges and a barometer. 
The capillaries may be at the same or at different temperatures. 
From the reading of the gauges when both are at the same 
temperature the constants of the apparatus may be determined, 
which must undergo a slight correction for variations of tem- 
perature since they depend on the dimensions of the capillaries. 
When thetubes are at different temperatures, the ef[hct shows 
itself in the guage readings, l~rom these and the previously 
determined constants, the effect of the known variation of 
temperature upon the viscosity is determined. The errors of 
measurements of volumes of air are thus eliminated, and the 
accuracy of the results depends only upon the measurements of 
temperatures and columns of mercury. As a mean of nine 
measurements I get the power 0.770, the extremes being 0.788 
and 0.789. The greatest variation obtained with the apparatus 
was in the value 0.881 which was one of two observations re- 
jected at the time of making. This form of apparatus does not 
furnish absolute values of the coefficient of viscosity~ but may 
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be readily extended to accomplish this by measuring the vol- 
ume of gas transpired in a certain time. The superior con- 
cordance of' these preliminary results warrants the expectation 
of absolute values surpassing in accuracy those of previous in- 
vestigations. 

The deviation of all experimental data upon this law fi'om 
tile theoretical value of the 0.5 power of the temperature in- 
dicates, probably, a fidse hypothesis with regard to tlle mode of 
actionof the molecules at impact. Maxwell has r(iinvestigated 
this subject upon tim hyl)othesis of a repulsive force between 
the particles varying inversely as the fifth power of the distance, 
which makes the viscosity proportional to the first power of the 
absolute temperature. This is probably not the law however, 
and it would seem that it would be necessary to establish tile 
experimental law with certainty before giving ourselves to any 
theoretical deductions fr,)m it. 

1Vew JExperiments in Sound. Abstract by the author, William 
W. Jaequee. 

The experiments consisted of three series. The first was 
made for thc 1)urpose of testing the law of inverse squares; 
the second to show that the principles of Fresne] and Huyghens, 
announced for the ether waves, could be applied to waves of 
sound ; and the third, for the purpose of measuring the velocity 
of' sr of considerable intensity. 

J. irst Ser ies- -There  is every dynamical reason for believing 
that the intensities of light, heat and sound diminish as the re- 
ciprocals of the squares of the 'distances from their origins. 
That this is true of light and heat has been demonstrated ex- 
perimentally. The case of sound, however, has hitherto re- 
ceived no experimental demonstration. The following experi- 
ments furnish us with a proof of this law for the case of sound. 

If two resonators be placed equally distant fi'om an organ 
pipe, and connected by tubes with two prongs of a fi)rked tube 
in such a way that the waves from the two resonators shall 
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arrive at tlle fork in opposite phase, they will neutralize cach 
other, and if the stem of tile fork be connected with the ear no 
sound will be beard. 

If, for one of the resonators, we substitute a pail', we may, 
by moving the single resonator nearer to the organ pipes and 
properly changing the length of its tube produce the same 
complete interference. If the law of inverse squares holds 
good, the distances of the single resonator and the pair fi'om 
the pipe should be as one to the square root of two. 

Tile observed and calculated results agree ahnost exactly, so 
that we are now warranted in assuming tile law for sound on as 
valid experimental grounds as for light and beat. 

Second Ser ies- -There  seems to be no d priori reason why 
the principles of Fresnel and Huyghens should not be applied 
to our atmosphere. The following experiments on the diffrac- 
tion of' sound show that they may be, so applied. It is well 
known that when light, diverging fi'om a centre, passes by a 
sharp edge, an interference is produced, so that, if a screen be 
placed just behind the edge, we shall see upon it alternate light 
and dark bands. The experiments which we have made in 
sound are analogous to these. In the path of rays of sound 
diverging fi'om an organ pipe, an edge, consisting merely of a 
wide board, was interposed. In the rear of this edge alternate 
bands of maximum and minimum intensity of sound were ob- 
served, corresponding, in their positions, to the theoretical bands 
calculated by formulm essentially similar to those used in the 
case of light. 

From the data furnished by these experiments, we may cal- 
culate the length of a sound wave, the velocity of sound, and, 
in short, all of the quantities dependent upon the velocity of 
sound, as well as acoustic quantities analagous to the optical 
quantities deduced fi'om the diffi'action of light. 

Third Series ~ Many eminent mathematicians and physicists 
have raised questions as to whether the velocity of sound is not 
affected by its intensity and pitch, by barometric pressure, 
hygrometric state and by other supposed causes. The follow- 
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ing experiments, which form one of several series being made 
for the settlement of these questions, have for their object the 
measurement of the velocify of sound near to the mouth of the 
cannon. If the velocity varies with intensity, these results 
should be larger than those obtained by other methods. 

The method consists of an automatic measurement of the 
velocity between the members of a series of membranes, placed 
at different distanees from the source of sound, by causing the 
sound, as it passes each membrane, to register its passage, by 
means of suitable electric connections, on a chronograph. 

By the kindness of Colonel Laidley, commander of Water- 
town Arsenal, the experiments were carried on at that place. 

The gun used was a six-pounder. From the mouth of the 
gun a series of three membranes was set up at intervals of 
thirty feet. These membranes were made of thin rubber 
stretched over a hoop nine inches in diameter. To the centre 
of the membrane was attached a polished brass shelf, upon 
which rested a polished steel spri,.lg. The shelf was connected 
with one" wire, and the steel with the other running to the 
chrolmgral)h. When the spring rests upon the shelf it com- 
pletes a circuit, which is the primary coil of an inductorium. 
The passage of the sound wave by a membrane breaks this cir- 
cuit, and so causes a spark to pass between the terminals of the 
the secondary coil of the inductorium. The chronograph used 
was a Schultz, which consists essentially of a rapidly revolving 
polished silver cylinder, upon the lampblacked surface of which 
a tuning fork is allowed to draw its curve, and so to fm'nish 
scale of times. One terminal of the induetorium is led to near 
the cylinder through a glass tube ; the cylinder itself forms the 
other terminal. The breaking of the primary circuit at the 
membranes, then, causes a spark to pass from the wire to the 
cylinder, which is registered by a dot in the lampblack. An 
arrangement was attached +,o each of the membranes, by means 
of which the current~ after being broken at it, could be sent 
through the next one before the sound wave arrived at it. The 
experiments which have" been made show that the velocity of 
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sound in the vicinity of a gun is greater than at a distance by 
several feet. This is in accordance with theory. The method 
will, probably~ when perfected, fnrni:sh the most accurate results 
of the velocity of sound yet obtained. 

There is also a chapter describing some experiments made in 
a section of the new Sudbury River Conduit to test the effect 
of a very great variation of pitch upon the velocity of sound ; 
and a final chapter describing a method to be used in the study 
of the effects of barometric pressure and ~ state of 
the atmosphere on the velocity of sound. 

DEPARTMENT OF SCIENCE AND LITERATURE, 

Australian Colonies of Great Britain. Abstract by the author~ 
Chas. A. Sawyer. 

Under the above title are included the following: :New South 
Wales, Victoria, Tasmania, :New Zealand, Queensland, South 
Australia, Western Australia~ Fiii Islands. 

Occupying, as they do, a position second only in importance 
to that of India, the colonies of Great Britain in Australasia 
demand something more than a merely general treatment as a 
group. In this thesi~ therefore I have entered somewhat into 
the details of each coloi W in its relation to the others of the 
group, paying also particular attention to their relations, com- 
mercial and political, with the mother country, and not only as 
a group but individually. In order to do this to better advan- 
tage and to systematize the treatment of the subject as much 
as possible~ I have divided it into two parts as follows. In the 
first part I have briefly sketched the general and more impor- 
tant points in connection with the early discovery and history 
of Australia, this being common to all the colonies of the group, 
:New Zealand alone excepted ; I have also indicated their pres- 
ent relative positions as regards commerce, industry, and gen- 
eral prosperity~ and verified my statements as far as possible by 
means of statistics and quotations fi'om books and papers of au- 
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thentlc publication. This part of the subject is treated under 
the following heads: History and Discovery; Climate and 
Physical Features; the Natives; Government, including the 
colonial system of land tenures; Trade, Commerce and Indus- 
try. Ill the preparation of the pages devoted to this first part 
the following authorities were consulted : 

"Australia and :New Zealand," (3 Vols.), by A. Troll,)pe. 
"Australia," by Win. Westgarth. 
"Discovery and Exploration of Australia," (2 Vols.), by 

Rev. J. E. T. Woods. 
"Life and Growth of Language," by Whitney. 
" Queensland; Australia," by Rev. J. D. Lang. 
" Colonial Constitutions," by Sir Edwd. Creasy. 
Stateman's Year Book (1876), by Martin. 
Edinburgh Review (1865). 
In the second part I have taken up the colonies separately in 

the order of their commercial importance, and entered into a 
more detailed account of" each and with special reference to its 
commercial relations with others of the group and Great Britain. 

New South Wales, though at present occupying a second 
place in the list as thus arranged, is 'he oldest and parent col- 
ony of all those that have grown up about her, and for this 
reason therefore I have given her the preference to Victoria 
in the order of thek' treatment. Comparisons of the colonies 
have been made, under the different heads into which the treat- 
ment of each is divided, in order better to show the kinds of 
industry, agricultural, pastoral or manufacturing, characteristic 
of it, and to which the natural resources of each seem best 
adapted. The divisions under each colony are as follows: 

Area ; Discovery and History ; Climate ; Geology and Min- 
ing; Natural History; Laws and Government; Population; 
Education and Religion; Revenue and Expenditure; Trade 
and Commerce ; General Items. The same scheme is not fol- 
lowed in the treatment of each colony, however, though varying 
but slightly throughout the list, one topic being necessarily in- 
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cluded perhaps in another and not requiring a separate discus- 
sion or admitting of it in some cases. 

Statistics have been given the preference to mori~ interesting 
facts in connection with the histol T and present condition of 
the colonies, of which many have been reluctantly passed over 
and omitted. More space has been devoted to Victoria as the 
most important, mad less space to Western Australia as the 
least important, of the colonies of the group. 

The authorities referred to in this division of the subject in- 
elude those already mentioned together with the following: 
Accounts and Papers of the Colonial Government, 1852-3; 
Greater Britain, by C. W. Dilke; What we saw in Australia 
(1875) ; The colony of Victoria, by Wm. Westgarth ; Victoria 
and Tasmania by Trollope ; Dublin Univ. Magazine, Jan. 1876 ; 
Journal of the Statistical Society, Dec. 1875; Goldfields of 
Victoria, by R. Brough Smith ; Victoria and the Australian 
Gold mines, by Westgarth. 

DEPARTMENT OF PHILOSOPHY. 

Concerning Kant's Transcendental ./Esthetic. Abstract by the 
author, 3). IV:. Phipp,. 

I. 

EXPOSITION OF K&NT~S IDEA OF A CRITIQUE OF T H E  PURE 

REASON. 

1. Mutually independent Mind and Thing assumed. 
2. The assumed hypothesis (to be proved)that the quali- 

ties of the object pertain only to the Mind. 
3. In consequence of the assumed duality of Mind and 

Thing; together with the apparent element o3 universality in 
experience, the theory arises that 

(a).  There are two sources of knowledge, viz., Sense and 
Understanding. 

(b). And hence the problen of the Critique: How are syn- 
thetica!~ judgments possible a Triori ? 
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4. Tile Sense-cognition, as distinguished fi'om the cognition 
of the Understanding, has an element which is contributed by 
the spontaneity of the Mind ; hence, 

5. The necessity of a Transcendental tEsthetic; which is 
a critique of the spontaneity in the sense-object, as distinguished 
from the spontaneity of the Understanding; the critique of the 
latter being named Transcendental Logic. 

6. What we sh'all expect Kant to prove in the 2Esthetic, in 
view of the foregoiog notion of its purpose. 

II. 

R E M A R K S  CONCERNING- T H E  P L A N  OF T H E  ~ESTHI=:TIC ; AND NO-. 

T ICE OF SOME OF ITS DEFECTS.  

III. 

AN A T T E M P T  TO R E S T A T E  T.I-IE ~ESTHETIC SO AS TO AVOID SOME 

OF T H E  I~IOTICED DEFECTS.  

1. Definitions : Sense ; Intuitions : pure, empirical, exter- 
nal and internal; Phenomenon; Sensation, Space and Time; 
Matter, Form. 

2. The 2Esthetlc a critique of Space and Time. 
. (a) .  Space and Time to be explained Metaphysically and 

Transcendentally. 
3. Metaphysical Exposition : 
(a) .  What a Metaphysical e,xposition is, 
(5). Space and Time are not general concepts. 
(c). They are not concepts of any sort ; and as an intuition 

can be given by a single object only, so Space and Time are like 
intuitions, for riley are each only one. 

(d).  Space and Time give rise to synthetical propositions a 
priori; but a conception contains only a unity of certain marks 
or characteristics, which may be discovered by analysis, and 
does not contain anything beyond those marks ; hence a concep- 
tion cannot give synthetical propositions a priori; hence Space 
and Time are not conceptions; hence they must be intuitions. 
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4. TJ'ansce~,dental Exposition : 
(a) .  What  a transcendental exposition is. 
(b)~ What "transcendental" means. 
(c) .  An object cannot be cognized as extended and endur- 

ing unless there be the representation a priori of Space and 
Time, in which the object may extend or endure. 

5. The exposition of Space as a representation a priori, 
makes possible the conception of mathematics as a synthetical 
science a prio~'i. And motion, the change of place of an ex- 
tended object in Time, can be understood, and explained a priori, 
only on the ground of the representation a prlo~'i of Space and 
Time. 

6. Conclusions : 

(a) .  Space and Time are subjective, only, but universal. 
(5). Sensation is subjectiv% only, but singular. 
7. Elucidation : 

(a) .  Change is real for us. 
(b). Space and Time are only elements of a Transcendental 

,;Esthetic. 
8. The bearing of the completed xEsthetic upon the solu- 

tion of the main qnestion.: How are synthetical judgments 
possible a priori ? 

IV. 

QUERIES. 

1. How did Kant discover that the Sense-object was occas- 
ioned by the thing-in-itself ? 

2. Has he proved that Space and Time are a pr ior i ;  that is, 
universal and necessary, but independent of' sensation ? 

3. Has he proved that Space and Time are intuitions ? 
4. If  Space and Time are independent knowledge of one sort, 

and Sensation is independent knowledge of another sort, how can 
the two sorts be united ? 

5. Is the so-called a priori from the human reason or from 
Reason ? that is, do we not know the Absolute ? 

J 
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6. Has Kant's theory of cognition provided for Transcen- 

dental reflection ? 

Historical and Logical Relations between Fichte and Kant. Ab- 
stract by the author, R. C. Ware. 

Fichte's adoption of the philosophic standpoint of the abso- 
lute validity of reason, through his researches in theology. 
His adoption of a fatalistic determinism. His subsequent con- 
viction of the freedom of the will by Kant's new theory :~aat 
the nature of liberty is subjective. Fitche's hearty acceptance 
of Kant's doctrine. Fitche's visit to Kant. The " Critique of 
all Revelation," an application of the -Critical" Principle. 
Development of Fichtianism by reflection on the contradiction 
of Kant. Development of the theory of intellectual intuition 
by reflection on the implications of the" Transcendental Logic." 
Derivation of the Ego as ground of the uuiverse~ and of the one 
fundamental principle of tlmught (the Principle of Identity)~ 
from Kant's "Synthetical Unity of Apperception." Develop- 
ment of Fichte's theory that will is a necessary part of real 
thought, out of the adoption of Kant's practical philosophy. 
The real character of the revolution wrought by Kant in 

philosophy. 



T H E  R U S S I A N  S Y S T E M  OF S H O P  W O R K  

I N S T R U C T I O N .  

To the Corporation of  the .Mass. Institute of  Tech~zology : 

G~NrLE~EX : - - I t  must be admitted that technological educa- 
tion is still in the experimental state. The methods in use, even 
in our primary schools, do not p:)ss unquestioned, and upon the 
best methods of teaching the ancient languages, and the pure 
mathematics, subjects which have constituted the m:dn elements 
in all high and generous culture for ages, the most learned doctors 
disagree. We could hardly expect, then, that the best methods of 
teaching the modern sciences should already have been found; 
and particularly the best way of working them out pr'mtically in 
the industrial arts. Ten years ago, when the courses in this Insti- 
tute began, some valuable experience in teaching science had beeu 
gained. It  had been found that simpla text-book instruction in 
Chelnistry, unaccompanied by corresponding laboratory work by 
the pupil, was comparatively useless; that a small professional 
laboratol~y, while good for an adv'mced spedalist, was no place for 
a beginner; and, in short, it was too expensive to teach each pupil 
singly. Hence there had grown up, as a necessity, large and well 
ala'anged laboratories, especially adapted to the instruction of 

pupils in as large classes or sections as one or tnore teachers 
could instruct well at the same time. This step of teaching 
laboratory work to large classes of pupils, and all in about the 
same state of progress, was found to be most economical tbr 
both parties, and the only system by which this element of in= 
struction could be maiutaitmd wi~h a large number of pupils. I t  
has also been found by experience that general che,nistry, quanti- 
tative and qualitative analysis, and the wu'ious departments of 
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applied chcrllistry, can best be taught in laboratories adapted to 
each. Such are the steps which have been taught us by experience 
in a single department. But unfortunately, in hardly another de- 
partment have we the s:lme experience, and an equally well defined 
and systematic method of instruction. In architecture, in labora- 
tory instruction in physics as a part of the required com se of each 
candidate for a degree, in the mining and metallurgical laboratories 
for the working of ores. in quantities, and in the labor'ltory for 
teaching the nature and use of steam, this Institute has the honor 
of havit~g led the way. But in these cases each year's experience 
serves to suggest improvements in details, which add materially 
to the amount and quality of the work done. 

While we h'rve been gaining experience in tIiese directions, 
other technical schools have also been working out, more or less 
fully, other l>hases of the same great educational problem upon 
whictl we "ire all engaged; each doing its work under such limita- 
tions and conditions, and in such main directions, as its location 
and other controlling circumstances have dictated. Each, there- 
fore, owing to a great extent to these varying circumstances and 
conditions, has its lesson to teach to all the others; and it was 
with the expectation that the opportunity of learning some of 
these lessons would oflbr, that our Professors and Students nmde 
their recent visit to the Internation:d Centennial Exhibition at 
Philadelphia. 

The Act of Congress of 1862, giving lands to the States ibr 
educ'~tion'll purposes, while not excluding other subjects, laid par- 
ticular stress upon the two great industries upon which the well- 
being of any great community must al~vays mainly depend, agri- 
culture and the mechanic al~s. While all the sciences having a 
direct application to these arts should be taught, there can be no 
doubt that it was also the intention that the arts themselves should 
be taught in the most practical and fimdamental way; and accord- 
ingly, we find flu'ms in several of the States, used in one or two 
cases, simply as experimental stations, but in nmst cases conducted 
as model ihrms, and depending to a considerable extent upon the 
labor of the student, which is regarded as instruction, and is made 
a required part of the curriculum of the course in agriculture. 



126 

In like manner many of these schools have ah.eady established 
shops for the instruction of their students in the nmelmnic arts. 

As this Institute was selected by the State to represent the 
mechanic arts, for wlfich we receive one-third of the income de- 
rived fi'om the nation'fl gr'mt, we have watched the experiments 
in this department, which the various schools have been making 
with the deepest interest; believing, th'tt the time would come, 
when the best solution would be reached, and trusting that when 
it was reached we should be in a condition to take advantage of 
the experience. In the meantime the steam laboratory is all we 
have been able to fimfish of a practical character to our students 
in mechanical engineering, beyond what could be gained by a 
good locality for manufimturing, and the particular kindness of 
the directors. 

We went to Philadelphia, therefore, earnestly seeking for light 
in this as well as in :ill other directions, and this sl)ecial report is 
:~mw nmde to ask your attention to a fimd'mlentai, and, as I think, 
complete solution of this most important problem of practical 
mechanism for engineers. The question is simply t h i s - - C a n  a 
system of shop-work instruction be devised of sufficient range and 
quality, which will not consmne more time than ought to be 
spared fi'om the indispens'lble studies'? 

This question has been answered triumphantly in the affirma- 
tive, and the answer conms fi'om Russia. I t  gives me the greatest 
pleasure to call your ~tent ion to the exhibit made by the Imperial 
Teclmical Schools of St. Petersburg and )Ioscow, consisting en- 
tirely of collections of tools, and samples of shop-work by stu- 
dents, illustrating the system which has made these magnificent 
results possible. 

In all constructions a certain lin~,ited number of typical forms 
are found, these ibrms being more or less modified, to adapt them 
to special constructions. These forms will also iltll into groups 
each to be worked out in a certain way and with special tools. If; 
then, the student can be taught to work out these fbrms, each in 
the best way, and with the tools best adapted to the work, he will 
be ihr advanced in the skill which will make him available and 
useful in construction. The ideals involved in the system are, first, 
to entirely separate the instructio~ shops from the construction 
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shops ; second, to do each kind of work in its own shop; third, to 
equip each shop with as re.my l)iaees and sets of tools, and thus 
accommodate as many pul)ils , qs :~ tettcher can instruct at the 
s'ime time; and tburOI, to gra(ht:tte the samples to be made in 
each shop according to some scale, that of difficulty being proba- 
bly the best in l)ractiee. In short, in these l~reliminary instruction 
shops, tile arts, which find their applications in construction, a r e  

systematically taught. 
I t  will be seen, then, tlmt the problem thus flu" is simply one of 

systematic instructlon~ given by 'm expert in each shop, and hav- 
ing the same end in view as instruction in "my other stibject or 
department. Tim aim is to give sufficient skill in e'lch slJeeialty in 
the shortest possible time, ~:ud to give the instruction to "Is many 
at the same time as the teacher can well inst:ruct, thus securing 
the greatest economy of timg and tlmrcibrc money, to both 
teacher and pupil. Ai~er the student has finished his course in 
the several instruction shops, he may then be transthrred to a 
construction shop, which may still be used simply tbr instruction 
as in the St. Petersburg school, no orders being t:~ken, and all 
constructions being made simply to gL~e variety to the instruc- 
tion; the machines and tools made being sold at the cad of the 
year if wanted. 

Or he may be transferred to a construction shop, which takes 
orders and depends largely upon the work of tile pupils, as at the 
Moscow school, the coustruction shops being in each case owned 
and controlled by the school. 

With this preliminary exposition, I propose now to ask your 
attention to details, mainly in commction with the st'~tements 
which these schools make in explanation of their exhibits at Phil- 
adelphi'l. 

And first, the statement of the St. Petersburg school: 

"The  Practical Technological Institute of St. Petersburg is one 
of the highest technical schools now existing in Russia, and has 
capacity tbr five hundred students. I t  is divided into two depart- 
ments; Mech:mical and Chemical. 

The 5Iechanic'd Department prepares technical men for the 
management of mechafiical work-hops, and of the rolling stock on 
railroads. Owing to this the Mechanical Department is divided 
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into two speei'd sections; one of then1 graduates engineers for the 
workshops, and tile other tbr the raih'o'lds. 

Betbre enterin,_, tile Institute as student tile young man must be 
graduated ili one%f tile mMdle schools (gymnasitlms), and must 
undergo a competitive ex.uuination. 

The whole course of instruction in each department of the In- 
stitute is .wranged ibr five years, and is divided into five yearly 
c o u r s e s .  

In tile Meeh'ufical Department the course of instruction ill- 
eludes: Mathenmtic'd analysis, natur:d I,hilosoldly, theoretical and 
pr.mtieal mechanics, mechanic:ll technology, the art of construe. 
tion, and the art of nmeh'mie;d drawing. Besides this, a lvWt of 
the time is employed by tile students in manual labor in v'u'ious 
worksholJs and mills belonging to the Institute. 

During tile full five years of the course of studies, six hundred 
and tbrty-eight hours are devoted to the manual labor in work- 
shops. ~Fht~'e the students, under the management of experienced 
masters, begin to exercise ill the most simple works, gradually 
p:issing to more complicated, and at last finishing with construe- 
tion and joining of :dl the parts of an engine. 

The collection of practical works exhibited in the Machinery 
Hall by the Institute is composed of articles manufitetured by tile 
students during the year 1875, "rod represents the systematical 
course of practical studies adopted by tile Institute. 

:l'he system introduced with this purpose is as fi, ilows: The 
practical studies are divided into three courses; tbr the first course 
eadl student is iudueed to work with a chisel and file upon the 
east-iron, performing six consecutive tasks exhibited under the 
:No. I. of the collection. 

For the second course tile students begin by working upon 
wrought-iron, thlfilling nineteen consecutive t'lsks represented 
under the No. II. of the collections. Thereafter tlley are removed 
to the fitti,g shops, where they are obliged to perform fifteen 
tasks, exhibited under the :No. IIl .  of the collection, occupying 
themselves with turning, cutting screw-threads and soldering. 

The last course is intended for the construction and joi~fing of 
different engines. Tile samples of machine tools built by the 
students of this course are exhibited uuder the :No. IV. of tim 
collection." 

I am indebted to Dr. August Peters, Mechanical Engineer, and 
Director of the shops of this school, for the following details: ThQ 
flier's shop, No. I, has about sixty places, each fitted with a vise, 
and the tools necessary to do the work of the course. The forg- 
ing shop, No. II, is fitted with ten places, ',and the turning shop, 

I 
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:No. III, with sixteen places, the students working in these shops 
in alternating sections. TILe lathes are all run by tile thor, and 
the only power used in any of these instruction shops is for the 
blast in the tbrging slmp, which each student takes ti'om tile nmin 
pipe. Even here power could easily be dispensed with by attach- 
lug a hand blast to each forge. TILe shop work, which, it will be 
noticed, takes but six hundred and tbrty-eight hours tbr the tbur 
courses, is obligatory, and graduates are able to construct their 
own designs with their own hands. 

The quality and variety of the work exhibited, and all done by 
the students during tile year 1875, furnish the very highest evi- 
dence of the value and entire success of tile system. 

And second, I beg you to particularly notice tile able and in- 
structive presentation of this important subject by Victor Dell't- 
Voss, Director of tile Iml)eri'd Technical School of Moscow, 
together with a brief preliminary statement of the general features 
of the school. I am indebted to Professol~ Aeschlimann and 
Petrofl; the gentlemen in charge of this exhibit, for polite at- 
tentions. 

"Tile Imperial Technical School of Moscow is a high class 
Special School, principally intended for tile education of Mechan- 
ical Constructer~ Mechanical Engineers and Technical Engineers. 

Tile School consists of two division~ general and special, each 
of wlSch has a com'se of three years. The special division is 
divided into three branches: Mechanical Construction, Mechanical 
Engineering and Technological Engineering. 

T h e  three years' course of the general division embraces the 
~l~OWlng subjects: Religion, Free H'md and Linear Drawing, 
T, coeriptive Geometry, General.Physics, Zoology, Botany, ]~[iner- 
�9 dogy, Chemistry, Geodesy, Analytical Geometry, Higher Algebra, 
Diflhl'ential and Integral Calculus, General Mechanics, Dra~:[ng of 
:Machine-parts, the French and'German Languages, i. e, all Scien- 
tific subjects, the pre~ious knowledge of which is required fi'om 
tile pupils of all the three following branches. 
. In the special department, the three yearn' COUlee of the three 
m:ancl?es contains the following subjects: Organic and Analytical 
Wb.emLstry, Metallurgy, Practical Physics, Mechanical and Chemi- 
cal Techuology, Technics of Wood and Metals, Analytical Me- 
chanics, Construction of Machines, Practical Mechanics, Railway 
Construction, Engineering and Constructive Al~, Projecting and 
~:stnnatmg of Machines, Works and Mills, Industrial Statistics, 
and Book-keeping. 

9 
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Every one of the appointed sciences !S taught fully, or in a con- 
densed form, according as it is considered a thnd:mmntal or collat- 
eral subject of tile given branch. The students of all tile classes 
are occupied during a stated time in practical work ill the labora- 
tories and mechanical workshops. 

The School has also a preparatory division, of three classes, with 
the same curricuhnn as the higher classes of commercial schools, 
and is intended for such pupils as, by any reason whatever, have 
not been enabled to pass tlirough tile full course of tile commercial 
or of the classical schools. 

Admission into the School as boarder or day scholar is obtained 
by competitive examination, in accordance with the ordained 
programme. 

Pupils who have passed through the full school course of tile 
Gymnasiums may be admitted without thrther examination to tile 
lectm'es of tile second gener'd class of the Sehooi, but pupils of 
the last class of the Gymnasiums, who have not passed their final 
examination, are admitted only to the first general class of tile 
School. 

The tmDils wear the appointed half-military uniform. . 
Pu)iis who have obtained in the school the appointed grades, 

receive acknowledged rights in the service of the government. 
The School is maintained by fimds fi'om the following sources: 

percentage on fimded capital, ~ fees of priwtte bo.mters and foreign 
hearers, and profits received fi'om the Mechanical Works. 

The annual receipts of the School amount to 160,000 dollars. 
" ~ expenses " ,, ,, " 140,000 " 

The Technical School is under tlle immediate patronage of 
Their Imperial Majesties. 

Auxiliaries to Instruction. The School possesses a special 
library, containing more than six thousand volumes of works on 
specialties, a cabinet of physics, two chemical laboratories, a cab- 
inet of mechanical models, a cabinet of natm'al history, extensive 
mechanical works with separate smithy and foundry, and also 
school work-shops. 

Almost the whole of the collections exhibited by the School at 
the exhibition at" Philadelpilia, are immediately connected with 
the school workshops, and we shall therefore endeavor to give a 
few details concerning the latter. 

No one will deny that a close acquaintance with hand labor, 
and, in ge:~eral, practical experience in mecb~nieal ~ orks, are mat- 
ters of the ~tmost importance to every engineer. 2 The drawings 
of an engineer thus trained will always be distinguished by solid- 
ity and that practical judgment, which is the result not only of 
the study of scientific "truths, but also of the acquirement of a 

1 The School capital  amounts  to about  2,030,000 dollars.  
W e  speak here  of  }Ieehanical  Engineers  anti Constructer~. 
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certain familiarity in their application to practice. That the 
knowledge of hand labor is of extreme importance to a young 
man devoting himself to technical activity, and that it is consid- 
ered all absolute necessity to him, we arc convinced by the circum- 
stance that the greater nu:nber of the polytechnical schools of 
wester.n Europe demand fi'om the students who enter them either 
a previous stay, of a certain duration, at some works of industry, 
or issue to them a diploma, attesting their accomplishnmnt of the 
course, after they are in position to show that they h'|ve been 
occupied practically for a definite period at some such works on 
their leaving the school. 

I f  we contemplate the matter itself more profoundly, and ac- 
quaint oumelves more closely with the ci|'cun|stanees of the prac- 
titian at private works and mills, we must, disre~ardin,, excel). 
tional cases, since it is not those which form the rule, arriv~e at tlie 
sad conclusi u that a young man, desi|'in~ to acquire practic.d 
experience in a shoi't time, and withoug the.~ aid of an experienced 
guide, l~.-cs, :~t. private works, nine-tenths of his whole time en- 
tirel.~ l~ ..f~t:lbly. As we are at present addressing persons well 
:~cquainte~. with this mattel; we do not consider it necessa|T to 
bring forwar{~ ~guments in support of our statement. The prac- 
tical informa+i, j, acquired in works by a young man before enter- 
m g a  pntytecMlical school, is very inconsiderable, and therefore 
does no~ pos~{,ss the desired significance. 

Such inIbrmation is, on account of its defectiveness, of little 
assistance in promoting the study at school of Practical ]~[echan. 
ics, the construction of machines or the drawing up of plans and 
estimates for mills and works. 

A young man on leaving a polytechnical school should endeavor 
to carry on his practical education; should fix upon some mill or 
works in which, being, in the majority of cases, of course, left to 
his own initiative, he 'nay find place and opportunity for his ihr- 
ther self-education. - 

At this nmment, so critical in the career of the youthful engi- 
neer, the insufficiency of material resources is the cause that the 
majority take service, at a very  low rate of remuneration, as 
draughtsmen in the drawing office of mechanical works, or in the d::l:~:~gntffi:e~u~ others mol'e fortunate enter 

'" " q ' " Y ,' " " ; even they are hardly to be 
envied, simply from the fact that in the majol~ty of cases the 
specialty of the first works, which they happen to enter, becomes 
their own specialty through life. An experienced observer will 
find no difficulty in perceiving all the inconveniences to a techni- 
cal education, ~ hicl/m~se as the result of such an order of things. 
Let us explain this by examples. A young man, having received 
thorough scientific preparation in a pol)technical school, has en- 
tered as artizan practician some extensive joiner works, mid in a 
year or two begins to serve in the capacity of a workman, receiv- 
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t h e  works  If, fi.om any c i r cums tance  w h a t e v e r ,  lie 
inr a f rom . " ". �9 eek  ano t imr  
b~oPnYs d e p r i v e d  o f  his  place,  he  f inds i t  nccessal  y to  s . . 

�9 . .  "other works ,  or  else to  e n t e r  aga in  as pract ic ian m 
in a s imd.u  J . �9 " i o the l  ~ o l k s  
a n o t h e r  specia l ty ,  for ins tance ,  "i l ocomot ive ,  b o d e r  o '  " ' '" �9 

e ; ia l  resom'ces  o f  young m e n  prec lude ,  in t he  ina jo r i ty  o f  
T h e  m a t  �9 �9 . . . . . . . . . .  ~'- a - - : d i n o  on t h e  l a t t e r  a l t e r n a t i v e . .  

�9 $ S l D I l I t  O I  t n l $ 1 l  u ~ t g l  .~ t 
cases, t i m  ~)o -Y~" . . . .  ors of  Pol ,~teehnical  Schools  should  t a k e  

I f  t he  o b s e r v a n t  lyirt:t;~ .7. . - �9 - . , �9 
upon  t h e m s c h ' e s  the  w o r k  o f  fo l lowing  t he  indus t r i a l  cat eel ox 
t h e  contin_oent o f  the i r  pupils ,  w h o  on  !cqving  scho: le l ) ) te ' i , l  a 
d r a w i n #  o flee, t h e  w o u l d  easily pe rce ive  fl int  those  yo  ~ 1 1 

m "trem y d i m c u l t y  w h e n  t h e y  are once  e n g a g e d  the] 'e 
e x p e r m n c e  ex . .. - �9 - ~  . . . .  o ~ a ~ . i t v  o f  c l i s g 2 s  r e l n a l l l  

in  l e a v i n g  sucl~ an orate ,  ann  m tnc  ;n . j  . . . .  : ~- 
d r a u g h t s m e n  all the i r  lives�9 In  such offices a y o u n g  m a n  acqmres  
b u t  v e r y  incons iderab le  technica l  in tbrmat ion ,  ne i t he r  can t h e y  in  
any  way  serve  h i m  as pract ica l  schools  tbr his  f in ' ther  self- instruc- 
t ion.  A n d  w e  m u s t  h e r e  observe,  also, t h a t  t he  more  e x t e n s i v e  
t h e  works ,  and  c o n s e q u e n t l y  the  d r a w i n g  office a t t ached ,  t he  f ewer  

�9 �9 �9 ~ b �9 

do  w i t h  an i n s t i t u u o n  " ~ ' 
t ial  pr inciple ,  wi l l  n o t  a d m i t  of  h is  b e c o m i n g  speedi ly  a cq.ua!nted 

�9 of  work. c , , n o t  b: , t  
w i t h  t h e  gene ra l  p: ~, . . . . . .  a . . . .  ~ , ~ i v e l v  a m m e a  m au ru'~;,~ 

f inci  )le h a v i n g  become  la~L~-y -~--~:~::~,1 "h,, i~,ina cons iderab le  P--l-.1-q-..a - - i l l s  t h o u o h  on  m e  on~ - . . . . . . .  < ~, _ " -. WorK~ a,,,, a. , ~ " . 1 e o t h e r  r . . . . . .  ~.a - , t van ta~es  to  t h e  proprmto is ,  has, o i t h .  , , _, .%1.any 
i'n~e'n'ceci"ti~e deep rec ia t i~  of  t he  leve l  o f  t e c n m c m  K m , , , , ~ u ~  
a m o n g  t h e  ~ -o rkmen ,  b y  conf in ing  t h a t  k n o w l e d g e  w i t h i n  t h e  

~]ow s ecialization.  \ l imi ts  o f  n a ' "  . P . . . . .  .1 . . . .  ,u--~, m e n  in  a lmos t  all t h e  
n ica l  e d u c a t i o n  a~oraet t  ~.. j - - - - v  " - �9 T h e  tect) . . . . . .  ,- ~ ....... leaves ,  t heo re t i ca l ly  speaking,  

P o l y t e c l m m a t  ~cnoom o~ . .-- . , , r  e �9 and  de-  
l i t t l e  t o  desi re ,  b u t  is e x c e e d i n g l y  imper fec t  pract ical ly ,  
m a n d s  t he  par t icu lar  a t t e n t i o n  o f  those  persons  w h o  are e n t r u s t e d  

such ins t ruc t ion .  
w i thhe  ecul iar  c i rcumstances ,  b y  w h i c h  t h e  y o u n g  Pt~P:ese~Vl~ ~ 

T . .P . . . . . . .  v +~.~ P o l v t o e h n i c u m s  m m  u ,~e 
l ~ n e  c o u r s t ~  u ~  v u ~  d . . . . .  h a v e  f in ished  . .. t_r^.  ^ ,~.-;,; .~,~,~ .ino upon  an act ive  llle, 

su r rounded ,  do  no t  a(lml~ oeloi  ~ ~ltCtt .,. .A ~ t . , ~ . 

, i r e m e n t  of  even  a supe~icml  g e n e r a |  pract ica l  e a u c a  
o f  t he  acqu . . . . . . . . .  :'-" o f  d e v o t i n a  all t he i r  ac t iv t ty  

�9 e t h e m  m the  necc~m~j v " �9 
tmn ,  b u t  plac~ ~__. ~ +~.~;~ leavin_~ school,  and  often t h e n  ~ ho le  
f r o m  m e  nrs~ nay  w ~- . . . .  ' ' an ' ow  s ecial tv.  T h e  a t t e n t i o n  of  t h e  D i r ec to r s  o f  
life, t o  a n ~ - " -  . . . . .  ~ ...... n to  thi,* and  a t t e m p t s  
r o l y t e e h n i c a l . S e h o o l s  n a s o ,  tenone? : :_3~; :"  o~m.  : eoDle  at  school  

I been  mace t O  I a l l l l | l a t ~ Z ~  J V r 
h a v e  ~equen t ) . y  , _ _ , .  o f  mechanics ,  b u t  all these  e n d e a v o r s  h a v e  
w i t h  t h e  p racuca t  wu , , ,  
p r o v e d  to  be  u n a t t e n d e d  wi th  success fi'om t h e  fo l lowing  reasons .  

1. The school workshops for the practical occupation of the students 
were constructed on very miniature and inconsiderable scale. 

antaof room in these workshops did not admit of 
The conse uent w . . . . . . . . . . .  : . . . .  d therefore their 

e l n  o c c u  l e ( [  a t  t i l e  ~ a m ~  u . . , ~  ~ n  2 .  all the ste~en ts la g P . . . . . . . . .  "~-:,.. - e nrofessors 
was not oblic, atory, wmm tne maju.,~: ..f th t- . " attendance ~' �9 �9 �9 h em lo .ment. 

and masters expressed their &sapprobatmn of sue p ~ , 
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3. There existed no systematical method of practical instruction in tile. 
workshops simihu' to that which had been applied to tile practical 
teaching in the chemical laboratories. 

4. The material resources assigned for the maintenance of tile school 
workshops were ver~" inadequate. 

5. Tile time allowed ~br the full course of study in the Polytechnieal 
Schools was insullicient to admit of the combination, in that course, 
of theoretical with practical instruction in technology. 

Though there have appeared some literary articles against the 
introduction of practical instruction with workshops into the 
higher technical schools, yet it is out" subjective opinion that those 
articles appeared only in defence of the existing order of tllings, 
and to justify' a certain lukewarmness in introducing advantageous 
measures, but no demonstration of the results of trial we~'e af- 
forded among the arguments against such a mode of instruction, 
for the simple reason that excepting feeble attempts, no serious 
experiments have been made. Even those atteml~tS themselves 
were made without :my particul:~r energy and due observativeness. 

We do not here take into calculation some of tile at present 
existing technical schools of France, which possess sufficiently 
extensive school workshops, ~ because those schools belong rather 
to the lower class teehnicM institutions, and do not give to the 
world meehanieM engineers and construeters, but only foremen 
(eontremaitres). 

The slight qcquaintance of learned technologists with practical 
work in mechanical workshops, entails the unfortunate consequence 
that in the greater number of even very extensive works tile prac- 
tical part remains in the hands of routined artizans who have 
received no scientific instruction, but who have attained their 
exceptional position by accustoming themselves during tile course 
of many years to the most obsolete methods of practice in the 
mechanical art. 

Seldom do the rays of science penetrate that unenlightened 
sphere of labor, and, meanwhile, it has so long demanded scientific 
guidance. 

The Imperial Technical School of Moscow, the course of which, 
fi'om the theoretical subjects taught therein, equals the course of 
many of the Polytechnical Schools of Western Europe, combines 
theoretical with practical education, and consequently is enabled 
to present real proofs of the possibility and advantageousness of 
such combination, since the trial of this combination has been 
made on an extensive scale, and during a considerable length of 
tinm. 

Every thin~ that we have exhibited at the international exhibi- 
tion relates exclusively to this, in our opinion, important question, 
and was exhibited in the desire of sharing with specialists in the 

~These  a t e  t h e  schools of Chalons, Aix and Angers. 
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work of technical education ill the ~Tew World, all those results 
which have been attained by tile School ill tile independent inves- 
tigation of this special question. , 

For the practical education of ~ oung men in the two branches,-- 
mechanic'd engineers and mechanic:d eonstructers~--the school 
possesses large mechanical works with hired workmen, accel)ting 
and carrying out orders from private individual~ and on a com- 
mercial "footing, for 1he construction of steam engines, working 
engines, l)umps, transmissions, agricultural machines, e tc :  

The works consist of the tbllowin, g shops'. Joiners' shop, Engi- 
neers' shop, Erectors' shop, P.unters' shop, a large Forge with 
steam h.unmer and tim blast, iron tbundry with furnace tbr 3000 
kilogv, of metal, and brass tbundry ; the works have also a drawing- 
office and counting-house attached to them. 

A steam engine of thirty horse-power is used for tlle working of 
the place, whfie the foundry with tim blast and coal ,)ulveriz[ng- 
mill are xs orked by an en~ne of ten boise-power. 
,. The works are under the management of the head mechanical 
engineer (vacaht) and his assistant, Platonoif, mechanical engineer. 

~'he drawing-office is in the charge of Petroff, mechanie'd engi- 
neer. All the~ persons have passed through the course 
of our school. 

These works being within the walls of the institution itself, and 
managed by well-instructed technologists, would be of important 
assistance in the instruction of young people, even if the young 
people took no active pal~ in tile practical working of them. 

But in order that the pupils may derive the .greatest possible 
advantage from such auxiliaries, the school possesses, apart from 
the mechanical works, and intended solely for the use of the pu- 
pils, school workshops: joiners' shop with tm'ning lathe, pattern 
shop, metal turning, fitters' shop, smithy and moulding shop. 

Every one of these shops is under the management of a tech- 
nologist - -  specialist, 8 or of a skilled workman, and their duty is 
to instruct the pupils in the rudiments of mechanical labor. 

Every young man becomes acquainted, by fulfilling the obliga- 
tory programme, with all the work of mechanical art, namely: 
turning, fitting, carpentering and forging, in the school workshops, 
and only then is admitted to the mechanical works. 

We  shall endeavor to speak further, on the system of teaching 
the arts in the mechanical workshops of the school. 

Up to the present time throughout the world, tile workmen at 
industrial works and mills are usually self-taught. Any one who 

1 Young men studying the  technological  engineering branch are  admi t ted  to the labora-  
tories instead of  the  mechanica l  workshops.  

2 These works execute pr ivate  orders  to the sum of  f rom 35,000 to 46,000 dol lars  
annual ly .  

3 The wood turners '  shop is in charge of Mr. Ade lmann ,  the  smithy - -  Mr. Bouroff, car- 
p e n t e r s ' -  Mr. Miehaeloff, meta l  t u r n e r s ' - - M r .  Markoff, m o u l d e r s ' - - M r .  Koumenius,  and 
the fittera' shop- -Mr .  Sovetkinp mechanical  engineer.  
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has himself been employed at works, and is fluniliar with tile daily 
life ot' the workman in tile different countries, m'ast have perceived 
that the acquirement of knowledge and skill ill any trade is to him 
a process much similar to the loll'owing : 't boy of thirteen or ibm'- 
teen years of age having entered a mechanical works to learn his 
tratte, is put during the first few years, to work of an entirely un- 
productive kind, and which has not the slightest relation to tech- 
nics. He is made to carry watel; sweep the worksholp, crush 
emery, grind colors, etc. Only after the lal)se of a few years, and 
probably, thanks to accidental circumstances, a chisel or a file is 
put into the hands of the youth, and he is set to perform the 
rudest and simplest kind of work. 

Then, also, if he h:q)l)en to have neither father nor brother 
among the workmen around him, he begins learning his trade 
without a guiding hand, and thus commences acquiring practical 
knowled_~d~and skill in his trade by observing those about him in 
the work~shop, and by his own tho'ught and calculation, and im- 
pelled by the sole desire of attaining m as short a space of time 
as possible the position of a paid hand in the works. There can 
be no doubt that under such circumstance the acquirement of 
skill by the new generation of workmen takes place in an ex- 
tremely irrational manner, and without any system; the amount, 
of knowledge obtained depends upon accident, and the time thus 
employed is of disproportionate length. Besides this, there is yet 
another inconvenience, namely, that of specializing labor to too 
fi'actional a degree. The young workman, placed accidentally 
either to a drilling" or planing machine, or a self-acting lathe, en- 
deavors to remain as long as possible at his machine, encountering, 
it will be understood, no objection on the part of the heads of the 
workshops, since such specialization of labor redounds to the 
advantage of the proprietors, owing to the abimdance of hands. 

This order of things has the deplorable result, that notwith- 
standing the long continued ss of the young workmen a t  
mechanical works, and which is sometimes prolonged through the 
major part of the years of their manhood, ;veil-taught and skilled 
fitters are ahnost everywhere rarely to be met with. This will be 
confirmed by all those constructers who demand skilled labor for 
the erection of models, and of the more or less delicately con- 
structed instruments, machines and apparatus. 

During the past few years endeavors have been ~ontinually 
made to open schools for the instruction of the workmen at all 
works of any considerable extent. The subjects taught in these 
schools are fi'ee hand and linear drawing, arithmetic, and many 
others, in the supposition that practical knowledge of works will 
be acquired in the works themselves. 

From this it is impossible to conclude otherwise than that soci- 
ety, while taking measures to civilize the working classes, gives, at 
the same time, no attention whatever to the manner in which the 
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youn~ workmen acquire practical experience in their trades at the 
,,,.t,~. ,~n endeavors have been made in that resl)ect, and, mean- 
i'~ile,'as'is our'subject'ive opinion, tile question is worthy of par- 

ticular attention. 
Tile conclusion, however, forces itself upon us that this question 

can hardly be entered into until the young well-t'mght technolo- 
gistr leaving Po!vtechnical Schools, shall themselves possess ra- 
tional experience'in practical hand labor. In order that their 
education as specialists shall be full .,ud ample, such knowledge is 
indispensable in the highest degree, though until the present time, 
it h'ts unfortunately presented a prominent deficiency in their in- 
struction. Who will not admit that the knowledge of the manner 
of executin_~ given work is a necessity to one who has to issue the 
project of s~tch work ? 

Actin_~ on the principle that mechanical engineers and mechani- 
cal con~ructers, whose future activity will be devote(l, pre- 
eminently to mechanical works, should have practical experience 
in the mechanical arts, the imperial Technical School has em- 
ployed every necessary measure for the solution of this difficulty 
in the best possible manner. 

In 1868 the School council considered it indispensable, in order 
to secure the systematical teaching of elementary practical work, 
as well as for the more convenient supervision of the pupils while 
practically employed, to separate entirely the school ~orkshops 
from the mechanical works in which the orders from pri~ ate indi- 
viduals are executed, admitting pupils to the latter only when they 
have perfectly acquired the principles of practical labor. 

By the separation alone of the school workshops from the 
mechanical works, the principal aim was, howe~ or, fat' from being 
attained; it was found necessary to work out such a method of 
teaching the elementary principles of mechanical art as, firstly, 
should demand the least possible length of time for their acquire- 
ment;  secondly, should increase the i~acility of the supervision of 
the gradationary employment of the pupils; thirdly, should im- 
part to the study itself of practical work the character of a sound, 
systematical acquirement of knowledge, and fourthly, and lastly, 
as should facilitate the demonstration of the progress of every 
pupil at every stated time. Everybody is well aware that the 
successful study of any art whatsoever, fi'ee hand or linear draw- 
ing, music, s luing,  painting, etc., is only attainable when the first 
attempts at any of them are strictly subject to the laws of grada- 
tion and successiveness, when every student adheres to a definite 
method or school, surmounting, little by little, and by certain 
degrees, the difficulties to be encountered. 

All those arts, which we have just named, possess a method of 
study ~yhich has been well worked out and defined, because, since 
they have long constituted a part of the educ'~tion of the well- 
instructed classes of people, they could not but become subject to 
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scientific anal~'sis, could not but become tile objects of investiga- 
tion, with a vmw of defining those conditions which might render 
tile study of them as easy and regulated as possible. 

This, however, cannot relate to those arts which h'tve been hith- 
erto pre-eminently fifllowed by the common and imperfectly 
e(luc'tted class of workpeople, but a knowledge of which appears 
at the present moment, to be of importance to the educated tech- 
nologist. 

These arts are: wood-turning, carpentering, metal-turning, fit- 
ting and forging. From what we have ah'eady said, it will not be 
dit~cult to ~rrive at the reason of the absence of a strictly system- 
atic'd method tbr tire study of them, not" why the active working 
out of such :t method, without the aid of enlightened minds, may 
long renmin deferred. 

~eanwhile the necessity of such a method, more particularly for 
technical educ'ltional establishments, admits not of the slightest 
doubt, and the filling-up of this want promises evident advan- 
tages, not only in the matter of scientific technical education, but 
also with regard to the practical instruction of the work people, 
and consequently, the perfection of mechanical h:md labor itself, 
which, fi'om the introduction of specially adapted machinery is, 
year by year, perceptibly deteriorating. 

I f  we except the attempts made in'France in the year 1867 by 
the celebrated and learned mechanical engineer, A. Clef, to form a 
collection of models for the practical study of the principal meth- 
ods of Ibrging and welding iron and steel, as well as the chief 
parts of joiners' work, and thi% with a purely demonstrative aim--  
no one, as flu" as we are aware, has hitherto been actively engaged 
in the working out of this question in its application ~o the study 
of hand labor in workshops. To the ImpelJal Technical School 
belongs the initiative in the introduction of a systematical method 
of teachinff tim arts of turning, carpentering, fitting and forging. 

To the~knowledge and ex'l)erienee in t~hese specialties of the 
gentlemen entrusted with the management of the school work- 
shops, and to their warm sympathy in the matter of practical 
education, we are indebtedfol~ �9 " - " ~ ! 
of systematical instruction lt~mmd~,'ahWan?g'l~rtf, ~h:i npt~~ 
in the year 1868 into the workshops, and also for the preparation 
of the necessary auxiliaries to study. In the year 1870, at the 
exhibition of manufiaetures at St. Petersbourg, the school exhibited 
its methods of teaching mechanical arts, and from that time they 
have been introduced into all the technical schools of Russia. 

The auxiliaries of education employed in teaching mechanical 
arts were exhibited at the international exhibition of Vienna, and 
now at Philadelphia~ in order' that specialists in these matters 
might become acquainted with them. 

The auxiliaries of education appointed for the teaching of any 
mechanical work whatever, for example--fitters'  work, are classed 
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in three categories; to the first of lhese belong the collections of 
instruments employed in fitters' work, with which the beginner 
must make himself perfectly fi,miliar before entering upon work, 
and afterw:u'ds to use these instruments during the execution of 
the work itself. 

To this category relate all those collections of models indis- 
pensable to the teacher of fitters' work, ibr the purpose of demon- 
stration: the collection of instruments most in use for measuring, 
full size ; the collection of instruments, full size, for drilling metals ; 
the collection of instruments, fifll size, for finishing, ti'om the 
smithy to the fitting shop inclusive. 1 

Models of files, incre'lsed to 24 times the ordinary size, for the 
purpose of demonstrating the surihee of the incision; tim collec- 
tion of models of instruments employed in cutting screws and 
nuts, increased six times ordinary size, for the study of the direc- 
tion of the angles of incision ; the collection of models of drills, 
increased six times, tbr the practical study of the cutting angles; 
and lastly, the collection of instruments and apparatus for~teaciling 
the tracing of yet unworked metal articles. We consider it our 
duty to draw the attention of specialists to this last collection, for 
the organization of which we are indebted to our skilfifl instructor 
of fitters' work, Mr. Sovetkin, mechanical engineer. 

To the second category belong the collections of models ap- 
pointed for the systematical anal gradationary study of hand 
labor in the fitters' al~. These collections have the same signiti- 
cation with regard to the work of fitting as is allowed to scales 
and exercises in instruction in music. They are so ordered that 
the beginner may be enabled to overcome by certain gradations 
the difficulties which present themselves beibre him. It will be 
sufficient to" glance at the adjoined detailed list of objects con- 
tained in these collections, and to examine atteI~tively every 
object exhibited, to be convinced, that if the pupil, under the 
guidance of the teacher, carefully fiflfils the study of all the num- 
bers embraced in the collections, or rather the educational pro.~ 
gramme of the art of fitting, he must inevitably, and in the most 
rational manner, render himself i~amiliar with all the known prac- 
tical hand labor of this art. 

Hence we arrive at the conviction, without any difficulty, that 
with such a system of teaching al~t, the supervision of the teacher 
over the pupils, and his observation of their progress, become 
exceedingly easy. He need only remark that every number oi 
the programme is executed satisthctorily by the pupil, and putting 
the following one before him, give the requisite explanations for 
the succeeding work. 

In such a case, the fact of a great number of pupils being occu- 

z This beautiful  and ample collection could not  be sent to the Exhibi t ion in consequence 
of the l imited space allotted to us. 
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ied at the same time will present no gTeat disadvantage, nor will 
increase the arduousness of his duty to any considerable degTee. 

And further, it will be a matter of impossibility that a pupil who 
has been working during a few years in the workshop, should fail 
to be able to use the drill, or to trace a l)art to be worked, though 
he handle satisfimtorily the chisel or the file. 

To the third category belongs the collection of such articles, or 
parts of machines, as in the execution of which all the practical 
hand labor of the fitter's art is successively repeated, having been 
acquired during the studies of the previous course. 

W h a t  we have said in relation to the manner of study of the 
~;ork of fitting, nmst be accepted also with regard to the other 
branches of labor, namely, wood-turning, carpentering, smithy and 
foundry work. We exceedingly regretted that the limited space 
allotted to us in the exhibition did not admit of our exhibiting all 
those collections of auxiliaries to instruction which the School has 
produced. 

In conclusion, we consider it our duty to observe that eight 
years have already elapsed since the programmes of instruction in 
the mechanical arts were introduced into the workshops of the 
School, and they have been found to attain in the most brilliant 
manner the aim proposed in their introduction. 

VICTOR DELLA-VOSS, 
Director of the School, and Ex-Prof~ssor of Practical ilIecl~anics 
at the Agricultural and Forest-A ca,lemy Petrofsky-Rasoumofsky. 

:Next I include a condensed catalogue of the exhibit of this 
School, showing the collections of tools pertaining to each kind of 
work, and the number of samples which each student must make 
in each shop. Attention is particularly called to the admirable 
series, N, O, P, of enlarged models for the practical study of the 
construction of cutting instruments, in the "School Fitting Shop." 

SCHOOL WORKSHOPS. 

I. WOOD TURNERY. 

MASTER ~. ADELMA~SN. 

A. Collection of tools (about 150) for turning wood. 
B. Part I. Samples (13) for tile successive learning of turning in wood. 

Part II. Casting-mould models of details and Machines (30). 

II. MODEL JOINERY. 

~IASTER A. ~ .  ~ICHAELOFF. 

C. Collection of tools (34) for joinery. 
D. Collections of tools (46) for joinery. Second series. 

o 
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E. Samples (25) for the successive learning of joinery and .pattern 
making, o 

F. Collection of models (.5) of usual wood-joinings. 
G. Collection of patterns (18) for iron castings. 

III .  FORGING. 
~LkSTER S. BOUROFF. 

H. Collection (60) of forging tools. 
I, Samples (79) tbr the successive learning of blacksmith's manipulations. 

IV. METAL-TURNERY. 
~[A~TER A.  M. MARKOFF. 

J. Collection of tools (55) for turning metal. 
K. Collection of tools (75) for turning metal._ Second series. 
L. Samples (38) for tlle successive learning of tm'ni~g me~ai. 
M. Samples (21) for the successive learning of turning metal. Second 

series. 
V. SCHOOL FITTING SHOP. 

MODEL'~  F O R  T H E  P R A C T I C A L  S T U D Y  O F  T I l E  C O ~ S T R U C T I O ~  O F  C U T -  

T I N G  I N S T R U M E N T S .  

~L~sTER D. K. SOVETKIN, ~IEGHANICAL ENGINEER. 

Taking into consideration the importance of a knowledge of 
the proper construction of instrmnents, and the difficulty which 
has to be overcome in explaining to a whole mass of pupils the 
minutest details in connection with the direction and tile angles 
of the incisive portions of instruments, we, ah'eady in the year 
1872 endeavored to construct wooden models, representing instru- 
ments on a considerably increased scale. Par t  of these models 
was exhibited by us at the Polytechnical Exhibition of Mosco~v, 
in the year 1872. 

Models of instruments on an increased scale present the advan- 
tage of rendering it ~ossible for the student to see clearly all the 
minutest details- of 'the construction of the instrument. The 
direction of the cutting edges, and also the shape and direction ot 
the level surfaces which form the working part of an instrument, 
should be studied in the most detailed mannel; and how is this 
possible when these portions of an instrument m'e hardlY to be 
seen by the unaided sight. Let us take for an example the cut of 
a smooth-file ; is it possible to form a cleat' comprehension of the 
shape and direction of the teeth without the aid of the lens? . 
Certainly not. If, then, we form the tooth of the file, increased 
to twenty-four times ti~e ordinary size, all the surl~ces m'ound it 
will be presented as practically clearly, as will enable one not even 
engaged in the special study of the matter, to form a clear idea of 
the shape of the tooth of the file. At  the present moment we 

�9 i �84 
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submit  to the appreciat ion and j u d g m e n t  of the  interested~public 
models  of  the  cu t t ing  par ts  of  files, drills and ins t ruments  mr  the 
cut t ing of  the  screwy, outside as well as inside. 

The  three  fol louing lists will serve as the basis of  the  entire 
range  of  the  collections, which represent  all the ins t ruments  em- 
ployed in work.  

N. l~todels of drills and countersinks increased six times the ordinary size. 

1. Model of cutting edges of a drill (double cutting) for drill-bow. 
2. Model of cutting edges of a drill (one cutting) tbr drill-bow. 
3. l~Iodei of cutting edges of a drill tbr crank-brace�9 
4. Model of cutting edges of a center-bit with long point. 
5. Model of cutting edges of a center-bit with short point. 

Remark�9 In models :No. 1-5, are clearly shown the shapes of 
file cutting edges, and also the an~les of the working surfaces. 
From an examination of these dulls it will be easily seen the work 
of such instruments cannot be called good by reason of the irregular 
direction of the working surfaces�9 

6. Model of cutting edges of a drill, which edges have the favorable 
angles for the work. 

7. Model of cutting edges of an American spiral-drill, distinguished 
by stability and exact work�9 

8 :Model of euttin~ ed,~es of a drill for boring turning-joints. 
9: ]~lodel of cutting edges of a drill for half-ball borings. 

10. Model of cutting edges of a fashion drill. 
11. Model of cutting edges of a cone-countersink for wrought-iron and 

cast-iron. 
12. Model of cutting edges of a cone-countersink for brass. 
13. Model of cuttin~ edges of a hemisphere countersink. 
14. Model of a dril~r-stock with the cutter, showing its cutting edges 

and fastening. 

O. Cutting parts of files increased twenty-four times ordinary size. 

1. Tin-file. 
2. Rasp-cut for lead and soft allayage of metals. 
3. Sample of the first-course of files for hard metals, in order to show 

the angles of the working surfilces and cutting edges. 
4. Sample of tile first course and the second course, in order to show 

the beginnin_,z of file-teeth. 
5. Sample of the firs~ course of. a smooth-file, in order to show the 

angles and tbrm of the working surfaces. 
6. Sample of the second course for smooth-files. 
7. Sample of the second course of a fine cut rasp~ in order to show the 

proportions of teeth. 
8. Sample of the second course of an armfile, in order to show the 

proportions of teeth. 
Remark. The three last samples show clearly and practmall~" 

the size of the teeth o1' the most used files. 
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P. Screw-cutting tools, increased six times ordinary size. 

1. Model of a screw-tap with conical nucleus and thread. ~] 
2. Model of a screw-tap with cylindrical nucleus and conical thread. 

3-6. Models of screw-taps for nuts having holes not going through (corn- [ 
plete assortment). 

7. Model of part of a screw-plate for cutting external" screw-threads. 
8. Models of screw-dies with obtuse cutting angles. | 
9. Models of screw-dies with right cutting angles. ~ ,  

10. Models of Whitworth's screw-dies. ] 

�9 Q. Collection of instruments (about 90) employed in making apertures of 1 various shapes. 
R. Collection of instruments of measurement (43) used in studying the 

art of fitting. 
S. Course 1: Time for study~ "240 hours. Samples (28) for the successive 

learning of the filer's trade. 
T. Course II. Time for study, 240 hours. Samples (23) for the succes- 

sive learning of the filer's trade. 
U. Course llI. Time for study, 240 hours. Samples (24) for the succes- 

sive learning of the filer's trade. 
Remark. The method of systematically" teaching the art of 

fitting was first worked out in the Imperial Technical School of 
Moscow in the year 1868, and after eight years' trial has proved of 
immense advantage to the School itself, as well as to those of the 
Russian techmcal ~chools whmh borrowed that method of the Mos- 
cow Technical School at the time of the Petersburg exhibition of 
the year 1870. 

In attestation of the utility of the proposed systematical method 
of teaching, we may observe that immediately after its being pre- 
sented to the public in the year 1870, the ]mperlal Technical School 
received orders fbr similar collections from technical schools in Mos- 
cow, Petersburg and Odessa. 

V. A bench, instruments and apparatus (13) for marking and lining. 
machine-parts to be worked. 

W. Collection of models (11) for the demonstrative instruction in the 
marking and lihing; the red lines represent the geometrical axis, 
and the lines according to which the work must be carried out. 

In  all that  precedes, I have endeavored to set forth, as clearly 
as I could, the general considerations upon which this system of 
shop instruction is based ; to show that the solution of  the prob- 
lem has been approached from the instruction side, and not fi'om 
the construction side, and in this consists its fundamental  and 
thoroughly practical character, as part  of a system of education. 
The system presupposes the student's ignorance, and begins at the 
foundation, both in theory and practice. Every  step well taken 
from such a beginning is a clear gain, and the successive steps 
have only to be taken to arrive at the goal of success. The corn- 
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plete demonstrati'on, however, is seen in the results exhibited at 
Philadelphia--results which no mixed, or less systematic system 
could possibly pr.oduce. 

Another value of the system is, that it is equally well adapted 
to the wants of each class, or grade~ of students. I f  one wishes 
to be a mechanical enghmer, and finds that he has the ability to 
master the highest theoretical questions involve.d, the amount of 
shop work will be graded to meet; his needs ; if, on the other hand~ 
the student looks forward to the rank of a first b lass machinist, he 
will need more mechanical dexterity, and will therefore work out 
a larger number of e xamples~ and be required to do less in the 
higher mathematical and theoretical studies. 

I t  is also an exceedingly important feature of this system that 
the instruction shops are the least expensive to equip and main- 
r a i n -  and further~ it is not necessary for the highest success of 
this instruction, that construction shops should also be imme- 
diately connected with the school, either as at St. Petersburg or 
at Moscow. The young engineer, or machinist, after graduating 
in such a course, will find no difficulty in completing his practical 
education in great m'mufilcturing works, and probably under cir- 
cumstances quite agreeable to those who have already spent all 
they could borrow to complete their chosen course of study. Fur- 
ther, the system applies equally to all industrial arts needing 
manual skill. 

Even~ now, the Department of Industrial Design~ established in 
this Institute four years ago by the Trustee of the Lowell Insti- 
tute, and which has in this short time attained such marked suc- 
cess~ needs that its course of study should be materially widened 
and enlarged betbre it can take rank as a school of technical edu- 
cation in the textile manufactures. Practical instruction in weav- 
ing, the study of the textile materials used in the various fabl~cs~ 
with the operations of spinning~ scouring, fulling and finishing~ 
should be added. Systematic school instruction in such specialties 
has so long existed abroad as to have become a recognized ele- 
ment in the quality of their textile m.~,nufactures: I f  Massachusetts 
expects to keep the lead. in the qu;,lity of her industrial work~ it 
must be done by the establishment of technical schools for teach- 
ing the manipulations, with such other special knowledge as each 
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particular al~ requires. In each case the details must be worked 
o u t  simply as an educational problem, and the instruction put in 
charge of an expert specialist, who undel~tands theoretically and 
practically the particular manipulation. With the same skill, 
energy and perseverance, as are needed to command success in 
the teaching of any subject, we shall not fail of corresponding 
success in the teaching of practical industrial art. With the ability 
to make will come the desire to create, to those who have the 
capacity to rise into the higher realms of their chosen al~. 

In the light of the experience which Russia brings us, not only 
in the form of a proposed system, but proved by several years of 
experience in more than a single school, it seems to me that the 
duty of the Institute is plain. We should, without delay, complete 
our course in ~Ieehanieal Engineering by adding a series of in- 
struction shops, which I earnestly recommend. The whole matter 
turns upon getting the proper rooms. I t  is already clear that 
there are no other difllcalties which can not readily be sur- 
mounted. With  such shops once established, we shall also be 
prepared to offer instruction to those who wish to become con- 
structers, rather than engineers, and especially to the large class of 
pupils to whom such a systematic training, properly supplemented 
with other studies, would prove a valu:lble foundation for fiu'ther 
study, or for business. For these classes of students I propose the 

following outline of a 

TWO YEARS' COURSE IN PRACTICAL I~IECHANISM. 

To be admitted to this course the applicant 'must  be at least 
fifteen years of age, and must pass a satisfactory examination in 
t h e  ibllowing subjects: J Arithmetic, Geography, Spelling, 
Punctuation, English Composition, English and American His- 

tory, and Algebra through simple equatious. 

FIRST Y E A R .  ~ o .  of  ltrm. per  
Exerciaes wee~ 

120 12 
Shop Instruction . . . . . . . . .  

�9 1st half 45 3 Algebra . . . . . . . . . . .  
Plane Geometry . . . . . . . . . .  2d half 45 3 

90 3 
Rhetoric and Composition . . . . . .  

90 3 
Mechanical and Free Hand Drawing �9 �9 
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SECOND YEAR.  
No. of Hrs. l ~  

Exercises week 
Shop Instruction . . . . . . . . .  120 12 

Algebra'finished . . . . . . . . .  1st laalf 45 3 
Solid Geometry . . . . . . . . . .  2d half  45 3 
English Literatm'e . . . . . . . . .  60 2 
French . . . . . . . . . . . . .  90 3 , 
Mechanical and Free  Hand Drawing . . 90 6 

W i t h  rite sets  o f  samples  o f  s h o p - w o r k  w h i c h  wil l  c o m e  to  us 

a t  t h e  close o f  t h e  exh ib i t i on  a t  P h i l a d e l p h i a ,  a n d  t h e  ave rages  o f  

t h e  t imes  n e e d e d  to  m a k e  each,  t a k e n  f rom t h e  shop records ,  a n d  

o t h e r  in format ion  k i n d l y  p r o m i s e d  b y  Dl :  P e t e r s ,  w e  shall  be  able  

t o  s tm~ wi th  re l i ab le  d a t a  u p o n  w h i c h  to  bu i ld .  

J O H N  D.  R U N K L E ,  President.  
~Iass. Institute of Technology, 

JBoston, July 19, 1876. 

S U P P L E M E N T A R Y  S T A T E M E N T .  

Since the issue of my report upon the Russian system of shop-work in- 
struction for engineers and machinists, so man)' persons who have read it 
have asked me if I would give them a simple, concrete illustration of the 
system, that I t~ar I may have failed to make the matter entil~ely clear, 
and I will try, in a simple way, to present the idea, which would be en- 
tirely unnecessai T if I could only show the series of instruction-samples 
made in the several shops, now on exhibition at the Centennial. 

Clearly, the first step in practical mechanism is to teach the use of tools. 
Suppose tl,at we have, say, fifty young men to teach. Now we can put the 
same tool or set of tool into the hands of each, and teach all together, as a 
class, or we can put a different tool or set into the hands of each, in which 
ease the ir, struction becomes special to each, or individual instruction. In 

�9 the first ease, one teacher can systematically teach the whole class, and in 
the second ease, to give each pupil equally ~ood instruction, it will need as 
many t e t h e r s  as pupils, without some of the teachers happen to be ex- 
perts in the use of more than one set of tools; and at best it would clearly 
require in the second case several teachers. It must be plain that on all 
accounts it will be best to tbllow the class system, and teach all the use of 
the same tool or set of tools at the same time. It  follows, then, that our 
shop must be fitted with fifty sets of tools, if this happens to be the num- 
ber' of students which can be well taught  at once. 

Now. it is plain that, to learn the use of the set of tools selected as the 
beginning of the course, a certain nmnber of t~orms must be worked out, 
the nmnber bein~ determined by the aumunt of skill which it is important 
the particular ela~ss under instr\mtion shouhi acquire. ~ext ,  what  should 
guide us in the selection of the for'ms to be worked out? I f  we examine a 
certain number of constructions, say machines made entirely of metal, we 
shall find that  some of the parts are made or finished with the set of tools 
under consideration. Now, it is not necessary that  we should select these 

I0 
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exact forms, but the whole end will be gained by devising and working out 
a series of typical forms, each of which will only vary from the actual ones 

a limited extent, according to the special construction in which it may to �9 _ . , ' an. be needed. When the course m the first shop, say the fliers shop, is ti 
ished, the class is put into a new shop to learn the use of another set of 
tools, and so on until the use of all tile tools used in the construction of 
wood and the metals is learned. It  will be seen, then, that the samples 
made in each shop are madesimply and only for instruction, in order that 
no conditions may enter to interti~re with the system best adapted for this 
end. Next, it must be remembered that while the class is learning the 
mani ulations of each set of tools, and thus learning at the samet ime to 
eons~uct a typical alphabet of ~nec]lanism, tile theory invmvea m me con- 
struction of the tools is systematically t a u g h t , -  that is, the reason why 
each tool is so mi~dd and how it must be kept in order. Besides, each sam- 

le is made from drawinc,_s which . the student has previously made, thus 
p �9 r �9 

making this instruction also conform to actual practme. 
Thus far the whole aim has been to give the student skill in the use of 

all the tools pertaining to the course, and now, and not before, he is pre- 
eared to be transferred to a construction shop. The Russian system is 
then a fimdamental analysis of the problem of practical mechanism, and 
consists in teaching the theory and use of tools to classes of students in the 
same orderly and progressive way in which any other subject is taught, 
with the san{e supervision and instruction of a specially qualified teacher, 
holding each student to the same account and giving him the same credit 

�9 ":' "-'- ~'--~:-- ~n this wa,, of teachin~ it the study of practical mech- 
a S  I l l  O t l l t ~ r  S t ,  u t t l ~ .  .L j ~ _ " . �9 . 

anism also becomes a discipline of positive value in a system ot instruc- 
tion. The theories involved in the construction of machinery have nothing 
to do with learning the use of tools, and tim entire aim in a construction 
shop is the production of results b~ed  on the skill of the workmen en- 
ga_~ed. 

~n addition to the foregoing analysis it will hardly be necessary to extend 
this letter, by'showing in what ways a shop arranged for construction is 
unfitted for the class system of instruction in the use of tools, even if such 
a shop could be devoted to this purpose. I hope I have now made the 
Russian system plain to all who will take the pains to give the subject a 
little thought, and particularly from the educational point of view. As a 
system, it 'is fundamental, applicable to all industries needing manual skill, 
easily manageable as an element in a systematic c o u r s e  of instruction, eco: 
nom[cal of the time of the student, and of the funds of the institution. 
When the manual skill of the student has a commercial value, as it will 
have when he has thoroughly mastered the course upon the use of tools, 

" �9 " * k then he will be of value in a constructmn shop; and it only remains to as 
whether this shall be a school-shop or one of the great manufacturing es- 
tablishments with wlaich our country abounds. I presume that but little 
time need be spent upon the answer. 

The students' skill is worth more to a manufacturing establishment than 
it could be to a school, even if manufacturing was one of the proper fimc- 
tions. Besides, under the best supposable circumstances, all the economic 
conditions upon which success, in manufimturing depends could never be 
realized in a school-shop. Theretbre our aim will be to build up the in- 
struction-shops authorized by the Corporation of this Institute, and leave 
the young engineer or machinist to enter at once upon the broad field of 
his chosen career, for which he should be well fitted if he and his instruct- 
ors have faithfully done their duty. I t  is not necessary for a school to 
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operate a railroad to teach its civil engineers, nor work a mine to teach its 
mining engineers, nor maintain a menagerm to teach natural history. 

JOHN D. RUNKLE. 
Itlassachusetts Institute of Technology, 

Boston, August 21, 1876. 

NOTE.-- INDUSTRIAL ARTS I N  THE PUBLIC SCHOOLS. 

Extracts from "A Report of the Committee on Edueaiion, made to the 
House of Reprcsentati~,es of Rhode Island, at its January session, 1877, by 
Henry H. Fay, Chairman." 

The subject is considered under the following h e a d s : -  
1st. The proper limit of free education. " 
2d. The importance of the High School in the s.vstem. " 
3d. The variety and kind of instructions in the schools. 
4th. Industrial Art Education. 
�9 t �9 t~ �9 Q r �9 ~t t �9 ~ ~ "  

I N D U S T R I A L  A R T  ]~,DUCATIO~N ~. 

Recognizing tlle filet that our public school system is not perfected be- 
yond criticism or improvement, and that it is progressive in its nature, as 
well as elastic in its adaptation to the wants of the people, we nmst take 
cognizance of tile sentiment quite prevalent in the conmmnity, that tile 
results are not fully commensurate with tile expenditure of money, and that 
the element of"  practicality" is not as large a factor as it should be, in the 
great educational problem of the period. The importance of this opinion 
is acknowledged by the warmest friends of public education, and the'popu- 
lar den]m.nd hasbecome so urgent, that at last it has found expression in that 
par~ of the resomtion t)etbre us, re.(]uiring a consideration of the question of 
|ndustrial art education in the pubhc schools. 

Ihe  ~ub]cct of mdustrml educatmn is by no means new~ and were it on:~ 
the .qe~era'! subject, referred to us, the task would be easier than now, since 
we are confined to the specific consideration of its aspect as an integral part 
of our present established system, or at least a supplement of it. We find 
that we are not the only inquirers upon this subject, as our investigations 
have developed the fact that, in all parts of our country, the subject has 
recently risen to prominence, and school-boards, educators, and legislators, 
are seek-lug for intbrmation. The National Board of Trade of the United 
States h ~  interested itself in this matter, and in January'last, sent a me- 
morial to this General Assembly, as to each of the legislatures of the other 
Statr reading as fo l lows: -  

"Your memorialists, representing merchants and manufacturers of the  
United States, beg leave respeetfi]lly to represent unto your Honorable 
body, that the interference and dictation of Trades Unions, and similar 
organizations, with the system of apprenticeship, in earher times prevailing 
in this and otlmr countries, the active competition of foreign manufacturel:s 
with American industries in both home and forei_~n markets, and the in- 
creased attention being given by governments abroad, to the development 
and improvement of skilled labor, by instruction in science and art, as ap: 
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hed  to mechanics and manufacturing,  renders  it in the  opinion of  this 
oard  of great  impor tance  to our mater ial  progress, tha t  suitable provision 

be  made  ibr the  es tabl ishment  of  Ar t  and Science schools in each of  the 
several  States,  where  workmen and their children may receive  such techni-  
cal instruction as will improve and create  skilled labor, to the end tha t  the  

, . of  societ ma ~ become be t te r  fitted for a .h igher  d evelopnmnt  
poorer  classes Y ~ �9 _~ ~_a ~,,. ufimturin~ interests De enamea  

, . d our mechamc~a ~su  su,dl , ~ �9 . . of  industry, an.  --" , ~ o  , f  nthe countrms" therefore,  ),our 
i . . . . .  r 

more successfully to compete  w~th t~7_~ ~ -: . . . .  ~c, norable body will adopt  
peti t ioners would respec tmuy pray  ma~ y,,-,_ --? ' , , - . . . . . . .  
measures for the  establishment of  such a school, or scnoo~s, as is nere~,, 

indicated, within the  S ta te  of  Rhode  Island. 
Respectful ly  subnfitted, by  order of  :National Board  of  Trade ,  " 

F R E D E R I C K  F R A L E Y ,  
President." 

JANUARY, 1 8 7 7 .  

: N E ~ L E C ' r  O F  I N D U S T R I A L  E D U C A T I O N ,  A s  W E A K N E S S -  

The Universa l  Exhibi t ion in 1851 at London,  br inging together ,  for the  
first time, so extensive a collection of  the indust r ia l  products ot all nations, 
enabled each one to obtain a correct  view of  its own condition compared  
with that  of  other~. The  succeeding exhibitions in 1856, 1861, and 1867, 

able lessons to all of  the  European  countries,  bu t  especially 
furnished valu. ~ . . . . .  +h, 1)-.:o Exhibi t ion in 1867, led to 

vhose ut ter  r a~ ~-.~ ~ al*~ . to :England: ~ . . . . . .  h . . . . . .  ns ibr the  more rapid progress, made. m 
svstematm mqmrms  as L ~ 7 ~  - ~ ? ~  .... ; ; .o  ;n w h ' , . ,  evervtbil~g else t)cmg 

�9 " l n a n  o I  l ~ n o s e  l i l U U ~ - . . ~  �9 . . . . .  i ~ h ,  . , .  ~ other n a t i o n s  i n  y _  �9 ~ . . . . . . . . . . .  + , ~ n m m l ~ l o n c r . %  c o m p o s e d  o f  

equal,  tile English o u g h t t o  exceh ~.ess~:ons*~.~i---sc:mnces, 'cngincerit ,g,  
" s o t  m e  eauca tea  p rom~ , �9 F r  re resentat lve . ." xhibition and a 

e~Plcation and manufactures ,  were  sent to the  I)a~ls E.  
deputat ion of  over fifty skilled artisans, also, whose reports  all cohere'red in 
the  s ta tement  that  the  sul)eriority of  other nations in industrial  products  
was due entirely to the greater  interest  given to the  industrial  educat ion of  

the~Pee:P~tatements , admit t ing inferiority on their  own_ pl~rtt~onOt~ngd tahte " 
of  o ther  countries since prewous  ex : , ,  , ,  r a i d  advancement  . ___ ~_..tl" ,~. and t h o r o u g l i t V  

P 1 to the  one cause,  were most s . . . . .  ln~,, . o : 
t r ibutmg it sole y. . . . . .  ~ -~ r ln t l a  n r 'de  in maintaining for their  

med all E n a h s n m e n  wno nan  p . . . .  :._~ ._:i . . . . .  alar - ~' , . . . . . .  r and mectmnica~ lntmstrles. , , . ,  
country p reeeaence  m .~.-~-~,~*_~.:' ?~o ..e industrial  education,  puDnsnea 

T h e y  examinea  c o n u n e n m l  sy~Le, . . . .  s and at  once adopted such educational  measures as were 
elaborate report  , . . . .  �9 . Par is  Exlfibi- �9 Durm,r  the  last ten ) ea t s  since the , 
deemed usetul to them. . ~ ~ ._ :_ ,1.:o direction and he r  advance-  

has made wonurous euort~ m m,~ , ' . . - tion, England  . . . . . .  1 . . . . .  itbst bv tile many  exlnbl ts  of !mr 
merit in the industrial arts was m . . . . . . . . . . .  , 

�9 " t the  Centennial  Exhibit ion last year .  :Meanwh.le, o ther  
roduetmns antries taught  by experience,  had  also improved upon the m- 

~ u r o p e a n  co ! - ~ 1 , ~ i v o n  tllem the  advantage  of  at least  one gener-  
s tr ialschools,  w h m h h a a  ~ . . . . . .  . . ~ . ~, �9 - 

d.u. . . . . .  i. . . . .  n and were determined to contm.ue m ~ne m.au. .. . . . .  :~...o 
at lon oi  w u , ~ - . .  , . �9 . �9 �9 , excraoramar  ' cxv.'~.~,,~ 

The F rench  manutacturers  dsd not fad to note the ) �9 . . r ~  e 
Enuland  was making to contend tbr precedence  m mdustrml  arts�9 Th ~y 
eall'~d the  at tention of  the  Government  to the matter ,  and demanded  in- 

. " al advanta_~cs, in addition to those a l ready in existence. 
creased educatmn . . "~ _ ~..u : . . . . .  ~;-ation, learned that  their  system 
A government  commission, upon a u , . . . * ~ , ~  , �9 
was very  defective in comparison with tha t  of  Germany,  and the result  was 
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an energetic movement on tim part of the State and of parties interested, 
which has, long ago, worked a great improvement in every branch of 
industry. 

Switzerland, Germany, Austria, Russia, and other countries, were alike 
stimulated by the necessity of the case, to renewed interest in all that per- 
tains to the advancement of the m.ts of industry, and their schools, which 
had been good~ were made better, while those which had been best of all 
were advanced to a still higher standard. The process of improvement is 
still going on, and will continue to receive the utmost attention in each 
country that hopes to compete in the markets of the world with the pro- 
ducts of her industry. 

However satist~actory may be the present development of Rhode Island 
nmchanical and manufi~cturing industries; whatever there may have been of 
inventive genius, artistic skill or business enterprise, to arouse feelings of 
pride in our achievements in the past, we nmst not lapse into a spirit of 
self-complacency, but rather take to ourselves the lesson from the experience 
of other countries, that no State can secm'e and maintain pre-eminence in 
mechanics and manufimtures except by the systematic and thorough train- 
lug of the young in the industrial arts( that t'he pahn of superiority, by an 
unfifiling law, will surely go to that country where the hand of  the laborer 
is g~dded by a cultivated taste aad a scie nt~caUy trab~ed b~tellect. 

From the last census of tills State, we learn that i n  every 1,000 of our 
population, 560 are engaged in manufacturing or mechanical industries, and 
this fi~ct in itself is sufficient to give us an interest in the great question of 
industrial education, and should lead us to the adoption of any measures 
that fiu,nish a prospect of success in solving this great problem. 

It  will be interesting to briefly note what has been done in European 
countries, where, as we have stated, the interest in this subject has become 
synonymous with their self-interest, and where the competition of different 
countries has compelled attention to it, under penalty of banishment from 
the best markets of the world. 

INDUSTRIAL ]~DUCATION IN GERMANY. 

The system of general education in Germany is well known as being 
most comprehensive, and as having been succcssfhl in reducing illiteracy 
toward its minimum, but in its arrangements tbr industrial educat:on it is 
.equally broad and systematic. The proportion of the population engaged 
m mechanics and manuihctures is less than in Rhode Island, but there']s no 
place of any considerable size-wanting in-some-sort of instruction having in r 
view the varmus industries. 

"hnprovement" schools, " Real"  schools, " T r a d e "  schools, "Weaver's" 
schools, and special schools of many kinds, are found thickly scattered over 
the entire country, affordin_~ facilities not only for general, but for special, 

�9 technical instruction that "~re unsurpassed. In the lower order of these 
institutions, there is a similarity to our elementary schools, with the distinc- 
tion that, invariably, the strictest attention is gtven to instruction in draw- 
in 9. Of the secondary schools, we give the curriculum of one of the best, 
styled the " City-trade School of Berlin." It  was founded " to  give a more 
appropriate education for the mechanic arts and hi~,her trades than can be 
had through the courses of the other schools," and has the city of Berlin as 
its patron. The subiects of instruction are Religion, German, French, 
Enz'lish. Arithmetic( Algebra, Geometry, Geography, History, Natural 
His~tory~ Physics, Chem~try, Technology, Writing, Drawing and Vocal 
Music. 
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T h e  school is provided amply with laboratories, apparatus, and all the 
paraphernalia of instruction, and technology is taught by describing.and 
illustrating the different arts and trades by models anti visits to worksllops 
of which there are none connected with the institution. Pupils enter aider 
they are twelve years of age, and remain five years to complete tile course. 
Higher than this in order, and forming the summit, in the o~rade of indus-.. 
trial schools, is tile Royal Trade Academ)" at Berlin, which embraces in its 
course far more advanced mathematical studies, and has extensive work- 
shops connected with it, where various branches of practical mechanics are 
taught. The pupil begins with the making of a screw, and proceeds in 
regular order to the most difficult mechanical operations. 

An Industrial Drawing School in Berlin, also, trains designers of patterns 
for rintin~ silk, woolen-and cotton tissues, and paper hanging, s, together 

p , ~ - _ _  - -  . - -  

with all the theoreticM and practical branches of weaving. 
Among the large number whose organization we have noted, the Royal 

School of Maeliinery at Augsburg, in Bavaria, is interesting, devoting, as 
it does, more time to file practical side of mechanics. The requisites for 
admission are a thorough knowledge of Algebra and Geometry, and ]t cer- 
tain amount of practice in linear drawing. The pupils, who nmst be llttcen 
years old, pursue a theoretical course in higher Mathematics, Mechanics, 
i~hysics, Drawing, etc., but devote an average of three hours daily to the 
workshops. 

The scholar is placed at a vise, and a coarse file and a piece of iron are 
given him. He practices first in filing planes at right angles, and then par- 
ellel to one another, then lie does the same with a finer file. l~otlling can 
be done superf~ially, and no one can go on to other work mltil he has 
been thoroughly tmccessful. Xext, he is practised in boring, cutting screws 
and in making faucets. Then comes the turning of round surihees and of 
screws, smoothing off, etc., all of which is done with simple pieces of iron, 
out of which paper-weights, etc., are made. Other simple operations follow 
until the end of the course, when scholars are generally able to support 
themselves by work in any factory. 

Enough examples have been furnished to show the general scope and 
variety of industrial schools ill Germany, and while from the hundreds of 
them in o eration, covering very many special trades and occupations, we 
might sel~Pet some Of unusu~al interest," we have not space for the details in 
this report. 

In Austria, the agencies for the education of skilled labor are of various 

i i 2 i ~ ~ ~ ~ ~ , ! } i ~ i i ~ ~ ! i i ~ ~ i l l  .. ' " .." " ..'.. ', ~ . . /  . .i i. "'~: ,_i ,~" ,~"~ 
devoted to special trades and industries. 

These comprise theoretical schools and school shops, iti which the practi- 
cal and theoretical teachings are combined. The number of these schools 
has increased in the last five )'ears ti'om ten to o~le hundred a~i(l thirty. In 
the highest of" the industrial schools, nearly one-third of the time is devoted 
to fi'ee-hand and geometrical drawing. 

' F R A ~ C E .  

France is equally aroused with her continental neighbors to exertions for 
increased i~eilities for industrial-art education, and has rapidly augmented 
the number of schools for the elementary training of the young ill this 
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respect. While perhaps, failing t~, equal Germany in the universality of 
the system, she compares quite favorably in certain localities, and in the 
hi~her class of technical schools. 

]n  1805, when Napoleon was First Consul, he visited one of the govern- 
ment institutions and was extremely dissatisfied with the answers of the 
pupils about to graduate, as to their intentions for the future. These, he 
said. unless they entered the army, would become a "burden rather than 
an.aid to their families." He had observed workmen in the manufacturing 
establishments who were experts in the manual labor of their trades, but 
deficient in the theoretical part, and hence he determined to change the 
course at this institution, so that it sitould be devoted to " the study of 

�9 ~ ~ 
trades, with so much theory as is necessary to their progress. This was 
done by an order soon after published, and the result has been one of the 
most succcssfid institutions in the world for this purpose, at Chalons. 

The plan has been nmdified during the last t~w years, so that instead of. 
teaehin~ a mnnber of trades, it is devoted t o  general mechanical industries 
for which theoretical knowledge is indispensable. Tl~e shops connc~ed  
with it are the Pattern shop, Smithv, ]~oun(lry and ~ t t m g  shop • 
pupils, who nmst be fifteen years of age, devote five hours or more daily, to 
the workshom' in which the, general plan of instruction and practice is very 
similar to that previously de~ribed at Augsburg. 

The general principles are, to make only one piece of the same kind, and 
to do all work, as far as practicable, by hand, and with the simplest tools. 
The school curriculum embraces Mathematics, Drawing, and the elementary 
branches. 

Paris has numerous industrial schools of every grade, and fllroughout the 
country are tbund local institutions, often under the patronage of industrial 
societies, or established by individuals ti-om philanthropic motives. 

Notwithstanding all that had been done previously, a goverm.nent re.port 
after the exhibition of 1867, states t ha t "  additional efforts must be put torth 
to maintain French industry at the level whicli it has reached, and enable it 
to meet the rivalry of other countries in fields~ once by universal confession, 
exclusively their own." 

The result has been, as in other countries, a period of remarkable activ- 
ity in this direction during the last ten years, tlie beneficial results of which 
were seen in the display of industrial products at our Centennial, and will 
be fitr more evident at the next exhibition in 1878, on their own soil. 

It would be a pleasing labor', if our time and space allowed, to note in 
detail the progress of other countries of Europe, and to give comparative 
views of their advance in industrial art education. 

England, Holland, Italy, Sweden, Russia, and the other countries, have 
been actively working, and in each of timm we find much to interest and 
instruct, but enough l~as been written to demonstrate the tinct that in all of 
them the problem of industrial education is considered of vital importance, 
and that in its solution they are many years in advance of our own country. 

O U R  OWN COUNTRY. 

We have had in this country a few techhical schools of a high order, 
whose pupils were instructed in the theory but not in practice, unless we 
excel')t the chemical laboratory work. A prominent educator, connected 
with one of the best of them, remarked not long since: " Our graduates go 
out into the worhl with their brains well stocked with theories, but with 
their hands tied behind them." 
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In occasional instances, institutions have been established where theory 
and practice were conjoined, as in the Worcester school, and the '~ Illinois 
Industrial College, with good results. The latter institution ~.'as estab:. 
lished by the State of Illinois, in carrying out the intention of the act oI 
Congress in 1862, giving grants of the public lands and prescribing, in re: 
..... ~'" ,1~] .. . . . . . .  tion of the "liberal and t3ractical education of the industrial 
clUas'~es"i,~'timse~,eral pursuits and profess'ions in liib," as conditions accom- 
vanying acceptance. The State of Illinois has added liberally to the orig- 
inal fund, and the univel~ity now has property valued at nearly a million 
dollars includin_o a system of mechanical :workshops and other parapher- 
nalia i~or a compl~ete industrial training. 

In the State of Massachusetts much attention has been given to the sub- 
ject, and throughout the State drawing has been taught in the public 
schools, being correctly deemed the true tbundation of industrial art. 

In Philadelphia, an association of private gentlemen organized the Penn- 
sylvania Museum of Art, early in 1876, and took advantage of opportuni- 
ties offered at. the Centennial Exhibition to secure a large collection ot 
industrial masterpieces to form the tbundation of the museum, which like 
its prototype, the South Kensington Museum, iu England, which within 
twenty vears has revolutionized many branches of industry and crca[ed 
new ones, is expected to become an important aid to industrial educatton 
and culture. 

The teaching of specific trades has often been urged, but the obiections 
are so nu,nerous, and the experience of the past so decidedly in op'imsition 
to such a plan, that aside from the difficulties arising fi'om the option as to 
the particular trades to be taught, the expense of any general system would 
condenm it. 

What is desired, is some system that will teach the arts which underlie 
ma~y industrial occupations; something that will educate the hands and 
eves; something that will furnish such a com~e of manmd training as will 
enable our children, when they complete their course in the public schools, 
to secure some kind of employment, and not feel that they are incompetent 
to live, except "by their wits." 

If  we can secure this, without limiting or abridging the usefulness of the 
system of education we now have in operation with such great success, we 
shall succeed in achieving for our day and generation and posterity, a bless- 
ing comparable in value with that which the founders of ii'ce public schools 
handed down to us. 

In a careful study of very many systems of industrial instruction in 
Europe, we have tbund that all agree in one respect, namely, that Drawb~g 
is an indispensable basis, l~ rom the primary grades to the highest institu- 
tions of technology, Drawing is invariably a proufinent tbature of the cur- 
riculum. In all of these schools the saum general principles are followed i!l 
uniting manual and mental instruction, and in familiarizing scholars with 
the use of tools. The details of instruction in the scores of schools we 
have studied, have differed nmre or less~ but in nearly all of them the plan 
of manual instruction involved the methods of the apprentice systmn. In 
he school at Chalons, and also in that at Augsburg, there is an advance 

tulon the old methods, but in Russia, at the Imperial Technical School at 
~'~scow, they have taken an entirely "new departure" in manual educa- 
tion, by conibrming it strictly to the system and well established prinelples 
which have proved suecessihl in developing skill in other arts and scmnees. 
By this system, they analyze the Trocesses requirb~g manual skill~ and teach 
edch process by itself to a clasq. 
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The first princioles are tauzht, and exercises in oraetice accomoany them, 
leading the pupil on fi'om the  simplest to the too'st difficult man'ipu'lations. 
Just as in teaehinu one to play noon the rfiano, the "scales" and simple �9 c7 �9 J t  a ~ 

exert|sos come fi~t and rece|ve entire attentmn, rather than set tune~, 

�9 �9 ~,, ~ ~ " " . r149 , �9 , ! i.. �9 ,, ~176 �9 

fiu'nished to interested observers a definite idea of the plan, system and 
results obtainable from it. 

~ A S S A C H U S E T T S  I N S T I T U T E  O F  T E C H N O L O G Y .  

In response to the polite invitation of President Runkle, who had been 
in'formed of the inquiry of this Assembly in regard to industrial education, 
we spent a day with him, for tile purpose of receiving a full explanation of 
the plan, and of having ocular demonstration of the results thus far 
achieved. The pupils, since the commencement of the lessons, had c o r n -  

We tbund ~ class of thirty-two bo .s at work on a ehippinz 'exercise" 
. ) ,  �9 �9 - - -  w ' 

wifl~ hammer and chisel, under the instruction and constant supervision of 
an expert mechanic, employed as teacher of practical mechanics, and it 
was easy to pereeive that the class instruction in this branch of education 
was as systematic and simple as the teaching of a class in Arithmetic or 
Grammar in one of our bes-t public schools. Our attention was directed to 
the flint that these shops are for instruction, and not for construction. The 
object of the labor performed is not to produce salable articles, but to im- 
part mechanical skill, and hence the student can here receive systematic 
instruction, proceeding i~om first principles to difficult manipulations, while 
in ordinary construction shops an apprentice is taught only those things 
which accord with the convenience and profit of his employer. The t~aet 
that the instruction is given to so many pupils at a time, in class, is a 
marked economical feature, carrying out, as in so many other respects, the 
analogy with our general system of mentM training. 

Our space forbids a full description of the many interesting details which 
eame under our observation, as well as an). account of the testimony al- 
ready given by practical and expert m6ehanics, as well as by thou_~htfid 
and skilled educators, as to the wonderfifi results already secured i~ this 
experiment of an altogether novel method of industrial training, but we 
are fifily satisfied that enough has been shown, in tim tbw months of trial, to 
warrant us in the opinion, that in this well-tried system, at once so simple 
and so economical, we can find a way to tim solution of tim great question 
of the adaptation of industrial education to our existing syst~em o f  mental 
training in the public schools. 
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D E P A R T M E N T  OF M I L I T A R Y  SCIENCE AND 
TACTICS .  

President  J .  D. Runkle ,  
~lass. Inst i tute o f  Technology : - -  

SIR: I have the honor to render the following report of the 
status of file military instruction at the Institute during the 

school year of 1875-6. 
The changes, made at the end of the last school-year, were 

based upon experience of the past, and the desire on my part 
to fix its status before leaving the Institute so that it should be 
satisfactory to all connected with it and, at file same time~ give 
useful results. The experience of the year has justified the 
changes made; so far as the drill alone is concerned~ it seems 
now to be placed so as to be satisfactory both to Faculty and 
students, based upon the premiss that military instruction shall, 
must  be given in good faith. The end of the school year has 
found the battalion in all increase,~ state of efficiency of drill 
and discipline. The instruction to the second year class, by 
lectures and recitations, was incomplete for lack of time to do 
even the minimum amount of work necessary, productive of a 
result that can be at all satisfactory. I most earnestly request 
that the time allotted to the second year work be increased by 
six exercises, making e~ly thirty in all during the year. 

The officers of the i...~talion during the year were as follows: 

Staff O~icers ranking as First Lieutenants. 
Adjutant: E. F. Williams. 
Quartermaster: I. Kirk. 
Signal and Ordlmnce O~icer: W. O. Bradford. 

Line O.~icers. 
Captains: J. Rich, D. Pierce. 
Fi~:st Lieutenants: L. O. Towne, E. S. Draper, E. C. Miller. 1 
Second Lieutenants: R. Austin Robertson, Jr., Herbert Jaques, ~ F.P. 

Bronson .  8 

I Promoted  previous  to Centennial  t r ip ,  vice Drape r  not  accompanying the bat tal ion.  
2 Vice b l i l le r  promoted.  8 Vice  Rober tson  no t  accompanying  the bat ta l ion.  

0~4) 
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Each and all of these officers performed the duties of their 
respective stati~ons in a remarkably efficient and satisfactory 
manner; conscientious and impartial in the execution of their 
duties, they displayed great tact and judgment in their rather 
delicate relation with fellow students when assuming, at stated 
times o:dy, the duties and relation of officers to subordinates. 
More tha'n ordinary capacity was here required, and their ability 
to successfully perform the duties of their office at the school 
is a guarantee of their ability to perform similar or even duties 
of a higher grade in actual service. 

C E N T E N N I A L  T R I P  T O  P H I L A D E L P H I A .  

Many.students were desirous of visiting the Centennial Ex- 
hibition, as it would present a vast field for study. On account 
of the expense involved, a large proportion would necessarily 
be prevented from attending, if only able to go individuMly. 
This objection would be obviated in a great measure if a number 
would unite ill the movement. Enquiries were'~made to ascer- 
tain the cost, and it was tound that if three hundred went, the 
expense of transportation to and fi'om Philadelphia, board and 
lodging for two weeks would probably no~ exceed $25.00 per 
capiia. The Corporation and Faculty therefore determined 
that the trip should be made. 

The Corporation of the University of Pennsylvania court- 
eously tendered the University Campus for a camping site. Ef- 
forts to get the necessary tents" and camp equipage fi'om the 
United States having i~ailed, an act was passed in the State 
Legislature authorizing the loan of camp equipage to such 
schools as are, by the law of the State, required to give military 
instruction. We were thus enabled to procure the necessary 
outfit for camping. Through the intervention of Mr. Enoch 
Lewis, Mr. Phelan of Philadelphia kindly tendered us the use 
'of sufficient lumber to floor the tents and for other purposes. 
Mr. Lewis procured for us, also, some engine head-lights to 
illmninate the Campus. Efforts were made to procure reduced 
rates of admission to the Exhibition, but they were unavailing. 

~ i �84 
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Hon. Geo. B. Loring offered to us the use of the Massachusetts 
State Building as a place of rendezvous. Mr. and Mrs. Thomas 
Webster of Philadelphia were untiring in their efforts to secure 
for the Institute every filcility which might be required. Pro- 
fessor Still(i, Provost of the University, placed at our disposal 
certain facilities which the University building afforded. Prof. 
Haupt~ Prof. Richards and other Professors of the University 
aided us in many ways to perfect our arrangements. 

Professor Robert E. Rogers, with the concurrence of the 
Medical facultv of the University, gave the use of a large room 

t J  

in the basement for a dining room, as also a number of other 
rooms for the use of such of the members of our Faculty as 
were accompanied by their wives. Prof. Ward and Messrs. 
Ross and Chamberlain did much, previous to and during our 
stay, to insure us every facility afforded ill the building. Medi- 
cal attendance and many courtesies were extended to us by Dr. 
Hammeli, Superintendent of the Hospital of the University of 
Pennsylvania. A camping party, consisting of students, left 
for Philadelphia on June 1st. These laid out file camp, mak- 
ing the tent floors and pitching a large proportion of the tents. 
The labor performed by this party was severe. Arrangements 
were made for purchasing provisions and other necessary sup- 
plies, as also for the preparation and service of food. 

On June 8th, at 4 P. M., the party, numbering someflling 
more than three hundred and seventy, started fi'om the :N. Y. 
& :N. E. R. R. depot, in a special train for Norwich. The 
party consisted of members of the Corporation, Faculty, Gradu- 
ates, former students, students and fi.iends of members of the 
Institute. We were favored with being accompanied by a few 
ladies. At Norwich the boat was taken for Jer~:ey City where 
the party arrived next morning at about 6 A.M.  After some 
vexatious delay at this point, a special train conveyed the party. 
to Philadelphia~ arriving at about 10 A. M. The following 
regulations indicate the routine which was essentially followed 

during the encampment. 
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REGULATIO~N'S. 

I. The first three days will be devoted to a general inspection of the 
Exposition. 

2. Thereafter the special subject of each day's investigation will be 
assigned by the head of the department in which the student is enrolled; 
and each student will be expected to conform to such directions as he may 
receive from the head of his department in thr nmtter of his special work. 

CAMP AND SANITARY REGULATIO~N'So 

3. I. The daily routine will be as follows, viz. : 
First Call for Reveille, at 6 A. ill. 
Reveille Roll-Call at 6.15 A. 31. 

At this hour ever)" person, unless specially exempted, will be required to 
fall into ranks and answer his name unless siek. Bedding and blankets 
will be aired when weather permits. 

Sick Call at 6.~0 A.  ilL 
Breakfast at 6.~5 A. 3L 

Police Call at 7.80 A. ~I. 

All persons will be required to aid in policing the grounds of the camp, 
and to put their respeetive tents in order. 

" Battalion Drill at 8.15 A. i l l  
(For the Institute Battalion only.) 
Guard lllounting at 9 A. i l l  

The detail for the daily guard will be inspected and assigned to reliefs. 
Tile guard posted during tile day will be detailed fi'om tim Battalion, and 
will be in ibur reliefS; each relief will stand guard three hours and fifteen 
minutes (in two tours)~ during twenty-four hotu.~. Members of tile guard 
will not be required to remain in camp, except while posted as sentries, 
and for one hal f  hour previous to their respective tom's. They must not, how- 
ever, allow any chance to prevent their being in camp at the designated time for 
duty. The guards posted at night will be detailed fi'om students not in the 
battalion. Ouly one relief of the night guard will be permitted to go be- 
yond the liufits of the University grounds. The grounds will be thor- 
oughly lighted, and a less number of sentries w.ill be required at night; each 
relief will probably be posted only once during the night tbr not exceeding 
two hours, 

Lunch at 12.30 P. JL 
Dinner at 6 P. ~1I, 

Tattoo Roll-CaU at 9.~5 P. IlL 

' All Students will be required to fall into ranks and answer their names, 
unless specially excused by the President. Applications for such absence 
must be made previous to 6 P. M. Blank forms may be procured of the 
Chief of Squad. 
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Taps at 10.15 P. ~L 
At this call all lights must be put out and perfect quiet observed in tile 

camp. Whilst Graduates will not be requixed to answer their names at 
tattoo roll-call, nor to apply tbr permission to absent themselves from camp, 
they will be required to enter camp and retire noiselessly. 
, The l~efore-mcntioned hours may be changed if occasion requires. If  it 

is found that the Exposition is open at night, the hour for tattoo roll-caU 
will be so fixed as to permit students to remain until it is closed, and have 
ample time to return to camp. The hour for Reveille will, in that case, be 
also changed so as to allow at least eight hours for sleep. 

4. All students will be required to perform a due proportion of guard, 
or such other camp duty as may be found necessary. These duties will be 
so arranged as to cause tile least possible inconvellience and labor. 

] t  is expected that tile burden of each individual will be comparatively 

slight. 
5. Failures to comply with tile above regulations or any modifications 

of the same, o1" conduct reflecting upon the good name of the student, or of 
tile Institute, will be met with dismissal from tile camp, in which case tile 

funds deposited will be forfeited. 
To secure the uniformity of action necessary to avoid confusion, for pur- 

poses of police and cases of emergency, a Chief of Squad will be appointed 
for the members occupying each section of tents. An Assistant Chiee of 
Squad will also be appointed to aid the C. of S in the performance of his 
duties, and to act tbr him in case of his absence. The Captains command- 
ing Companies will act as C.'s of S. for sections A. and B. 

D U T I E S  O F  T H E  C H I E F  O F  S Q U A D ,  . 

�9 '1o call the roll at designated' times and report unauthorized absence 

thercfi'om. 
To superintend the police of the grounds in the immediate vicinity of the 

tents of his section. 
To see to the proper arrangement of the tents, ventilation, airing of the 

bedding, proper disposals of debris, and necessary provisions against fire. 
To report any needs for the comtbrt and well.being of his squad. 
To ascertain if any members of his squad are unwell, and to cause them 

to report to the surgeon at sick call; in case of the patient's inability to 
move, the C. of S. will report the circumstances to the sm'gcon in order 

that the proper attention may be givefi. 
To distribute at stated t im~ the permits given each day for absence. 
To aid at all times in the execution of such regulations as may be from 

time to time considered necessary. 
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The routine for Sunday will be as follows: 

Reveille, Breakfast and Police calls, one hour later than dm' ing 
�9 week days. 

Battalion drill will be omitted. 
Guard mounting at 9 A. M. 
Dinner at 1.30 •. ,~I, 
Supper at 7 P. M. 
Other calls same as week days. 

One or two tents in each section will be assigned for bathing purposes, 
and tubs will be placed therein. If  it is found that any waters in the 
vicinity call be used for swimming purposes, arrangements will be made to 
have a boat or other appliances for use, in case of emel~cneies. All are 
cautioned not to bathe immediately before or after eating, especially the 
latter. 

A wagon was sent daily to tile Exhibition Grounds with a 
luncheon which was served at the Mass. State building between 
the hours of 12 M. and 2 P .M.  Every aid was given us by 
Gen'l Oliver, in charge of the building, and he was ever on tile 
alert to add to our comfort and pleasure. Mrs. Vinton fi'eely 
permitted us to use her kitchen with all its appurtenances. 
This arrangement enabled our students to enter the Exhibition 
Grounds in the morning and remain until evening without being 
put to any extra expense for a mid-day meal. 

Hon. John Cummings, of the Corporation, who was in Phila- 
delphia, aided us materially in getting permission from the au- 
thorities for the entrance of the wagon and servants, as also in 
other matters. 

.The matter of feeding so large a number with but improvized 
appliances and with persons inexperienced in such work, was 
one of great difficulty. Many of those to be served were not 
able themselves to perceive the difficulties inherent in the work, 
and expected as much as if the party consisted of bu~ twenty 
or thirty. The difficulties were overcome in a measure and 
only the most fastidious remained dissatisfied with the com- 
missariat. With the experience derived from this, great hn- 
provements now appear to be feasible. All however was done 
that was possible under the existing circumstances and consid- 
ering the peenniary limits no complaint can be reasonably made 

i ..... f l 
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of the fare. Messrs. Blodgett and Knapp of the Institute, at- 
tended to the purchase of the provisions and superintended the 
management of the dining room. 

Considering the great change involved, and the experience of 
strangers generally in Philadelphia dm-ing the exhibition, file 
health of the party was exceptionally good. We were favored 
in having with us Dr. Sabin of Brookline, who, acting as sur- 
geon of the expedition, was devoted in the performance of his 
duties, not sparing himself, treating with such skill that in most 
cases twenty-four hours sufficed to produce a radical cure. His 
pleasing, cheering, tender ways did quite as much in producing 
the desired results as the medical prescriptions given. 

Ill establishing regulations for, and enforcing the discipline of 
the camp, it was tile aim to have the minimum restriction and 
military work consistent with maintaining good order and se- 
curing the proper sanitary conditions necessary for the health 
and comfort of all. As the object of the expedition was to 
study the exhibition, as the change of locality, climate, water, 
and mode of life were in themselves trying, every effort was 
made to enable tile students to economize their vital energies 
for the work ill hand. The milital T work and display was 
reduced to the minimum, and in every case was made to yield 
to the foregoing considerations. The conduct of the students 
was exceptionally good and the subject of general commen- 
dation. I do not think it is possible to gather from any other 
college or school in the United States, so large a body of young 
gentlemen who would so earnestly enter into the spirit of their 
work, accomplish the object of the expedition and have con- 
ducted themselves with tim same degree of propriety and con- 
sideratio'n. As the members detailed for daily guard were not 
obliged to remain in camp, but report for duty in time to be 
posted on a specified relief, reliance was placed entirely on their 
sense of honor and duty. 

The adjutant of the battalion, Mr. E. F. Williams, aided by 
the Sergeant Major, Mr. F. R. Loring, performed the duties of 
their office in fire issuing of orders and making details, etc., 
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most efficiently. This involved no little labor and responsibility, 
requiring great judgment and tact on the part of the Adjutant. 

The Signal and Ordnance Officer, Mr. W. B. Bradford, aMed 
the commandant materially as a staff officer "in the execution of 
many details of the camp. 

In the management of the camp and in the execution of all 
necessary regulations, efficient aid was given by the chiefs of 
sections, their assistants and the commissioned officers of the 
battalion. The following is the list of the chiefs of sections 
and assistant chiefs of sections, viz. : 

Chief of Section. 

Section A, Capt. Pierce. 
" B, " I. Rick 

C, C.F. Lawton. 
4, D~ T.E. Schwarz~ 
4, F~ J.B. Gardner, 
" F, W.H. Shockley~ 
" G, Adjt. E. F. Williams. 

Assist. C. of Section` 

1st Lieut. E. C. Miller. 
" L.O. Towne. 

J. P. Gray. 
C. T. Main. 
A. Austin. 
C. A. Church. 

For the entertainment of the students, a piano was rented 
~md a number of musicians were hired to play every evening. 
Tile dining l~om was cleared and hops were held therein. 
The students of the University attended bringing their lady 
friends. Many lady fi'iends of the students, present in the city 
also attended�9 All this added vel T much to the pleasure of 
our students and caused a larger proportion to remain in camp 
at night than would have otherwise been the case. The stu- 
dents of the University displayed a kindly and hospitable dis- 
position to our students, exerting themselves to add to their 
comfort and pleasure in many ways. Inrecognition of this, a 
reception was given to them and their friends on the night of 
June 21st. We were t~avored by the presence of a large num- 
ber of ladies. The camp was illuminated and some tent floors 
having been placed together, out of doors, dancing took place 
on these and in tile dining room. The camp was enlivened 
until after midnight by the presence of nearly twelve hundred 

11 
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ladies and gentlemen. The entertainment was eminently suc-. 
cessful as such. 

On tlle 22d of June a number of the party left for their 
homes, and on the .23d the larger proportion left returning by 
the same route they came. Supper and breakfast were served 
on board the boat by servants .returning to Boston with the 
party. They arrived in Boston somewhat fatigued but in good 
health and spirits, none regretting having made the trip. 

As it was impossible to break up the camp at once, and it 
was necessary to keep up a portion of it, whilst the rest was. 
being removed, camp equipage packed and grounds cleared, 
about fifty pr,~tessors._ and students remained until June 29th 
and 30th. A small camping party remained until July 5th, 
when they finally departed. 

In the preps'ration for file expedition and encampment, in tile 
labors pertaining to his office as Quartermaster during the en- 
campment, in the closing up its aflhirs and return of the large 
amount of camp equipage and other property, Mr. E. H. Gow- 
ingdisplayed marked ability and business capacity. The duties 
were laborious and difficult and tlmir satisfactory execution de- 
serves more than a passing notice. He was assisted by Messrs. 
W. B. Fisher and Jas. H. Tibbits. 

To the gentlemen mentioned not connected with the encamp- 
ment, thanks are due for the interest and kindness shown. I 
wish to express my warm appreciation of the efficient and un- 
selfish manner in which the students occupying tile various 
offices of tlle encampment performed their laborious and some- 
times otherwise thankless duties. These were of such nature 
that in many cases the casual observer would not know of their 
existence nor of their real necessity and importance. Without 
this unselfish devotion to their duties tim encampment could not 
have been successful ; they therefore deserve the thanks of 
the Institute. As to the results of the expedition to the school 
from an educationa~l point of view, you, Mr. President, are more 
capable of speaking. 

The expedition to the Centennial Exhibition will undoubtedly 
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be considered a noteworthy event in the history of the Massa- 
chusetts Institute of Technology, and I am pleased that I should 
have been able to take part therein. 

As this is my last report to you previous to severing my 
official connection with tile Institute, you will pardon me for 
adverting to matters not within my field of work, but which 
I am impelled to mention by my interest in the welfare of the 
Institute. In my report of last year, I referred at length to 
the subject of physical culture, its especial necessity to students, 
the aid given thereby to mental culture and the great benefits 
derived fi'om its introduction at Amherst College. I cannot 
advance any new arguments in tile matter. I am most strongly 
convinced of its importance in all schools. Especially is it 
necessal T at the Institute. Any time and money devoted to 
this, as a regular part of the curriculum of the school, will 
produce more than commensurate results and will add much to 
the future success and reputation of the school,--the spirit of 
earnest work which now pervades all who enter it will not so 
frequen'tly reduce their physical strength ~ they will add to it, 
do more vigorous mental work and live long enough to accumu- 
late and increase the knowledge and mental vigor necessary for 
the attainment of success; the Institute will be more likely 
to be decorated by laurels won by its Graduates. I most earn- 
estly entreat a careful consideration of this subject, being, as it 
is, of such vital importance. 

During my tour of duty at the Institute I have observed 
that a large number of its Graduates, without influential friends, 
find great difficulty in securing professional employment soon 
after graduation. With these especially, this is a matter of 
prime importance. It  is always the most difficult step to get 
the initial employment. The Graduates of the Institute are 
so well prepared, graduation necessarily conveys with it such 
capacity and preparation, that no doubt can be felt as to the 
future of the largest proportion. The prosperity of the school 
is inseparable from the prosperity of its Alumni. Tile sooner 
these become prominent in the Engineering and Scientific" 
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world, tile more quickly will the Institute acquire tile reputation 
which is its due, and tile material prosperity which will be 
brought to it by tile aid of its Alumni. It will be enabled by 
them to enlarge and improve its field of work and to increase 
its attendance. 

This may be brought about primarily, by the efforts of the 
members of its Corporation and its Faculty, by usin~ the in- 
fluence and interest which many of them possess ill the business 
and educational worM. Secondarily and finally this work may 
be taken up and carried on by the Alumni Association. Each 
Graduate will feel it his duty to tile school to endeavour to se- 
cure employment for other Graduates. No one can be so 
placed but that opportunities will present themselves; a strong 
esprit de corps will be created. They will not so often feel 
that their interest in tile Institute closes with their immediate 
connection, and both the school and its students will be bene- 
fitted. 

I am extremely desirous of seeing the work, which I have 
endeavored to shape so as to give the best results within 
its circumscribed limits, carried on successfully. In order that 
it may attain the highest degree of success possible within those 
limits, it is absolutely indispensable that it should receive tile 
ungrudging, unqualified, hearty support of the Faculty. Let it 
be considered that the military instruction is inevitably in the 
Institute as a necessary part of its creation and existence 
that experience has shown that it is not detrimental to its in- 
terests as a scientific school if properly managed and circum- 
s c r i b e d -  that it is desirable to make this portion of its currlc- 
ulmn as thorough, within its apportioned limits, as other work 
of the school m that it will be of benefit to the nation in 
the emergency of a war - -  that it is the desire to cause this work 
to be carried on in good faith with the Government m that it 
will be considered less a hardship by the students if they ob- 
serve that the work is inevitable and it receives the hearty sup- 
port of the Faculty. For these reasons, therefore, I most earn- 
estly make the parting request not alone to accord tile Military 
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instruction a passive but an active and generous s u p p o r t -  that 
efforts be made to make it absolutely attractive to the students. 
A careful consideration of this subject will surely indicate that 
such a course is the only one. open, in order to give stability to 
tlle department of military instruction, prevent its being detri- 
mental and a source of constant irritation. 

In parting from you officially let me express my appreciation 
of your unfaltering support and the courtesy with which I have 
been almost invariably treated by the members of the Corpora- 
tion, Faculty and Students of the Institute, during nearly four 
years of duty, which necessitated, on my part, a course abso- 
lutely distastefill and obnoxious to many. Amongst t'he stu- 
dents I have found a very large proportion, who, if life is spared 
them, will take a high standing ill any field of work which they 
may unde r t ake - - I  have found that tile general moral tone of 
the students, as a body and as individuals is higher than in any 
other school that has come under my observation. In review- 
ing the time spent by me at the Institute, I can not help but 
feel that, balancing all things, it has been both pleasant and 
profitable to myself. I will always feel an interest in its'welfare, 
and will endeavor to further it and the interests of its Students 
and Graduates whenever the opportunities to do so can be 
seized. 

I am Sir, 
Vel T sincerely and respectfully, 

E. L. ZALINSKI,  
1st Zieut: 5th ?_7. ~q. Artillery. 



LOWELL DEPARTMENT OF INDUSTRIAL DE- 

SIGN, FOR 1875-76. 

President J. D. Runlde: 

At the close of the fourth year of my department, I have 
the honor to submit to you the ibllowing report of the progress 
attained 1)y my pupils. Of the entire number of graduates, 
twenty-four, twenty-two have received situations as design- 
ers and finishers in different mills in the New England and 
Middle States. During the pa~t year tile school has had 
two public exhibitions, one in Boston, file other ill Philadelphia, 
at the (~entennial Exhibition. At both places the exl'ibitions 
were well attended mid a large and varied collection of patterns 
was displayed. At Philadelphia we were awarded two diplomas, 
one by the Women's Department; the other by the General 
Commissioners. The reasons assigned by the latter for their 
bestowal are as follows: "For  the beauty, and general merit 
of the drawings exhibited; for their useful effect on various 
important industries and especially for their bearing upon tech- 
nical education in general." The advanced pupils have the 
privilege of" exhibiting their designs to manufacturers and fre- 
quently succeed in disposing of their patterns. 

I would suggest the necessity of more materials as samples 
of the style of the season, such as novelties in oil cloths, prints, 
laces, cretonnes, carpets and fancy woolen goods. From these 
we obtain ideas of the prevalent style and thereby are enabled 
to suit tim market. At present we have only the sample 
patches from Claude Frgres of Paris. After long exertions I 
have succeeded in obtaining a loom, on which I propose to 

(1G6) 
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t e a c h  w e a v i n g  to  m y  pupi ls .  B y  t h e  a id  of t h e  loom,  I a m  

e n a b l e d  to s u p p l y  a d e f i c i e n c y  w h i c h  has  l o n g  e x i s t e d  in m y  

d e p a r t m e n t  ; I c an  n o w  fu rn i sh  d e s i g n e r s  for  sill~ a n d  w o o l e n  

goods .  W i t h o u t  a l o o m  such  a t h i n g  is imposs ib l e  ; as a d e -  

s i g n e r  for silk a n d  w o o l e n  goods  m u s t  f l m r o u g h l y  u n d e r s t a n d  

w e a v i n g ,  and  t h e  a r t  of  pu t t i ! lg  a d e s i g n  on  t h e  loom.  D u r i n g  

t h e  las t  f ew m o n t h s  I h a v e  i n t r o d u c e d  c e r a m i c  p a i n t i n g  a n d  t h e  

d e c o r a t i o n  o f  p o t t e r y ;  t h e  y o u n g  lad ies  a r e  m u c h  i n t e r e s t e d ,  

a n d  b id  fa i r  to m a k e  a g r a t i f y i n g  success  in th is  b r a n c h  o f  a r t .  

T h e  fo l lowing  is a list o f  t h e  pup i l s  in  s i tua t ions ,  a n d  t h e  p lace  

o f  e m p l o y m e n t  o f  each .  

James L. Folsom . . Hartford Carpet Co., Thom'sonville, Conn. 
:klex. Johnston . . . Pacific Mills, Lawrence. 
Sam'l Hudson . . . " " " 

Everett Authes . . . Manchester Print Co., Boston. 
!tiary Jefferson . . . " " " " 
Elizabeth Mendum . . " " " " 
Carroll S. Faunee . . Hamilton Woolen Co.~ :New York. 
Chas. H. Cowdrey . Oriental Print Co., Boston. 
William Schroeder . . " " " " 
Howard G. Hinckley . . Merrimac Print Co., Boston. 
S .  R .  E a t o n  . . . " " " " 

Edgar :Eames . . . " " " " 
Mianie Ricker . . Hamilton Print Co., Boston. 
Harriet A. Parker . . Roxbury Carpet Co., " 
Henry P. Mabille . . American Print CO., :New York. 
Annie D. Stimers . . Sprague Print Co., " " 
John H. Tarbell . . . Donnell :Manut~,m, Co. " " 
Kate T. Simonds. . . David Browne & Co., Philadelphia. 
Edward Williams . . Lithographer, Boston. 
Henry Morse . . . Carpet Mills, Maine. 
Ernest  Pierce . . �9 Pacific Mills. 

R e s p e c t f u l l y  s u b m i t t e d ,  

C H A R L E S  K A S T N E R ,  

D i r e c t o r .  



D E P A R T M E N T  OF A R C H I T E C T U R E .  

.President Runkle, 
DEAR SIR : - -  The department under my charge was fully de- 

scribed in your Report for the year 1875, and but little change 
has since taken place in it. The only unusual event during 
the year 1876 has been the exhibition of the work of its stu- 
dents at the International Exhibition at Philadelphia. No 
drawings were made expressly to be exhibited, the instruction 
following its usual course, but in addition to those made by stu- 
dents still in the school a certain number were obtained t~om 
students of previous years, so that we were able to make a very 
fair presentation of the work of the Department. The result 
was unexpectedly satisfactory, and the drawings attracted a 
gTeat deal of favorable attention especially on the part of visitors 
frown abroad. They were quite unlike anything else in the 
Exhibition, the American schools not undertaking to cover the 
ground that we go over, and the foreign schools of similar grade 
not exhibiting their work. Towards the close of the Exhibition 
the American Institute of Architects held its annual Conven- 
tion in Philadelphia, and a valuable opportunity was thus of- 
fered of making known to the profession the real issue of our 
undertakings. At about the same time infolunation was received 
from Col. J. J. Marin, Commissioner fi'om the King of Spain, 
that ,*he splendid collection of casts of Moorish and Spanish 
architectural detail which formed a chief point of interest in 
the Spanish Pavilion was to be distributed among the educa- 
tional museums in different parts of the count~'y, and that in 
addition to those sent to the Museum of F ine  Arts in Boston a 
portion of them would be sent to augment our own collections. 

(168) 
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After file close of the Exhibition, accordingly, about fifty pieces 
of Saracenic and Renaissance detail were delivered to ore" agent 
in Philadelphia and are now hung upon our walls. Col. 
Marin was also good enough to accede to my suggestion, and 
send us a very interesting set of drawings made in the Munici- 
pal Schools of Madrid. At the same time we received from 
the agents of MM. Dficher et Cie, of Paris, through M. Al- 
bert Levy of New York, six screens, covered with examples of 
their architectm'al publications, of great interest and value, and 
from Messrs. Galloway & Graft, of Philadelphia, a large vase 
in red terra-cotta, from an o~jginal in the British Museum. 

Almost all the students then belonging to the Department, 
with as many as a dozen former students, joined the expedition 
organized by the authorities of the Institute and encamped for 
a fortnight ou the grounds of file University of Pennsylvania. 
The points of professional interest proved too numerous to 
admit of systematic study during so short a period, and in re- 
spect of tangible results the undertaking so far as concerns tiffs 
Department disappointed my expectations. But it was none 
tile less a success, and the young men found that although they 
had not much to report in regard to the special topics assigned 
to each, it saved them from wasting time to have their atten- 
tion thus definitely fixed upon special points of real interest. 

Besides the gifts above mentioned a number of volumes of 
professional interest have been received t~rom Mr. Geo. B. 
Emerson, from Mr. E. C. Cabot, and from Mr. G. J. F. Bry- 
ant, and the Royal Institute of British Architects in London 
and the Socidt6 Centrale des Architectes in Paris continue 
regularly to send us their publications. We are also indebted 
to Messrs. Hartwe]l & Swasey for a large and interesting model 
of a chm'ch erected by them at Fall River. No other impor- 
tant additions have been made to the library or collections, but 
a good deal of work has been done in re-arranging and cata- 
loguing, and in binding and re-binding books, and the number of 
diagrams used in the lectures has been considerably increased. 

The collections, though thus deficient in new material and 
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without the means of supplying old deficiencies which become 
daily more apparent, prove more and more serviceable as 
the work of tile department is so adjusted as to bring them into 
more constant use. As their character and value become 
better known in the community and as interest in such subjects 
increases, their range of service becomes every year more ex- 
tended, tile books, drawings and photographs being freely lent 
to responsible persons when this can be done without inconven- 

ience to ourselves. 
But in this respect as in every other the usefulness of the 

department is greatly impeded by the limitation of its re- 

sources. 
The number of students, both Regular and Special, has been 

larger than ever before and of better quality, the two years 
Special Course affording opportunities for young men who have 
already had an oi~ice training to come and get the training that 
an architect's office cannot give, of which an increasing number 
of such students fi'om various parts of the country show a dis- 

position to avail themselves. 
I am, very respectfully, yours, 

W I L L I A M  R. W A R E .  



MINING E X P E D I T I O N  TO PENNSYLVANIA.  

President Runkle, 

DEAR SIR: - -Though the long study of the Centennial Ex- 
hibition had made considerable drafts on our time, strength, 
and money, it seemed advisable that the mining students, 
before our return to Boston, should take advantage of our near- 
ness to the anthracite region and spend another week in seeing 
something of the great mineral resources of Pennsylvania in 
sltu. Accordingly we made up a party of thirteen, of the 
classes of 1876 and 1877. Arranging for some to join us on 
the way, ten of us started early Monday morning, June 26th, 
by the North Pennsylvania Railway, and arrived betimes at the 
busy town of Bethlehem. Here a walk of some four miles, 
under a blazing mid-day sun, brought us to the Bethlehem zinc 
mine, noted for being drained by one of the most powerful 
pumping engines in the world. The mine itself is of a remark- 
able character and its irregular veins were yielding a good sup- 
ply of very compact blende. But .the huge engine had to be 
kept in unceasing motion to render the deposits accessible, and 
the cost of working had become too great as compared with the 
contract price of New Jersey zinc ore, and not long after our 
visit the mine was closed not to be reopened probably for a 
generation to come. So it seems we had improved almost the 
last opportunity to go through the intricate, dripping passages 
of the Bethlehem zinc mine. Returning to a very late dinner 
in town we afterwards spent some time in the extensive zinc 

(171) 
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smelting works and took up the rest of the long day in watch, 
ing two "blows" of Bessemer iron in the immense and well 
appointed works of the Bethlehem Iron Company. 

A night ride brought us to the closely hemmed in town of 
Mauch Chunk, wifll its never ending rumble of coal trains. 
Tuesday morning we found our way to the romantic Glen 
Onoko all aglow with its lavish profusion of wild rhododendron 
flowers. Here was scenery that might well stir the hearts of 
even such delvers in the earfll as ourselves, and when we had 
scaled the heights above and were enjoying the broad view 
fi'om Lookout Point it was resolved, in our by no means tem- 
porary enthusiasm, that a visit to Glen Onoko may make an 
entirely proper and legitimate part of a mining excursion. 
The returning train brought us back to Mauch Chunk in time 
for a forenoon trip up file famous Switch Back railway to 
Summit station. We took a half mile walk along the surface 
debris of the burning coal mine and crawled down into one 
opening far enough to find an icepavement. Little indication 
was there of the combustion which has been going on for years, 
except one or two very faint vents of vapor through cracks at 
the surface of the ground. When dinner was over we had to 
hurry a mile down hill, baggage in hand, to catch the train for 
Tamaqua. At dusk we found good quarters in Pottsville, and 
while waiting for the arrival of the rest of our party from Phil- 
adelphia some of us visited the only blast furnace then at work 

in town. 
The next day we joined the excursion party of file American 

Institute of Mining Engineers, and enjoyed a rare opportunity 
of seeing the best parts of the anthracite region. Leaving the 
excursionists at Reading we waited some time for the westward 
train, and reached Harrisburg soon enough to have some fbur 
hours' sleep before a very early start for ,lohnstown. So the 
ascent of the Alleghanies and the ride around Horse Shoe 
Bend was m~tde by daylight after a breakSast at Altoona, and 
our westward destination was reached before noon. Johnstown 
proved a much more comfortable place than the dingy aspect of 

! 
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filings there would lead one to expect. We were very court- 
eously received at the extensive works of the Cambria Iron 
Company, which were in full operation, turning out two thou.- 
sand toils of rails per week, notwithstanding the great depression 
ill tile iron business. But with coal and iron ore on the spot 
and each costing, ready for use, considerably less than a dollar 
a ton~ this Company may well defy competition. Here was a 
fine chance to study in one compact area several three foot 
semi-bitmninous coal seams, a thirty inch deposit of iron car- 
bonate, the wholesale roasting of the ore, the manufacture of 
fire bricks, coal washing, the skilfnlly planned coke kilns with 
steam discharging-ram, blast furnaces, puddling furnaces, rail 
mills, and Bessemer converters, running day and night. Mr. 
Fulton, the engZneer of the Company, devoted his whole time 
to us for a day, and having studied his work as an investigator 
was able to give us much new information at first hand. 
Crouched down in mine cars we had a lively two mile ride 
underground through the horizontal upper coal seam, and an- 
other through the ore bed. We are much indebted to the 
Superintendent and his several assistants for their kind atten- 
tion and hearty aid during our very instructive and pleasant 
two days' stay. 

More time might have been well spent, but it was possible, by 
starting homeward Friday night, to reach Boston before the 
national holiday and avoid tim extraordinary rush of travel to 
the grand centennial celebration in Philadelplfia. As it was, we 
could not all secure seats in the cars till some of' our fellow 
passengers got out at Cresson Springs. We reached the old 
camping ground, where a few tents were still standing, in sea- 
son for breakfast Saturday morning. Here the party was re- 
solved into individuals, some staying longer in Philadelphia, 
some. going on at once to New York, some taking another look 
at the Exhibition before embarking in the noon train for home. 
The approaching fourth of July had caused us to crowd a 
proper fortnight's work into six days, but after a few days' rest 
I believe no one felt the worse for our flying trip. 
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I must not close without grateful mention of assistance ren- 
dered by Mr. Felton and Mr. Gowen, whereby transportation 
on the Pennsylvania Central and Reading railroads was secured 

on the most favorable terms. 
Respectfully yours, 

JOHN M ORDWAY. 



APPENDIX. 

CENTENNIAL CATALOGUE. 

THE MASSACIIUSETTS I~'STZTUTE OF TECH~'OLOGY exhibits:-- 

1. Two Photographs of its Buildings, in Boylston Street, Boston, and 
twenty Photographs of the principal lecture-rooms and laboratories. 

2. A complete set of printed documents describing its work. 
3. A set of elementary Drawings made by students of the First Year 

in portfolios. 
4. Drawings of students in the Department of Civil Engineering, 

framed and in portfolios. 
5. Drawings of students in the Department of Mechanical Engineer- 

ng, framed and in portfolios. 
6, Drawings and Designs of students in the Department of Architec- 

ture, framed. 
7. Drawing, Models and Samples, illustrating the professional work 

in the Department of Mining and Metallurgy. 
8. Models, Instruments and Papers, illustrating the professional work 

in the Department of Physics. 
9. Drawings and Designs made by pupils in the Lowell Free School of 

Industrial Design. 
10. Graduating Theses in the Departments of Civil, Mechanical and 

Mining Engineering, Architecture, Physics, Chemistry, Natural History, 
Science and Literature, and Philosophy. 

The exhibition consists enth.ely of work done in the school, and the 
apparatus of instruction is not exhibited except so far as it hus been devised 
or made by prof~sors or students. 

THE DEI'ARTME.~'T OF CIVIL ENGINEERING exhibits:- 

]. Sixteen framed drawings. 
II. Ninety drawin~ in porttblios. 

The subjects of these Drawings embrace Railroad Surveys, Topog- 
raphy, Stone C|~tting, Bridge and Roof Construction, and Original 
Designs for Structures. 

07@ 
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IIL Thirteen theses by members of the class graduating this year, as 

follows:- 

1. ~'he Providence, R. 1., Water Works, by Thomas Aspinwall, Jr., 
Brookline, Mass. 

2. Tile Merrimac River Bridge, at :Nashua, ~. H., by Thomas W. 
Baldwin, Bangor, Me. 

3. The West Chester Park Bridge in Boston, by Joshua B. F. 
Breed, Louisville, Ky. 

~. A Review of the Buffalo Water Supply, by tlarry T. Buttolph, 
Buffalo, lq. Y. 

5. The Front Street Bridge in Worcester, Mass., by Frederick K. 
Copdand, Fairhaven, Vt. 

6. The Broadway Bridge in Boston, by John R. Freeman, W. 
Bridgton, Me. 

7. The Superstructure of the East River Suspension Bridge in 
lqew York, by Martin Gay, Staten island, lq. Y. 

8. The Albany Street Bridge in Boston, by Frederick W. Hodgdon, 
Arlington, Mass. 

9. The Iron Bridge over the Merrimae River at Tyngsboro', Mass., 
by Arthur L. Mills, Everett, Mass. 

10. Design for a Wrought Iron Post Truss, by Henry Raedcr, Hyde 
Park, Mass. 

11. Draw in the West Boston Bridge, by C. Leon Rich, Morris- 
~wn, Vt. 

12. The Eastern Avenue Swing Bridge in Boston, by Henry M. 
Waitt, Nantucket, Mass. 

13. A Higllway Bridge at Haverhill, Mass., by Henry B. Wood, 
Woburn, Mass. 

THE DEI'ART,ME,~T OF ~IECIIANICAL ENGINEERIZCG exhibits:-- 

I .  

portfolios, 
Boilers. 

1-21 
22-25 
26-28 
29-30 
31-45 

Four hundred and thirteen drawings and tracings framed a=d in 
as follows:-- 

A Martin Boiler. 
Boiler of Providence Pumping Engine. 
Boiler of Monito:" ,Nahant. 
High Pressure Marine Boiler. 
Cunningham Stationary Boiler. 

r 

4 Drawings, 17 Tracings, 
4 Tracings. 
3 Tracings. 
2 Tracings. 

15 Drawings. 

,Stationa~T Engines .  
46-82 Harris Corliss Engine, Elevation. 

,, ,, ,, Details. 

2 Drawings. 
12 Drawings, 5 Tracings, 
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83-85 13 HP. Iligh Pressure Engine. 
86 Beam Engine. 

87-90 Steam Cylinder and Valve. 
Marine Engines. 

91-94 Beam Engine. 
95-100 Engine of Steamer Humboldt. 

101-109 Launch Engine. 
110 ~larine Engine. 

Locomotive ;E~gines. 
111-160 Elevation and Details. 

&~am Pumps and Pumph~g Engines. 

1 Drawing, 2 Tracings. 
1 Drawing, 

2 Drawings, 2 Tracings. 

4 Tracings. 
6 Tracing. 

6 Drawings, 1 Tracing. 
1 Drawing. 

9 Drawings, 41 Tracings 

161-169 Blake, Lawrence and other Pumps and Pumping Engines. 

Hydraulic/llachinery. 
170-175 Cranes and Pre~em 
Water l]lotors. 
176-186 Turbines and Breast Whbels. 
Screw Pro.pellers. 
187-193 Various examples. 

9 Tracing. 

�9 5 Drawing, 1 Tracing, 

2 Drawings, 9 Tracings. 

17 Tracings. 

4 Dra~vings. 
1 Drawing. 

8 Drawings. 
2 'IYacings. 
1 Drawing, 

2 Drawings. 
7 Drawings. 

3 Drawings. 
"2. Drawings, 1 Tracing. 

24 Drawings. 
14 Drawings. 

�9 Machb~e Tools, etc. 
194-t97 Upright Drill. 

198 Boring Machine. 
199-206 Car-axle Turning Lathe. 
207, 208 Steam Hammer. 

209 Steam Derrick. 
211, 212 Section of Mill. 
213-219 Stub End. 
220-222 Cross Head. 
223-226 Eccentric. 
227-251 Screws, Cams, Cranks, ete, 
252-265 Driving Pulley. Boott Mills. 

Toothed Wheels al~d their Construction. 
266-280 Sector Geal-s. 15 Drawings. 
281-294 Bevels. 14 Drawings. 
295-337 Gear Templets, 43 Drawings. 
338-341 Sector Gears, 4 Drawings. 
342-359 Bevel Gears. 18 Drawings. 
360, 361 Gear Teeth. 2 Drawings. 
362-370 Rolled Curves. 9 Drawings. 
371-382 Course in Gea.r Construction. 12 Drawings. 
383-389 Gear Templets. 7 Drawings. 
390-413 Spur Gem~. 23 Drawings, of which seven are designs. 

12 
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These Drawings are not exhibited as evidences of skill in Draughtsman- 
ship, but as graphical reports of some of the information which the Stu- 
dents acquire during their professional course. They are the work of 
Students, and are about half the drawings made by them during the year. 

II. Seven Theses by the Graduating Class. 
1. Locomotive Engineering, by Francis E. Galloupe, Lynn, Mass. 
2. Steam Boilers, by Clarence L. Dennett, Beverly, Mass. 
3. Screw Propellers, by Charles F. Prichard, Marblehead, Mass. 
4. The Efficiency of Marine Engines, by Charles T. Main, :Marble- 

head, Mass. 
5. Design for a Mechanical Laboratory, by Aaron D, Blodgett, 

J 

Boston, Mass. 
6. Shafting and its Fitt ing, by Theodore J. Lewis, Philadelphia, Pa. 
7. Paper Mills and Machinery, by Sumner Hollingsworth~ South 

Braintrce, Mass. 

THE DEPARTMENT OF ARCIIITECTURE exhibits 77 drawings in 60 
frames, illustrating the instruction in Architectural Drawing and Design. 
These drawings are the work of the regular and special students during the 
last year and a half, and comprise about a tenth part of similar drawings, 
made during that time by about fifty different students. 

1. The Drawings nmnbered 1 to 5 show tile Elementary Work taken up 
at the beginning of the Course. Every student does similar work to this, 

or its equivalent. 2. The Drawings numbered 6 to 11 are exercises in Architectural Draw- 
ing, being i~ac -simile copies of original drawings, made in the Ecole des 

Beaux-Arts, in Paris, now in possession of the Department. 
3. The Drawings "fi.om prints" numbered 12 to 19, involve more inde- 

pendent work than the foregoing, the originals being in most cases small 

llne drawings, without shading or color. 
4. The Drawings numbered 20 to 24, are made from free-hand sketches 

of buildings in Boston, generally without exact measurements. Thi~ work 

is done by the more advanced cl~s. 
The work already mentioned is mostly done during the months of October 

and ~ovember, at the beginning of the school year. 
The six remaining months, from December to May inclusive, are mostly 

occupied with a series of architectural problems, made in accordance with 

written programmes, specimens of which are given. 
The sub~ects of these drawings a r e : -  
l ,  A ~'orch; 2, A Campanile; 3, A Summer House; 4, A Pavilion be- 

tween two Bridges; 5, A Billiard Room and Boat House; 6, The Employ- 
ment of Six Columns; 7, A Temple Tomb; 8, A Staircase under a Vault 
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or Dome; 9, The Restoration of a Pompeiian House; 10, A Lamp Post; 
11, A Fountain; 12, A Memorial Library; 13, A Memorial School House; 
14, A Railroad Station; 15, An Artist's House; 16, A Catholic Church; 
17, Water-bVorks in a Park; 18, A DweUing House; 19, A Farm Barn; 
20, A School of Architecture. 

5. The rest of the drawings, numbered 25 to 60, illustrate tiffs work. 

This Department exhibits two Graduating Theses, illustrated by drawings. 

1. A Railroad Station upon a Bridge, by William B. Dowse, of Boston, 

2. Reservoir and Water Works in a Park, by Amos J. Boyden, of Fox- 
boro', Mass. 

THE DEPART,~ENT OF MZ~:~G AND METALLURGY exhibits: 

1. Two Sketches of the Mining Laboratory. 
2. Two Sketches of the Metallurgical Laboratory. 
3. A Novel Assay Ore Dresser. 
4. A set of Samples of work done by this Ore Dresser. 
5. A Tabular Statement of the System of Ore Dressing used at the 

Institute. 
6. A set of Samples taken from the working of a ton of Ore with the 

Mining Machinery in the Laboratory. ., 
7. Specimen of Lead from the Practical Treatment of an Argentiferous 

Lead Ore fi'om Burleigh Tunnel, Colorado, extracted by S. James, Jr., in 
the Metallurgical Laboratory, fi'om 1100 lbs. of ore. 

r 

8. Specimens of Lead fi'om the Practical Treatment of an Argentiferous 
Lead Ore t~om the Merrimae Mille, Newburyport, Mass., extracted by W. 
D. Townsend and Julius H. Susmann, in the :Metallurgical Laboratory, 
from 784 lbs. of the ore. 

Six Graduating Theses. 
1. The Newburyport Silver Lead Mine, by J.  IL Susmann and W. 

D. Townsend, Boston. 
2. The Richmond Blast Furnace, by Thomas W. Robinson, Chi- 

cago, ~11. 
3. A Report on the Vershire, Vt., Copper Mine and Ore, by R. It. 

Gould, East Cambridge. 
4. The Port Henry Iron Foundry, by C. F. Allen, Cincinnati, O. 
5. Tile Metallurgical Treatment of an Argentithrous Galena fi'om 

Burleigh Tunnel, Colorado, by S. James, Jr., Cambridgeport, Mass. 
6. An Investigation and Report on tile Pomeroy Iron Works at 

West Stockbridge, Mass., by Theo. E. Schwarz, Boston. 
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THF~ DEPARTMENT OF CHEMISTRY exhibits: 

Five Theses of the Graduating Class. 
1. Anthracene, a Coal-Tar Product, by Charles R. Fletcller, Chel- 

sea, ~Iass. 
2. The Action' of Chloride of Sulphur upon Spirits of Turpentine, 

by Albert H. Low, of Chelsea, :Mass., and Charles N. Waite, of 
:Medford, Mass. 

3. The Action of Tnngstic Acid upon Gelatin, by W. P. Atwo0d, 
Lowell, :Mass. 

4. A Practical estimation of the Value of Tanning Materials, 
together with Points on Tanning, by Wm. E. Nickerson, Somerville, 

5. The Determination of Oxygen in Organic Bodles, by Charles C. 
B. Fish, Cambridgeport, Mass. 

THE DEPARTMENT OF PHYSICS exhibits: 

I. Experimeat.~. 

1. Estimating Tenths. 
14. Spherometer. 
72. Polarized Light. 
These experiments are selected fi'om a list of two hundred, and are per- 

formed by students in classes of twenty or thirty. 
The apparatus is simple, inexpensive, and not easily injured. 

$ 

II. Work done by students. 

�9 1. Curves showing the results of the abo. ve experiments. 
When two nearly coinciding are given, one is obtained by calculation, 

the other by actual measurement. 
2. Photographs taken by students. 
3. Simple Truss Bridge, built by students. 
4. Arch Bridge, pl'anned, built, tested and reported upon by E. Hol- 

brook, student. 
5. Draw-bridge, planned, built, tested and reported by C. D. Austin 

and W. T. Blunt, students. 

III. .Novelties al~d Inventions. 

1. Polarimeter~ to measure the amount of polarization in a beam of 
light. Invented by E. C. Picketing. 

2. Simple apparatus for drawing Lissajous' curves. Invented by E. C. 

Pickering. 
3. Wind Vane. Invented by W. H. Picketing, sludent, 
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4. Micrometer Level, ~nd Mountain Stadia, to determine tile height 
and distance of a distant mountain. Invented by E. C. Pickering. 

5. Balance, in which the object to be weighed and the weights are suc- 
cessively placed in the same scale. Invented by E. C. Pickering. 

6. Dividing Engine. A cheap and accurate instrmnent for construct- 
ing scales of equal parts. Invented by E. C. Pickering. 

7. Plane Table. Invented by E. C. Picketing. 
8. Cosine Galvanometer. 
9. Simple Galvanometer. 

10. Phonautograph Curves, drawn by C. F. Morey, student. 
11. Daylight Photometcr,.made by Charles H. Williams, student. 
12. Results of experiments made by students on saving heat by different 

ways of covering steam pipes. 
13. Resistanc,~ Coils, made and adjusted by students. 
14. Published Memoirs, by students. 
15. Text Books. 
16. Examination Papers on Lectures. 

IV. Tlu'ee Theses by the Graduating Class. 

1. The Atomic Theory as applied to Gases, with some Experiments 
on. the Viscosity of Air, by SUas W. Holman, Framingham, Mass. 

2. :New Experiments in Sound, by William W. Jaques, of :Newbury- 
port, Mass. 

3. On the Mean Specific Gravity of the Earth, by J. B. IIenck, Jr., 
of Brookline, Mass. 

~ 

Tr[E DEPARTMENT OF ~TATURAL HISTORY exhibits: 

Two Theses by the Graduating Class. 

1. Geology of Eastern Massachusetts, with a Map, by W. o. Crosby, 
Georgetown, Col. 

2. Catalogue of file Alcida~ contained in' file Museum of the Boston 
Society of Natural History, with a Review and proposed Classifica- 
tion of the Family, by W. B. Barrows, of Reading, Mass. 

TH~ I)EPARTMENT OF SCIENCE AND LITERATURE exhibits: 

Three Theses by the Graduating Class. 

1. The Kingdom of Italy, by W. E. Davis, of San Francisco, Cal. 
2. The Times of Edward the Third, by Charles H. Heustis of Hyde 

Park, Mass. ~ 
3. The Britisll Provinces of Australia, by Charles A. Sawyer, of Chi- 

cago, Ill. 
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THE DEPARTMENT OF PHILOSOPHY exhibits: 

Two Theses by the Graduating Class. 
1. Kant's _~Esthetic : A Re-statement of it, with some Critical Que- 

ries, by David W. Phipps, Boston, Mass. 
2. Historical and Logical Relations between Fichte and Kant~ by R. 

C. Ware, Marblehead, Mass. 

THE LOWELL SCHOOL OF PRACTICAL DESXGY exhibits seventy-seven 
designs in thirty-seven frames, file work of its male pupils. The work of 
the female pupils is exhibited in the Women's Pavilion. 



CATALOGUE OF MATERIAL 

COLLECTED AT 

THE CENTENNIAL EXHIBITION OF 1876. 

Class. 
1. 
2. 

C O N T E N T S .  

DEPARTMENT I. ~ EDUCATION A N D  SCIENCE. 

Books and Pamphlets for the General Library. 
- ,, ,, " Department of Civil Engineering. 

3. " " " " " Mechanical Engineering 
4. " " " " " Mining Engineering. 
5. " " " " " Architecture. 
5 ~ .  " " " " " Physics. 
6. Articles constructed from Wood and Iron for purposes of Instruction. 

DEPARTMENT I I . ~  AGRICULTURE. 

FOREST PRODUCTS, 

7. Timber and useful Woods. 

TEXTILE SUBSTANCES OF ANIMAL OR VEGETABLE ORIGIN. 

8. Wool, washed and unwashed. 
9. Hair, Bristles, &c. 

10. Silk in the cocoon and reeled. 
11. Cotton on the stem, in the ball, and ginned; also Cotton and Fibre See~ls. 

AGRICULTURAL PROD~'CTS. 

12. Cereals, (Wheat, Rye, Oats, &c.,) with their products. 
18. Plants used for Food other than Cereals, (Peas, Beans, &c.) 

14. Nuts. 
15. Fleshy Fruits, (Dates, Apricots, &c.) 
16. Thein Plants, (Tea, Coffee, Cocoa, &c.) 
17. Sacharine Seeds and substances. 
18. Aromatics, (Anise, Dill, &c.) 

Oss) 
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19. Olengineous Seeds, (Flax, Rape, Dill, &c. ) 
20. Forage Plants, (Clover, Hay, &c. ) 
21. Gums and Resins. 
22. Medicinal Plants. 
23. Miscellaneous Seeds and Plants. 

DEPARTMENT III. -- MINING AND METALLURGY. 

MINERALS, ORES, BUILDING STONES AND MINING PRODUCTS. 

24. Mineral Combustibles, (Coals~ &e.): 
25. Clays, Kaolin, Silex, &c., Earths, and Refractory Stones for Furnace Lining. 
26. Limes, Cements, both raw and burned, aeeompalliod by speeinmas of the crude 

rock or material used. Also Artifieiid Stone, Concrete v &e- 
27. Iron Specimens in tim Pig and Rolled Bar. 
28. Collection of Ores and Associated Minerals. 

METALLURGICAL PRODUCTS. 

29. Lead and Silver, (the result of extractive processes). 

DEPARTMENT IV.--  MANUFACTURES. 

"YARNS. AND WOVEN GOODS. 

3~). Cotton Sheeting and Shirting, plain and twilled. 
31. Co'trse F'tbrics of Bark, Grass, &c. 
32. Woolen and Mixed Fabrics, Yarns, &o. 

M E T A L L I C  PRODUCTS. 

33. Telegraphic Wires and Specimens of the Insulating Materials in both the Crude 
and Manufitctured states. 

84. Specimens of Nails, Tacks, &e. 
35. Files and Hardware. 

CHEMICAL PRODUCTS, CERAMICS~ POTTERY~ ETC. 

~6. Bricks, Drain Tiles, &e. 
37. Fire Clay Goods, (Crucibles, Pots, &e.) 
38. Tiles, plain, enamelled and encaustic; also for pavements, rooting, &c. 
g�. Porcelain and Pottery. 
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D E P A R T M E N T  I. 

CLASS 1. 

169. 

72. 

73. 

74. 

75. 

76. 

71. 

5. 

14. 

135. 

136. 

24. 

11. 

7. 
113. 

94. 
204. 

155. 
107. 

35. 
101. " 

36. 
19. 

102. 
34. " 

33. " 

21. " 
27. " 
98. " 
99. 

100. 
la. 
20. 

198. 
53. 

124. 
87. 

134. 
79. 
59. 

57. 
64. 

208. 
125. 

ROOKS AND PAMPHLETS FOR THE GENERAL LIBRARY. 

Abernethy, Alonzo. School Laws of Iowa. 
American Museum, N . Y .  1st Annual Report, 1870. 

" " " 2d " " 1871. 
" " " 3d and 4th " 1872. 
" " " 5th and 6th " 1874. 
" " " 7th' " 1875. 

American Museum, N. Y., ceremonies at laying of corner stone, 1874. 
Argentine Republic. Centenni.'tl Catalogue of the Argentine Section. 
Austria. Katalog. der Osterreichischen Abtheihmg. 
B,mkers Building (Centelmial Grounds). Report of Opening of Building, 

Barcena, Mariano. Certain Mexican Meteors. , 
" " The Rocks known as Mexican Onyx, (2 copies.) 

Belgique. C,ttalogue des produits industriels et des (Euvres D'Art,  (4 copies). 

Belgium. Catalogue des (Euvres D'Art ,  (3 copies). 
Bel~um.  Construction et Ameublement  de Batiments D'Ecole. 
Bitterlin, Paul et Fils. Catalogue of Publications. 
Boston College C,ltalog~m, 1874-75. 
School of Modern Languages, Boston. Report. 
Brazil. Agricultural Industries for Emigrants. 

" Archivos do Museu Nacional. 
Catalogo da Exposiqao Nacional em 1875. 
Deserip~ao topogcaphiea do Mappa da provincia de Santa Catharina, 
Estudos sobre A Qnarta Exposiqao National de 1875. 
Relatorio sobre a pretendida enxertia da c.mna de assucar, 1876. 

Revista de Horticultura. 
Subsidies to the formation of the physical map of Brazil. 
Supplement No. 1 to Brazilian Catalogue. 
Special Catalogue of the Brazilian Section. 
The Eml)irc at the Universal Exhibition, 1876. 

" " (German) 
- " (French) 

" " The Matd of Parana. 
" Trab,flhos Historicos Geographicos. E. Hydrogmphicos. 

Brewers ~ Industrial Exhibition 1876. Essays on the Malt Liquor Question. 
Buist & Co., l'hila. Catalogue and Garden Manual. 
Canada. Catalo~m of Elucational  Exhibit.  

'~" Catalogue of Exhibitors. 
" Council of Art~ and Manufactures. 
" Descriptive catalogue of Economic minerals. 
" Educational institutions of the Province of Ontario. 

" Information for intending emigrants. 
" Province of Ontario, Annual Report of Commissioners on Agriculture 

and Arts. 
" Rapport sur le service de l'A.~ile d'Alienes de Quebec. 
" Report of Fruit  Grower's Association of Ontario. 
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91. Canada. Report of tile Select Committee on Immigration and Colonization, 
92. '~ Report of the Surveyor General of Dominion Lands. 

209. Carllsle~ Henry C. Sixth annual report of the Trade, Commerce~ Bailroads of 
Indianapolis. 

2. Catalogue du cercle de la librarie de l'imprimerie. 
137. Charlestown. Report of the Sect, of Infant-schools. 
226, Charpentier, - - .  Catalogue de la Bibleoth~que-Charpentler. 
152. Chauncy Hall School Catalogue. 

31. Chicago. Course of study for Public Schools. 
97. " Twenty-first Annual Report of Board of Education. 

170. Chill, Catalogue of Centennial Exhibit. 
171. '~ " " " in Portugnese. 
17. China. Catalogue of the Chinese Section. 

189, Christern, F .W.  Catalogue of Standard French Books. 
220. Clarke Institution. Teachi~]g the Deaf by Articulation, 

@ 

150. " J .L .  History of the Massachusetts Iusurance Department. 
126. Coldwater. Address to the State Public School. 
115. College of Holy Cross. Historical Sketch. 
232. Cone~ Win. R, (et. als0. Anniversary of the Retreat for the Insane at Hartford~ 

Connecticut. 
143. Connecticut. Hospital for the Insane. Report of the Board of Trustees. 
233. " " " Tenth Annual Report. 
231. " State Reform School. Twenty-Fourth Ammal Report, 1876. 

23. Creswell, F. Australia. List of Seeds. 
200. Crosby~ W.O. Report on the Geological Map of Massachusetts, 
139. Deer Island, (Boston Harbor). Pauper Boys School. 
190. Delagrave, CIL Extrait du Catalogue G~adral de la Librairie, 
186. Delahaye, V. Adrien et Cie. Catalogue des Livres de Fends, 

9. Denmark. Catalogue of Danish Section. 
144. Doulton Stone-ware and Lambeth Faience. 
225. Ducroro,--. Catalogue of the Ducroro Library. 
210. Dufferin, Lord. "Canada the place for the Emigrant." 

80. Dumaine, J. Catalogue de laLibrarie Militaire. 
:~79. Empire Transportation Co. Statements, etc. 
236. Fialho, Aufrlso. "Dora Pedro II~ Emperor of Brazil." 

84. Footc, A.E. Catalogue of Minerals. 
39. France. Catalogue des ouvrages de Gdographie et de Topographic de Insti- 

rut Gdographique de Paris. 
85. Germany. Catalogue of Exhibit of Chemical Industry. 
4. " Catalogue ot German Section. 

12~. " Der Buchhandel und Die Graphischen kiinste Deutschlands. 
175. Giovanni Boucenelll e Figli. The Manufacture of Mosaics. 
203. Grafton High School. Catalogue, 1875-6. 

Great Britain. Catalogue of British Section. 
86. Guillauminet Cie. Catalogue. 

172. Hawaii. Statistics and Information. 
47. " Hawaiian Guide Book. 

153. Heard, J .C.  Report of the Russian l~iinistry of War. 
221. Henderson, Howard, A. M. Exhibit of Kentucky's Educational System and 

Institutions, 



222. 
191. 
!41. 
118. 
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215. 
164. 
206. 

51. 
63. 
37. 

111. 
112. 
107. 
108. 
109. 
110. 

89. 
45. 
18. 
48. 
30. 
49. 
65. 
82. 

228. 
120. 
140. 
117. 
223. 
229. 
184. 
106. 
159. 
219. 
158. 
147. 
148. 
149. 
160. 
227. 

56. 
127. 

52. 
67. 
69. 
68. 
70. 

213. 
32. 
10. 

Henry, James P. Resources of the State of Arkansas. 
Itetzel, J. & Co. Catalogue of Publications. 
Highland Military Academy. Report. 
Holidaysburg Seminary. Catalogue of Officers and Students. 
Holland. The Artisan's School in Rotterdam. 
Howard, B. Frank Annual Report of tile Pork Packing of the West. 

Illinois Industrial University. Catalosm, 1875-6. 
" Report of the Railroad and Warehouse Commission, 1875. 

" School Report, 1873-4. 
India. Descriptive Catalogue of Indian Section. 
Indiana. Agricultural Report, 1875. 

', Geological Survey, 1875. Cox, E. T. 
- Institute for the Blind. Twentieth Annual Report. 
" New school law, and report of file Supt. of Public Instruction~ 1872-3-4. 

,, Twentieth report of the Supt. of Public Instruction. 

', Twenty-second " " " " 
- Twenty-third ,, ,, ,, ,' 1875. 

Iowa. State Facts. 
Italy. Catalogo degll Expositorl italiani. 
Japan. Catalogue of hnperial University of Tokio. 

,, Catalogue of Japanese Section. 
" Report of the Minister of Education, 1873. 

Kansas. Agricultural Report, 1875. (2 copies.) 
Kulm, B. The Farmers Friend. 
Laboul'tye, M. Ch. Dictionnaire des Arts et Manufactures et de PAgriculture. 

Litfilyette College. Catalogue of Officers and Students. 
Lasell Seminary. History and Description. 
Lehigh U1~iversity. Catalogue of Officers and Students. 
Ldvy Nuchel. Catalogue of Publications. 
Lovues, Henri. Catalogue do la Librairie Renouard. 
Lowell, Mass. Fiftieth Annual Report of School Committee, 1875. 
Maryland. Report of the Commissioners of Fisheries. 
~.Iassachusetts. Catalogue of Educational Exhibit. 

,, Catalogue of Exhibit of Industrial Drawing and Modelling. 

,, Educational Institutions, 1876. 
,, Report of rim Supt. of the School for Feeble Minded Youth. 
,, State Board of Health. First Annual Report. 
,, State Library. Report of the Ifibrarian. 
,, Tenth Annual Report on hfland Fisheries. 

Massen, G. Catalogue gdndral de l'Acaddmie de Mddecine. 
Maury, M.F. Resources of West Virginia. 
Mayhew, Ira. Statement and Exhibit of Business College work. 

Meme, Alfred & Sons. Catalogue of Publications. 
Meteorological Observatory, bL Y. Report of the Director, 1871. 

. ,, ,, ,, ,, " 1872. 
,, . ,~ . - " 1873. 
,, , ,, ,, - " 1874-5. 

Meyer, Heiur - Ad. - "Ivory."  
Mexico. Catalogue de la colleeclon de Produetos Naturales Indigenas. 

, " of Mexican Section. (3 copies.) 
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128. Michigan. Chart and Key of the Educational System. 
129. " Sketches of its Resources and Industries. 
130. " Historical Sketch of tile University of l~lichigan, 
131. i t  Calendar t t  , , , 

132. tt Second Annum Report of tlle Board of Control of tile State Public 
Schools. 

133. " Catalogue of C e n t e n n i a l  Exhibit. 
42. State Catalogue. 

156. Montreal. Report of Fruit Committee of Agricultural and Horticultural Society, 
1876.  

217. Moore, J. G. & Co. CreosoLh,g by the Bethel Process. 
193. Moreira, Nicolau, J., M.D. Brazilian Coffee. 
192. " " " " Note eli Brazilian Vegetable Fibres. 
188. Morel et Cie. Catalogue de la Librairie Morel. 
58. Mount Holyoke Seminary. Historical Sketch. 

181. Munday, E.H.  The Proof Sheet. 
29. Netherlands. Catalogue of Booksellers Association. 

1. " Collection of the Treasury Department. 
78. t+ . . t t  . 

66. " Elementary and Middle CIass Instruction. 
55. New Brunswick. Catalogue and Report on the Woods and Minerals. 

196. New Jersey. Catalogue of the Centennial Exhibit of the Geological Survey. 
6. New South Wales. Catalogue of Centennial Exhibit. 

211. t, ,, ,, Its Progress and Resources. 

212. u ,, " Mineral map and general statistics. 
161. " " " . . , t  , t  , ,  

40. Newspapers. Catalogue of American Newspapers, 1876. 
151. Newton. Report of Public Schools. 
28. Norway. Norwegian Special Catalogue. 

201. Nowell, Edwin (3. Paper on the Local Industries of Tasmania. 
12. Pennaylvania. Catalogue of Educational Exhibit. 

122. " Common School Laws. 
50. " School :~eport, 1875. 

104. " " " " 
8. Perthes, Justus. Verlags Catalog. 

214. Peter, Robert, M.D. Hemp Culture in Kentucky. 
121. Philadelphia Institution for the Feeble 1Minded. Catalo~.~e of Exhibit. 
26. Philippine Islands. CatSlogo General. (3 copies.) 

180. " " Catalogue of Forestal products exhibited at the Centennial 
Exhibition, 1876. 

230. Piekering, T.R. Connecticut at the International Exhibition. 
188. Pittsfield ttigh School. Statistics, etc. 
224. Plou, E. & Cie. Catalogue of Publications. 
168. Polytechnic Review. May 10th, 1876. 
178. Proctor, J .R.  General account of the Commonwealth of Kentucky. 
216. Quebec Lunatic Asylum. Reportof the Superintendent, 1875. 
81. Randolph, Chas. Eighteenth repor~ of the Trade and Commerce of Chicago. 

163. Rensselaer. Polytechnic Institute. Annual Register, 1876. 
62. " ~' " Publications. Troy, N. Y. 

218. Russell, E. Harlow. State Normal School at Worcester, Mass. 
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154. Russla. Catalogue of Exhibit of Fossils. 
16. " Catalogue of Mining Dep.lrtmeut of the Ministry of Crown Domains. 
3. " Catalogue of Russian Section, (2 copies.) 

46. " Catalogue of School Apparatus, etc. Pedagogic Museum. 
194. Saldauah da Gain% Josd~ Ph.D. Notes on Textile Pl'mts of Brazil. 
195. " " " Products of tile Br,~zili,m Forests. Catalogue. 
15, SchrSder~ J. Catatogue,u:d price list of SchrSder's Models. 
1)6, Scrlbzmr, Armstrong & Go, Catalogue of Educatio,ml Publications. 

105. Sdv% Edaourd. Le Chili tel qu'iI est. 
197. Shaler, N.S.  General Aecouut of the Commonwealth of Kentucky. 
88. Shantz~ J .Y.  Relation d'uu voyage a Manitoba. 
54. Smart) James IL Iudiana Schools and tile meu who~mve worked in them. 

205. " " Public hlstruetioa iu I,diana. Twet~ty-third Ammal Report. 
157. Smith College. Report, 
199. " Walter. Circular of tile Massachusetts Norm.t} Art School. 
I19. Soldiers Orphans. Annual Report of Pennsylvania Superiuteudent. 
77. South Australi'l. Its histo,'y, resources, etc. Win. Hareens. 
90. Spenee, Thomtts. Manitoba and the North-west of' the Domi,xion. 

162. Sullivan~ Sir Ed. Bart. Protectiou to Native Industry. 
83. S~veden. Catalogue of Exhibit by Motala h'on aud Steel Works. 
88. " Exhibition of Geological Survey. 

145. " Hammers Museum. S)~mpsis. 
60. " Swedish Catalogue. Part 1st. 

185. Switzerl.md. Bericht der ErdgenSssischen Polytechnischen Schule in Ziirich. 
41. " Catalogue of Swiss Section. 

177. " Report of Artisau's School in St. Gall. 
183. " Report of Swiss Unions of Young Merchauts~ 1876. 
142. Tennessee. Its Agricultural aud Mineral Wealth, 
167. Thompson~ Chas. O. Report of the Worcester Free Institution. 
182. Trow~ Jas. A Trip to Manitoba. 
146. Tunis. RSglement des dtudes i~ la grande Mosqude de Tunis. 
234. University of Michigan. Calendar~ 1876-6. 
165. University of Pennsylvania. Catalogue aud Announcement. 1874-5. 
166, " " " " 1875-6. 
174, " " " " 1876-77. 
114, " " Publications by the Medical Department. 

61. U.S. Naval Observatory. Reports of Foreign Societies on awarding medalsto 
Amerio:m Arctic Explorers. 

103. Vausant, I. L, The Royal Road to Wealth. 
43. Victoria, Australia. Catalogue of Exhibit. 

187. Villars, Gauthier. Cat~tlogue des Livres de Fends, 1876. 
116. Warreu Street Chapel. Thirty-Eighth Ammal Report. 
17a Wharton, Joseph. :National Self Protection. 
235. Wickersham, J. P. The Pemlsylvauia School Journal. Aug. 1876. 

93. Wilhnett, T. Northern Queensland Directory. 
95. Wisconsin. Catalogue and Sketches. 
44. " State Report and Catalogue. 

202. Wootten~ J .E .  The Philadelphiaaad Rending Rail Road. 
22. W, Virginia. Catalogue of State Exhibit. 
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CLASS 2. CIVIL ENGINEERING. 

67. Amer ican  Bridge Co. Album of  Designs. 
43. Boston. Seventh Annual Report  of  the Railroad Commissioners. 
22. Brazil. Map of  tile General Hailroads and Telegraph lines in Brazil. 
23. " " " Provincial Railroads. 
24. " " " " " Province of  St. Pauls.  
26. 8, Topo~aphiea l  Map of  tlle Province of  St. Pauls.  
25. " General Map of  the Empire. 
42. ,8 Railroads of  the Province of St. Pauls. 
64. Clarke Reeves & Co. Centennial Catalogale and Publications, 

2. " "" " Photograph of  Chain Bridge over Potomac River. 
3. 8, " " " Biddeford Bridge over Saco River. Eastern 

:Railroad. 
4. " ,, , 88 Trumansburgh  Viaduct,  Geneva & I thica 

l~ailroad. 
38. Davis, Rear  Admiral  Chas. tI. Interoceanic Communicat ion between Atlantic 

and Pacific Oceans. 
39. " " " " Same as preceding, with Maps. 
44. DeutscMands. Der Buchhandel  und die graphisehen kiiuste, au f  der wellanssel- 

lung zu Philadelphia, 1876. 

47. France. Description of the Models, Charts and Drawings relating to the works o f  
the "Pou t s  et Chauss~es"  and the Mines. 

48. " Same as preceding. (In F rench  ) 

49. "' Historical and Statistical Studies upon the means of  communicat ion  in 
France.  

45. Heller & Brightly, Philadelphia. Remarks  on En~nee r ' s  Surveying lnstru,~acnts. 
62. Holyoke,  ~[ass. City Water  Power and Industries. 
34. Keystone Bridge Co. Description of  Raritan S~,ving Bridge. 
35. " " " Illustrated Circular of  Long Span Bridges. 
36. " " " Illustrated Albums.  

5. Keystone Bridge Co. Photo~'aphs.  Three views (side, end, and top) of  Collow- 

hill Street Bridge over Schuylkil l  River at  
Philadelphia. 

6. " " " Collowhill Street Bridge (side view). 
7. " " " Terre IIautc  & Indianapolis Railroad Bridge 

over Wabash River at  Terrc  IIaute,  Ind, 

8. " " " Ohio P, iver Bridge, Parkersburg,  West Vir-  
ginia, Baltimore and Ohio B .a .  (end view). 

9. " " " " " (side view). 
10. " " " Illinois and St. Louis Bridge (finished 

structure). 
II. " " " " " end span 

(in process of  erection). 
12. " " Illinois & St. Louis Bridge~ all spans (in process of  erec- 

tion). 
13. " " " " " Two spans " " 
14. " " " " " All spans " 8' 

15. " " Blanks for specifications of Bridge. 
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17, 

18. 

19. 
20. 
21. 

68. 
46. 

66, 
61, 

50. 
51. 
52. 

53. 
54. 
55. 

56. 

57, 
58, 

59, 

60, 
83. 

41, 

37, 
37a, 
65, 
63. 
29. 
80. 
81. 
32. 

1. 
40. 
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Keystone Bridge Co. 

t l  i t  

Photographs Ohio River Bridge. Cincinnati Southern Rail- 
way. Five sheets of designs. 

" J .L .  Piper's Improved Centre for Wrought- 
iron Turntables. 

" J . L .  l'iper's Patent Hollow Wrought-iron 
Columns. 

" " " Wrought-iron ltighway Bridge. 
" " " " Railway Bridge. 
" " " Details for wrought-iron Bridge over l~lissis- 

sippi River at Rock Island. 
Kueffe! & Esser. Catalogue of Draughtiug h~struments. 
Lyman - - .  Description of Lyman's Trigonometer trod Universal Draught. 

ing Instrument. 
Mexico, History of the Railway wealth of Mexico. 
Netherlands. Eckstcin+ Cilarles. 

lags. 
Netherlands. Photo-Lithographs. 

LL 

t t  

N~rman, V. 

~6 

~t 

t t  

" l 
t t  

6L 

New method for reproducing Maps and Draw- 

Bridge over tile tlollandsch Diep. 
Reclamation of Haarlemmenneer. 
Pneum'ttie Foundation of the Railway Bridge 

before the Madse at Rotterdam. 
Bridge at Bommel. 
New Channel from Rotterdam to the Norfll Sea. 
Steel Swing Bridge at Dordrecht. 
A. Lifting-bridge over the Linge. 
B. Swing-bridge over the North llolland Canal. 
Canal from Amsterdam to the North Sea. 
Bridge at tIurlenburg. 

" t A. Dam across the Sloe. 
B. " Schelde. 

Sketch of file Public Works. 
View of the Harbor of Flushing. 
Report on the Design and Construction of a l~lilitary Bridge Equi- 

page, 1876. 
Phoenixviile Bridge Co. Clarke, Reeves & Co. Supplement to Albmn of Designs. 

" " Illustrated Album of Designs. 
Roebling~ John A. & Sons. Catalogue and Price-list of Wire Rope. 
Switzerland. Atlas uber die entwicklung yon Industrie und Handel, der Schweiz. 

" R, l,urzinger~ Topographer at Berne. One Map Section Grono. 
" Wurster, Randegger, & Co. School Atlas. 

" North-East I{ailroad Co. Album of Road and Stat ions--Desigas.  
U. S. Navy. Catalogue of Centennial Exhibit. 
U. S. Naval Observatory. Instruments and Publications, 1845--1876. 

CLASS 3. MECtIANICAL E~GINEERI~G. 

19. Arbey, Fd, Illustrated Catalogue of Wood-working Machinery. 
49. Ave[lag & Porter. Road Locomotives, &c. illustrated pamphlet. 
17. Avery, John G., Worcester, Mass. Catalogue of Thread and Twine Machinery. 
45. Bough & Soils. Bough's Sectional ~,lills. Illustrated pan, l det. 
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31. Botelho de Mayallmes~ Benjamin Constant. Tlmora d~ls Quantidades Negativas. 
41. Buckeye Engine Co, Illustrated circnlar. 
I1. Butterworth, H. W. & Sons. Plmtographs of Dryi,lg Machines Itnd hnproved 

Stuffing-boxes. 
28. Douglass Manufacturing Co. Descriptive Price-list of Mechanics' Tools. 

8 & 36. Eaton~ Cole & Burnham, Illustrated catalogue of Steam and Gas-fitters' 
Supplies. 

21. Empire Threshing Machine Co. Descriptive circular. 
84. Fen'is & Miles. Steam Hammers and Machitm Tools. 
12. Fitchburg 51achine Co. Twelve photographs of Improved Machinet T. 
47. Ganguillet & Kuttcr. Hydraulics. Motion of Water ill Canals a,ld Rivers. 
88, Greenlee Brothers & Go. Descriptive catalogue of Wood-workitlg Machinery. 
80. Itampson, Whitehill & Co. "Engines and Boilers." 
82. ttarrison, Edward. Standard Flouring Mills. Illustrated pamphlet. 
87. Hoops & Townsend. Bolts and Screws. Descriptive ctltalogue and price-list. 

9. " " Photographs of Bolts T Screws, &e. 
89. Hotchkiss, A, S. The Tower Clocks made by Seth Thomas & Co, 
85. Howe & Co. Howe's hnproved Scales. Illustrated pamphlet. 

6. Kirkahly. Experimental inquiry into the properties of Fayersta Steel. 
51. Krupp, Fried., Esse,~, Germany, Cast-steel and Iron. Descriptive publications. 
~8. Leflbll, J~mes. linproved double Turbine Water-wheel. 
48. Lyall, J. & W. Lyall's Positive Motioned Loom. 
42. Mast~ P. F. & Co. Agricultural Machilmry. 
13. Mirrbes, Tait & Watson. Photograph of Sugar l~lill. 
18. Mitchell, J, E. Catalogue of Griadstolms and Fixtures. 
22. :National Fire Alarm Co. Description of Apparatus. 
15. North,tmpton Emery Wheel Co., Leeds, Mass. Cat,dogue and price-Iist. 
44. Noy% John T. & Sons. Portable Flouring and Grist Mills. 
3. :Nystrom, I~ew treatise on Steam Engineering. 
2. " Elements of Mechanics. 

27. Otis Brothers, Yonkers, N. Y. Descriptive pamphlets of Otis Elevators and 
Hoisting Machinery. 

16. Peace, Cox & Co. Steam and Gas Fitters Tools. Catalo~,uo and price-list. 
25, Perkil~s, A. 31. & Son. London Heating Apparatus. Descriptive pamphlet. 
26, Philadelphia i~urring Machiue Works. Descriptive pamphlet. 
28, Porter~ Bell & Co. Light Locomotives. Illustrated description. 
24. Pratt & Whitney Co. Descriptive catalogue. 
48. Rodney, Hunt & Co. ttuut'~ Double-acting Turbine Water-wheel. Descriptive 

circular. 
1. Russia. Description of the Scientific Appliances in the Imperial Technical 

School at l~loscow, 
50. Shapley & Wells. "The Shapley Engine." 
20. Siemen & Co, Description of Regenerative Gas Furnace. 
29. Smith~ James & Co. Manufacturers Supplies. Illustrated catalogue. 
40. South Bend Iron Works. Description of the Works at South Bend, Indiana. 
5. Sweden. Tim state of the Iron ManufiLcture. 
4. Switzerland. Illustrated description of tim large Water-works at Bellegrade. 

46. Utica Steam Gauge Co. Descriptive circular. 
14. Wetherell, Robert & Co. Photograph of Ellgine Regulator. 
7." Yale Look ~laaufacturing Co, Illustrated catalogue, 
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CLASS 4. MINING ENGINEERING. 

6. Actlen-Gesellschaft fur Anolin-Fabrikation; coal tar products and analine colors. 
4. Akerman, Rich. State of the Iron Manufacture in Sweden at the beginning of 

1876. 
1. Amdysen von Durchschnlttsproben des Zur Hemrlchshiitte bel Au an der sieg 

produeirteu Prima spiegeleisens Morke. 
5. Boyer, Fredr. & Co. Department.of Analine Colors. 
2. Krupp, Fried, The Cast-steel and Iron Works at Essen, Germany. 
~'. Moore, J. G. & Co. "Creosoting b.y Bethell Process." 
8. New South Wales. "Mines and Mineral Statistics." 

10. Pennsylvania Steel Co. Catalogue and Album. 
9. Sawyer~ Fredr. E. "The Coal Trade." 
3. Whitewell, ~ .  Illustrated Paper on Whitewell's Patent Fire Brick Stoves. 

~.. CLASS 5. ARCHITECTURE. 

1. Mott, J. L. & Co. Catalogue of Ornamental Designs. 
4. Spain. Conservatory of Arts at Madrid. Perspective Drawings by Evening 

Classes. 
5. " ~.' " " Geometric Drawings. 
6. " " " " Human Figure and Ornamental 

Drawing. 
7. " " " " Young Ladies Class. 
8. " " " " Water Color Drawing. 
3. Switzerland. Kantonsrathhaus herausgegebeu durch die Bandirection des Kan- 

tons. Bern, 1~76. 
2. Switzerland. Neue Entbindnuysanstalt herausgegeben duroh die Bandereetion 

des Kantons. Bern~ 1876. 

CLASS 5~g. PHYSICS. 

4. Coston, J. Description of Coston's Telegraphic Night Signals. 
3. Juvet~ L .P .  Glen Falls, N.Y. Photograph of New Time Globe. 
2. Western Electric Manufacturing Co, Chicago, Catalogue and price-list. 
1. " " " Samples of Insulated Telegraphic Wire. 

CLASS 6. ARTICLES CONSTRUCTED FROM WOOD AND IRON FOR 
PURPOSES OF INSTRUCTION. 

From the In~erial Technlcal School at St. Petersburg, Russia. Department of  Industrial 
Art. 

Course No. I. Six pieces of cast iron finished with the file by students~ showing 
the course of instruction in the art of filing. 

Course No. II. Nineteen pieces of wrought iron forgings showing the course of 
instruction in the art of forging. 

Course No. III. Seventeen pieces of wrought iron showing the course of instruction 
in the art of turning. 

Frm~ the .4rtlsm~s' ,School at Rotterdam~ Holla~ut. 

Complete drawings of tim workshops for boys from twelve to fifteen years of age. 
The erosshead, governor, connecting rod and valve rod for an upright engine. 

13 
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Two locks, showing instruction given in filing and fitting. Fourteen forgings showing 
instruction given in the smith's shop. 

T w o  specimens of copper work~ including brazing. 
One pulley block and one post showing work done in the turning shop. 
Fifteen specimens of cm'penters' work, including stair building. Three specimens 

of carving and inlaid work. 

Six specimens of painting upon cloth. 

D E P A R T M E N T  II .  - -  A G B J C U L T U R E .  

CLASS 7. TIMBER AND USEFUL WOODS. 

AUSTRALIA. 

From the Colony of Queen~land. 
1. Arauearia Bidwillii, Itook. Bunya Bunya. Diameter, 30 to 48 in.; height, 

100 to 2~'~ ft. 
2. Araucaria Cunninghamii, Air. Moreton Bay Pine. Diameter, 36 to 66 in. ; 

height, 150 to 200 ft. 
3. Dammara robusta, Moore. Kawrie or Dundathu Pine. Diameter~ 36 to 72 

in.; height, 80 to 130 ft. 
4. Callitris columeliaris, F. Muell. Cypress Pine. Diameter, 20 to 30 in.; height, 

40 to 60 ft. 
5. Callitris verrueosa, R. Br. The Desert Cypress Pine. Diameter, 12 to 24- in.; 

height, 50 to 70 ft. 
6. Callitris Endlieheri, Pad.  The Mountain Cypress Pine. Diameter, 9 to 18 

in.; height, 40 lo 50 ft. 
7. Podoearpus elatus, R. Br. She Pine. Diameter, 20 to 36 in.; height, 50 to 80 ft. 
8. Casuarina tenuissima, Sieb. River Oak. Dimneter, 18 to 22 in.; height, 40 

to 70 ft. 
9. Casuarina leptoelada, Miq. The Erect She Oak. Diameter, 9 to 15 in.; height. 

20 to 30 ft. 
10. Casuarina equisetifolia, Feint. Swamp Oak. Diameter, 12 to 20 in.; height, 50 

to 70 ft. 
11. Casuarina torulosa, Ait. Forest Oak, Beef wood. Diameter, 9 to 15 in. ; height, 

30 to 35 ft. 
12. Casuarina Cmminghamiana, Miq. Fire Oak. Diameter, 6 to 10 in.; height, 

20 to 30 ft. 
13. Cedrela Toona, Roxb. Red Cedar. Diameter, 24- to 76 in. ; height, 100 to 

150 ft. 
'~':ii '~: 14. Flindersia Australis, R. Br. Flindosa. Diameter, 36 to 48 in.; height, 80 to 

|~i~iiii I 15. Flindersia Oxleyana, F. Muell. Light-Yellow Wood. Diameter, 24 to 42 in.; 
m~!~:~ ~):~ height, 80 to 100 ft. 

l!;!.!~ii 16. Flindersia Bennettiana, 'F. Muell. Begum Begum. Diameter, 18 to 26 in.; 

' 17. Flindersia maculosa, F. MuelL Spotted Tree of the Colonists. Diameter: 12 ill to 18 in.; ~.eight, 30 to 4`0 ft. 
~'~i !i! 1~' ~venia venosa, F, Muell, Sour Plum. Diameter, 12 to 24 in. ; height, 40 to 

,t~d~ ',,; 
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19. Owenia cerasifera, F. Muell. Sweet Plum. Diameter, 9 to 18 in.; height, 25 
to 85 ft. 

20. Amoora nitidula, Benth. Diameter, 18 to 30 in.; height, 70 to 90 ft. 
21. Synoum glandulosum, A. Juss. Diameter, 15 to 24 in.; height, 35 to 60 ft. 
22. Dysoxylon Muelleri. Benth. Pencil Cedar. Diameter, 20to 35 in.; height, 70 

to 90 ft. 
23. Melia composita, Willd. Diameter, 15 to 20 in.; height, 50 to 60 ft. 
24. Ailanthus imberbiflora, F. MuelI. Diameter, 20 to 28 in.; height, 50 to 70 ft. 
25. Bosistoa sapindiformis, F. Muell. Di.~meter, 6 to 12 in.; height, 15 to 20~. 
26. Citrus austr.dis, Planch. ]~Tative Orange. Diameter, 6 to 14 in. 
27. Citrus australasica, F. Muetl. :Native Lime. Diameter,6 to 10 in.: height, 15 

to 20 ft. 
28. Atalantia glauea, Hook. The Native Cumquat. Diameter, 2 to 6 in. ; height, 

8 to 15 ft. 
29. Acronychia Baueri, Schott. Diameter, 6 to 12 in.; height, 16 to 24 ft. 
30. Acronychialmvis, Forst. Diameter, 15 to 20 in.; height~ 30 to 50 ft. 
81. Zanthoxylon braehyaeauthum, F. Muell. Satin Wood. Diameter, 6 to 9 in.; 

height, 20 to 30 ft. 
32. Geijera parviflora, Lind]. Diameter, 6 to 12 in." height, 20 to 30 ft. 
33. Geijera Muelleri, Benth. B~flsam Capivi Tree. Diameter, 12 to 18 in.; height, 

40 to 60 ft. 
34. Evodia micrococca, F. Muell. Diameter, 6 to 10 in. ; height, 20 to 80 ft. 
35. Celastrus dispermus, F. Muell. Diameter, 3 to 5 in.i heigilt, 12 to 16 ft. 
86. Denhami,t pittosporoides, F. Muell. Diameter, 6 to 8 in.; height, 20 to 30 ft. 
37. Deahamia obscura, Meisn. Diameter, 3 to 5 in.; height, 12 to 20 ft. 
38. Alphitonia exeelsa, Reissek. Mountain or Red Ash. Diameter, 18to 24 in.; 

height, 45 to 60 ft. 
39. Pittosporum rhombifolium, A. Cunn. Diameter, 6 to 12 in.; height, 40 to 55ft. 
40. Pittosporunl bieolor, Hook. Diameter, 6 to 21 in.; height, 20 to 40 ft. 
41. Pittosporum phillyrmoides, D.C. Diameter~ 4 to 6 in.; height, 20 to 35 ft. 
42. Tarrietia argyrodendron, Benth, Silver Tree. Diameter, 24 to 34 in.; height, 

70 to 90 ft. 
43. Tarrietia actinodendron, F. Muell. Diameter, 18 t~) 30 in.; height, 60 to 70 ft. 
44. Commersonia eohinata, Forst. Diameter, 6 to 12 in.; height, 20 to 30 ft. 
45. Cupania xylocarpa, A. Cunn. Diameter, 12 to 24 in.i height, 40 to 60 ft. 
46. ' Cupania serrata, F. Muell. Diameter, 8 to 14 in. ; height, 20 to 30 ft. 
47. Diploglottis Cunninghamii, Hook. :Native Tamarind. Diameter, 12 to 20 in.; 

height,  
48. 
49. 
50. 
51. 
52. 
53. 

60 ft. 
54. 
55. 

height,  

40 to 55 ft. 
Cupania semiglauca, F. Muell. Diameter, 10 to 20 in. ; height, 30 to 60 ft. 
R.ttonia pyriformis. Benth. Diameter, 10 to 18 in.; height, 30 to 45 ft. 
Nephelium tomentosum, F. Muell. Diameter, 10 to 15 ill.; height, 30 to 40 ft. 
Heterodendron olemfolium, Desf. Diameter, 4 to 10 in.; height, 20 to 30 ft. 
Heterodendron diversifolium, F. Muell. Dianmtcr: 4 to 6 in. ; height, 10 to 15 ft. 
ltarpullia pendula, Planch. Tulip Wood. Diam'eter, 14 to 24 in.; height, 50 to 

Dodonma triquetra, Andr. Hop Bush. Diameter, 3 to 4 in.; height, 1:0 to 12 ft. 
Rhus rhodanthema, F. Muell. Dark Yellow Wood, K. Diameter, 18 to 24 in.; 

50 to 70 ft. 
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56. Sarcoeephalus cordatus, Miq. Leichhardt's Tree. Diameter, 24 to 30 in.; 
height, 40 to 60 ft. 

57. Ixora Pavetta Roxb. Diameter, 2 to 4 in.; height, 8 to 10 ft. 
58. Hodgkinsonia ovatiflora, F. MuelL Diameter, 6 ?o 10 in.; height, 12 to 20 ft. 
59. Cnnthium lueidum, Hook, and Arm. Diameter, 6 to 12 in.; height, 20 to 30 ft. 
60. Canthium oleifolium, Hook. Diameter, 4 to 10 in.; height, 25 to 30 ft. 
61. Cantllium latifolium, F. Muell. Diameter, 8 to 12 in.; height, 25 to 30 ft. 
62. 

sa, 
150 ft. 

64. 
height, 

65. 
height, 

66. 
67. 

Canthium vaceiniifolimn, F. Muell. Diameter, 2 to 4 in.; height, 6 to 10 ft. 
Coelospermum panieulatum, F. Mue]l. Diameter, 3 to 5 in.; height, 100 to 

Callistemon lanceolatus, D. C. Bottle-brush Tree. Diameter, 12 to 18in.; 
30 to 40 ft. 
Callistemou salignus, D. C. Broad-leaved Tea Tree. Diameter, 18 to 24 in.; 

40 to 60 ft. 
Melaieuea linariifolin, Sin, Diameter, 20 to 24 in. ; height, 30 to 40 ft. 
Melaleuea nodosa, Sin. Tea Tree. Diameter, 10 to 20 in.; height, 30 to 40 ft. 

68. Angophora subvelutina, F. Muell. Apple Tree. Diameter, 20 to 26 in.; height, 
40 to 60 ft. 

69. Eucalyptus pilularis, Sin. Black-butt. Diameter, 24 to 40 in.; height, 60 to 
80 ft. 

70. Eucalyptus Microcorys, F. MueD. Diameter, 18 to 30 in.; height, 60 to 80 ft. 
71. Eucalyptus hemiphloia~ F. Muell. Yellow Box. Dia,.nvter, 20 to 30 in.; height, 

40 to 60 ft. 
72. Eucalyptus siderophloia, Benth. Ironbark. Diameter, 20 to 30 in.; height, 60 

to 80" ft. 
73. Eucalyptus meleanophloia, F. Muell. Silver-leaved Ironbark. Diameter, 18 to 

20 in.; height, 30 to 60 ft. 
74. Eucalyptus maculata, Hook. Spotted Gum. Diameter, 20 to 30 in. ; height, 

60 to 80 ft. 
75. Eucalyptus saligna, Sin. Grey Gum. Diameter, 24 to 34 in. ; height, 60 to 80 ft. 
76. Eucalyptus Resinifera, Sm. Red Mahogany. Diameter, 20 to 30 in. ; height, 

60 to 7Oft. 
77. Eucalyptus corymbosa, Sin. Bloodwood. Diameter, 24 to 30 in. ; height, 50 

to 60ft. 
78. Eucalyptus globulus, Sin. Blue Gum. Diameter, 30 to 48 in.; height, 70 to 

90 ft. 
79. Eucalyptus tereticornis, Sin. Red Gum. Diameter, 18 to 30 in. ; heigl;t, 60 to 

80 ft. 
80. Eucalyptus Stuartiana, F. Muell. Turpentine Tree. Diameter 24 to 36 in.; 

height, 60 to 80 ft. 
81. Eucalyptus fibrosa, F. Muell. Stringy Bark. Diameter, 18 to 24 in.; height, 

40 to 60 ft. 
82. Eucalyptus tesselaris, F. Muell. Moreton Bay Ash. Diameter, 14 to 24 in.; 

height, 30 to 60 ft. 
83. Myrtus aemenioldes, F. Muell. Diameter, 12 to 18 in. ; height, 30 to 40 ft. 
84. Eugenia Smithii, Poir. Lilly Pillies. Diameter, 12 to 18 in.; height, 30 to 40it. 
85. Myrtus Hillii, Benth. Scrub Ironwood. Diameter, 6 to 12 in.; height,20 to 40 ft. 

86. Rhodamnia trinervia, Blum. Diameter, 10 to 18 in.; height, 20 to 30 ft. 
87. Rhodomyrtus psidioides, Benth. Diameter, 12 to 20 in. ; height, 30 to 40 ft. 
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88. 
89. 
90. 

100 ft. 
91. 

height, 
92. 
93. 

80 ft. 

Rhodamnia argentea, Benth. Diameter, 15 to 22 in. ; height, 40 to 60 ft. 
Tristania conferta, R. Br. Box. Diameter, 86 to 50 in.; height,  80 to 100 ft. 
Grevillea robusta, Cunn. Silky Oak. Diameter, 30 to 40 in.; height, 80 to 

Macadamia ternifolia, F. Muell, Queensland Nut. Diameter, 30 to 40 in.; 
30 to 50 ft. 
Orites excelsa, R. Br. Diameter, 6 to 14 in.; height, 80 to 60 ft. 
Banksia integrifolia, Linn. Beef Wood. Diameter, 8 to 12 in. ; height, 20 to 

94. Persoonia lucida, R. Br. ; var. latifolia, A. Cunn. Diameter, 3 to 7 in.; height, 

10 to 20 ft. 
95. Grevillea Hilliana, F. Muell. Diameter, 10 to 18 in.; height, 40 to 60 ft. 
96. Exoearpus latifolia, R. Br. Broad-leaved Cherry Tree. Diameter, 6 to 9 ill.; 

height, 12 to 25 ft. 
97. Exocarpus eupressiformis, I{. Br. Cherry Tree. Diameter, 4 to 8 in.; height, 

10 to 16 ft. 
98. Santalum laneeolatuml R. Br. Sandal Wood. Diameter, 3 to 6 in. ; height, 15 

to 25 ft. 
99. Eremophila Mitqhelli, Benth. Bastard Sandal Wood. Diameter, 6 to 12 in.; 

height, 20 to 80 ft. 
100. Myoporum acuminatum, R. Br.; var. parviflornm, Benth. Diameter, 4 to 6 

m.; height, 12 to 1.5 ft. 
101. Avicennia officinalis, Linn. Mangrove. Diameter, 19 to 20 in. ; height, 20 to 

8Off. 
102. Gmelina Leichhardtii, F. Muell. Beech. Diameter, 24 to 86 in.; height, 80 

to 100 ft. 
103. Vitex lignum-vit0e, A. Cunn. Shrub Lignmn Vitae. Diameter, 20 to 24 

in.; height, 50 to 70 it. 
104. Elmocarpus obovatus, G. Don. Diameter, 12 to 20 in.; height, 30 to 40 ft. 
105. Acacia falcata, Willd. Diameter, 6 to 12 in.; height, 20 to 30 ft. 
106. Acacia glaucescens, Willd. Diameter, 12 to 18 in.; height, 30 to 85 ft. 
107. Same as 8 in a younger stage. 
108. Acacia fitscieulifera, F. l~luell. Diameter, 10 to 16 in.; height, 30 to 40 ft. 
109. Acacia salicina, Lindl. Diameter, 6 to 12 in.; height, 80 to 40 ft. 
110. Acacia harpophylla, F. bluell. Diameter, 12 to 20 in.; height, 40 to 70 ft. 
111.. Same as 110 in a younger stage. 
112. Acacia excelsa, Benth. Brigalow. Diameter, 20 to 80 in.; height, 50 to 80 ft. 

118. 
114. 
115. 

20 to 35 
116. 

40 to 60 
117. 
118. 
119. 

40 ft. 
120. 
121. 

10 in.; 

Acacia neriifolia, A. Cunn. Diameter, 6 to 12 in.; height, 20 to 80 ft. 
Acacia doratoxylon, A. Cunn. Diameter, 6 to 12 in.; height, 25 to 35 ft. 
Acacia pendula, A. Cunn. Weeping Myall. Diameter, 6 to 12 in.; height 

ft. 
Acacia stenophylla, A. Cunn. Ironwood. Diameter, 15 to 24 in.; height, 

ft. 
Acacia leptostaehya, Benth. Diameter, 4 to 10 in.i height, 20 to 25 ft. 
Acacia uncifera, Benth. Diameter, 8 to 5 in. ; height, 6 to 10 ft. 
Acacia decurrens, Willd; Green Wattle. Diameter, 8 to 8 in. ; height,80 to 

Acacia amblygona, A. Cunn. Diameter, 6 to 10 in.; height, 20 to 25 ft. 
Acacia decurrens, Willd. var. mollis, Lindl. Silver Wattle. Diameter, 6 to 

height, 80 to 40 ft. 
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122. 
123. 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
131. 

70 ft. 
132. 

30 ft. 
133. 
134. 
135. 
136, 
laT. 
188. 
139. 
140. 
141. 
142. 
143. 

height, 
144. 

height, 
145. 
146. 
147. 
148. 
149. 

70 ft. 
15"0. 
151. 
152. 

70 to 90 

Albizzia thozetiana, F. Muell. Diameter, 12 to 30 in. ; height, 40 to 60 ft. 
Acacia linifolia, Willd. Diameter, 3 to 4 in. ; height, 10 to 15 ft. 
Acacia penninervis, Sieb. Diameter, 2 to 4 in.; height, 6 to 12 ft. 
Pithecolobium pruinosum, Benth. Diameter, 5 to 12 ill. ; height, 40 to 50 ft.. 
Hovea aeutifolia, A. Cram. Diameter, 2 to 4 in. ; height, 6 to 10 ft. 
Barklya syringifolia, F. Muell. Diameter, 12 to 18 in.; height, 40 to 60 ft. 
Cassia Brcwsteri, F. Mucll. Diameter, 3 to 6 in. ; height, 30 to 50 ft. 
Jacksoni~t scoparia, R. Br. Dogwood. Diameter, 3 to 8 in. ; height, 10 to 15 ft. 
Marlc~t vitiensis, Benth. Musk Tree. Diameter, 6 to 12 in.; height,20to30ft.  
Olea paniculata, R. Br. Native Olive. Diameter, 18 to 24 in.; height, 50 to 

Notel~ea ovata, R. Br. Dunga Vunga. Diameter~ 6 to 12 in.; height, 20 to 

Notel~e,.t microcarpa, R. Br. Diameter, 9 to 12 in.; height, 30 to 45 ft. 
Endiandra pubens, Meissn. Diameter, 18 to 24 in.; height, 40 to 70 ft. 
Tetranthera ferruginea, R. Br. Diameter, 14 to 20 in.; lmight, 30 to 40 ft. 
Lits~ea dcalbata, Nees. Diameter, 18 to 24 in. ; height, 40 to 60 ft. 
Cryptocarya patentinervis, F. Muell. Diameter, 12 to 20 in.; height, 30 to40 ft. 
Cargillia australis, R. Br. Diameter, 6 to 12 in.; height, 30 to 40 ft. 
M'dlotus philippinensis, F. Muell. Diameter, 6 to 14 in. ; height, 80 to 45 ft. 
MaIlotus ncsophilus, F. Muell. Diameter, 12 to 18 in. ; height, 85 to 45 ft. 
Croton insularis, B'dll. C'lscarilla. Diameter, 8 to 12 in.; height, 80 to 40 ft. 
Croton Verre.tuxii, Baill. Diameter, 3 to 5 in.; height, 15 to 20 ft. 
Petalostigma quadriloculare, F. Muell. Crab Tree. Diameter, 12 to 18 in. ; 

40 to 50 ft. 

Exc~caria Agallocha~ Linn. River Poisonous Tree. Diameter 7 6 to 18 in. ; 
20 to 30 ft. 

Bridelia exaltata, F. Muell. Diameter, 12 to 18 in. ; height, 30 to 45 ft. 
Bradleia austra]is, R. Br. Diameter, 12 to 18 in. ; height, 13 to 50 ft. 
Daphnandra Micrantha, Beath. Diameter, 18 to 30 in. ; height, 60 to 80 ft. 
Hormogyne cotinifolia, A. DC. Diameter, 6 to 9 in. ; height, .20 to 35 ft. 
Chrysophyllum pruniferum, F. Muell. Diameter, 12 to 20 in. ; height, 30 to 

Celtis phillippinensis, Blanco. Diameter, 4 to 12 in. ; height, 20 to 40 ft. 
Morus calcar-galli, Cunn. Cockspur Thorn. 
Ceratopetalum apetalum, Don. Coachwood. Diameter, 24 to 36 in.: height, 
ft. 

CLASS 8. WOOL, WASHED AND UNWASHED. 

Nos. 1 to 89 inclusive are specimens of cloths manufactured in tile :Netherlands and 
Brazil~ and will be found under the head of Manufactures, Department IV, Class 80. 

"TASMANIA. 94. :Medium qual., washed. 
90. Work done by Parkhurst's Patent 95. Unwashed fleece from tile Ram 

Burring Picker. " Duke." 
91. Merino~ weight 11 lbs. before being 96. Commercial fleece, washed. 

skirted. 97. Unwashed fibre, nine inches long. 
92. Unwashed fleece. 98. Exhibition by F. Shaw. 
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100. Merino from unwashed fleece. 
101. Washed on the sheep. 
102. Extra quality wasllcd. 
103. Unwashed. 
104. Washed by hand. Extra long and 

fine. 
105. W.Lshed. Extra qu'flity. 
106. Merino fleece, 1st quality, un- 

washed. 
107. Commercial, washed. 
108. Medium quality--washed and un- 

w'tshed. 
109. Merino, extra quality, unwashed. 
110. Fleece, unwashed. 
111. Merino, as shorn from sheep. 
112. Lamb's, extra quality. 
113. Fine fleece, washed. 
114. Leicester. 
115. Medium quality. 
116. Fleece, Merino, medium quality, 

unwashed. 
117. Commercial. 
118. Merino, medium quality, unwashed. 
119. 1st qu,dity, washed in the fleece. 
120. Extra qu'dity lamb's wool, washed. 
121. Good quality, long fibre. 
122. Medimu quality, washed. 
123. Merino, 1st qu,dity, washed. 
124. Merino, unwashed. 
125. Medium quality. 
126. Extra quality lamb's wool. 
127. Fleece, uawashed. 
128. Coarse wool, 13 inches long. 

A U S T R A L I A .  

129. Merino, 1st quality, unwashed. 

New South Wales. 

130. Merino, extra No. 1. 
131. Merino, unwashed. 
1~2. :No. 1, unwashed. 
133. Merino fleece, washed. 
184. Merino, 1st quality, unwashed. 
135. Merino, washed. 
136. Merino~ unwashed, extra :No. 1. 
137. Merino fleece, unwashed. 
138. 1st quality. 
139. Merino, 2d quality. 
140. 1st quality. 
141. Merino~ unwashed. 
142. 1st quality, washed. 
143. Merino, washed. 

144. Fair Merino. 
145. Cotswold. 
146. Washed in the fleece. 
147. 3d quality, unwashed. 
147. Merino fleece, extra quality. 
149. Merino, 2d quality. 
150. Merhlo fleece, :No. 1. 
151. Prime quality~ unwashed. 
152. Medium, washed. 
153. Fine Merino, washed. 
154. No. 37 unwashed. 
155. Merin% 2d quality. 
156. Merino, ,No. 3, fleece. 
157. Merino~ good quality, u!twashed. 
158. Lamb's, washed. 
159. Medium, unwashed. 
160. Merino, extra fine and long. 
161. No. 1, washed. 
162. Merino, unwashed. 
163. Extra quality, washed. 
164. Merino, washed. 
165. Fair quality. 
166. Medium quality. 
167. Merino, :No. 3, washed. 
168. :No. 1, unwashed. 
169. Merino, unwashed. 
170. Medium fleece, washed. 
171. ~No. 1, unwashed. 
172. Extra fine fleece, washed. 
173. Fleece, washed. 
174. " " 

175. Merino, No. 2, unwashed. 
176. Merino fleece, washed. 
177. " " " 

178. Merino fleece, extra quality, un- 
washed. 

179. Medium quality, unwashed. 
180, Merino, :No. 2, unwashed. 
181. Medium quality, unwashed. 
182. Fleece ~o. 1, washed. 
183. Medium, washed by hand. 
184. Extra Merino, washed by hand. 
185. 1st quality, washed by hand. 
186. Merino~ :No. 1, washed. 
187. No. 1, Merino, washed. 
188. 1st quality Merino 7 washed. 
189. Merino, No. 1~ washed. 
190. Medium, unwashed. 
190a. " washed. 
190b. No. 1, washed. 
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Victoda. 
191. Greasy fleece wool. 
192. Hot water worked fleece. 
193. Washed on the animal; age when 

shorn 6 months. 
194. From Melbourne. 
195. Ewes, washed. 
196. Greasy fleece. 
197. Merino ewe's fleece. 
198. Greasy Lincoln. 
199. Merino ewe's, fed on natural  pas- 

turage only. 
200. Greasy Merino. 
201. Wethers, greasy Merino; 12 months'  

growth. 
202. Washed ewe's fleece. 
203. Greasy Merino ewe's fleece. 
204. Greasy crossbred. 

205. 
206. " Merino. 
207. Hot water washed. 
208. Greasy Leicester. 
209. Merino ewe's. 
210. Greasy crossbred. 
211. " Merino. 
212. Washed Merino. 
213. Fleece, hot water washed. 
214. Merino, wether. 
215. Washed fleece. 
216. Young ewes, hot water washed. 

217. Washed fleece. 
218. From Geelong. 
219. Greasy Merino. 
220. Washed Merino. 
221. Greasy Merino. 

222. *' " 
223. Washed Merino ewe's fleece. 
224. Greasy fleece. 
225. Washed Merino. 
226. Greasy fleece. 
227. " Merino lamb's.  
228. " crossbred. 
229. Wool. 
230. Greasy Lincoln. 
281. " ,6 

232. From Thos. F. Cumming. 
233. 6, ,, 
2 3 4 .  6, , ,  

2 3 5 .  ,6 ,, 
236. Washed Merino, 
237. Merino lamb's, hot water washed. 

238. Greasy Merino. 
239. Cheviot ewes. 
240. Greasy Merino ewe's. 
241. Washed ewe's. 
242. 66 crossbred. 
243. Merino. 
244. Scoured fleece. 
245. Washed Merino lamb's.  
246. " " 
247. Greasy. 
248. " crossbred. 
249. Cheviot lamb's.  
250. " " 
251. " " 

251a. " " 
25~.b. Merino ewe, 12 month's  growth. 
251c. Ewe lamb, 12 month's  growth. 

Queensland. 
252. blerino. 
253. 
254. " 
255. 
256. 
257. 
258. 
259. " 2d quality unwashed. 
260. , ,6 " washedby hand. 
261. - ,, " unwashed. 

TASMANIA.. 

262. Merino, 1st quality. 
263. Known as No. 74. 
264. Merino, unwashed. 
265. Fleece from Merino ram. 
266. Merino, unwashed. 

267. " " 
268. " " 

269. from the ram "Melhimus."  
270. from ewe. 
271. 

272. 
273. 
274. 
275. 
276. 
277. 
278. 
279. 
280. 

A F R I C A .  

Cape of  Good Hope. 
Wool known as Tides. 
Merino unwashed. 

" fleece. 
tt  

Known as No. 95. 
6, fleece. 
" unwashed. 
" in the natural grease. 

Wool. 
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281. Angora hair. 
282. 

283. Wool~ scoured. 
284. " 95. 

285. " Merino. 

RUSSIA. 

286. Merino, w ~ h e d .  
287. " " 

288. " " 
289. " " 

290. " unwashed.  
291. 

292. 

293. ]~Ierino, unwashed. 
294. " washed. 
295. " " 

296. " unwashed.  
297. Goat'~ hair. 

TURKEY. 

298. Angora hair. 

299. Goat's hair. 
300. Camel's hair  from Bagdad. 

301. " " " Aleppo. 

302. " " " Dardanelles. 
303. Goat's " " Sivas. 

CANADA. 

304. Hamilton wool, 27 cts. per lb. 
305. Cotswo]d fleece. 
306. Wool. 
307. " 

308. " 
308a. " 
309. " 

310. " John  Harvey & Co. 

310a. " " " 30 cts. per lb. 

BRAZIL. 

311. Wool. 
312. " 

CLASS 9. HAIR,  BRISTLES,  ETC. 

B R A Z I L .  

313. Hair. 
314. Hair. 

TURKEY. 

315. Camel 's  hair. 

316. " " Esinc. 
317. " " Bagdad. 

318. Bagdad, coarse wool, washed. 
319. Konieh, Hair or c o m e  wool. 
320. Erzeroum, Camel 's  hair. 
321. Castamanni ,  Hair. 

322. " D u v e t  de chien."  

323. Adana,  Camel 's  hair, very  long. 
324. Smyrna,  Wool. 
325. " " 

326. Konieh, " 
327. Wool . "  
328. Coarse wool. 
329. Cas tamanni  wool. 

330. Bagdad, " 

331. Pr~rdz~, " unwashed. 
332. Tripoli, woolen yarn. 

333. - Broussl, thread, black silk. 

CLASS 10. SILK IN THE COCOON AND REELED. 

TURKEY. 

334. Samos, Silk, raw. 
335. " " " 
336. " " " 
337. " " " 

339. Silk, cocoons, Antaki r .  
340. " 

341. " La CanOe. 
342. " Yanina.  
343. " ,, 

844. " Monastir. 
14 

345. Silk, Monastir. 
346. " Salonique. 

347. " Government.  
348. .' Smyrna.  

349. " Konieh. 
350. " ,, 

351. " Salonique. 
352. " " 
353. " 

354. " La Can~e. 
355. " Yanina.  
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356, S i lk ,  �9 Y a n i n a ,  

857, " 

858, " 

359. " B igha .  

360. " " 

861. " Y a n i m t .  

362. " D i a r b e k i r .  

863. " Y s k e e p .  

364. " V a l o m a .  

365. " " 

866. " K o n i e h .  

367. " Y t m i n a .  

368. " S a m o s .  

AUSTRALIA,  QU.EE~SLAND. 

869. S i lk .  Cocoons ,  J a p a n e s e  w o r m .  

870. " E u r o p e a n  " 

SPAIN. 
371. Silk. 
872, " 

373a., " 

BRAZIL.  
374. S i l k .  

375. " R a w .  

EGYPT.  

875a.  V e g e t a b l e  f ibres ,  S i l k  o f  t h e  G a m -  

p h o c a r p l e s  f ru i t .  

C L A S S  11. C O T T O N  O N  T H E  S T E M ,  I N  T H E  B A L L ,  A N D  G I N N E D ;  A L S O  

C O T T O N  A N D  F I B R E  S E E D S .  

:EGYPT. 
376. Cotton. 

377, 

378.  " 

379. 

380. 

881.  " 

382. " 

38,q, " A s c h m u n i .  

384. " "+ 

385. " " 

386.  " " 

387. " " 

388. " '+ 

389. " " 

390. " " 

391. " " 

392. '+ " 

893. " " 

394 .  " " 

895. " '~ �9 

396 .  " " 

397 .  " " 

898 .  " " 

399. " " 

400. " M a k o .  

401 .  " " 

402. " " 

408. " H i n d i .  

404, " S c i u b r a .  

405,  C o t t o n  a n d  c o t t o n  seed ,  M o n t e r a y .  

06, " " " " I n d i a n .  

407, C o t t o n  seed ,  I n d i a n .  

408. C o t t o n  seed. A s h  M u n i .  

409. " " A m e r i c a .  

410. " " 

411 .  " " 

412. " " 

SOUTH AMERICA,  BRAZIL .  

413. P a i n a  of  C h o r i s a  spec iosa .  

414. " " " 

414a,  " " " 

415. C o t t o n .  

416. " S. P a u l o .  

417. " P e r n a m b u c o .  

418. " " 

419. " M a t t o  Grosso.  
420. " P o r a h y b a .  

421. " B e m p o s t a .  

422. " " 

423. " " 

424. " M o r a n h u o .  

425. " Cea ra .  

426. " R o c h a  Lcao.  

427. " Rio G r a n d i  del  Nor t ,  

428. 

429. " C o t t o n  seed,  S. P ' m l o .  

430, " " " B e m p o s t a .  

MEXICO.  

431. Cot ton ,  A l g o d o n ,  P a e h u e a .  

432. " " C u a n t h a .  

433. " " More l ia .  

433a.  " " " 
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485. " " San L u i s  Potosi .  

486. " " Sa]ti l lo.  

437. " " O a x a c a .  

487a. " " " 

438. " " P a o h u c a .  

4 3 8 a . .  " , ,  , 

489. " " C a m p e e h .  

440. " " Merida.  

441. " " Ceiba.  

441a. " " " 

441b. " " " 

RUSSIA. 

442. Cotton seed, Ag. Musemn Univ. of 

Domains. 
443. " " " " " 

444. " " " " " 

445. " " " " " 

446. " " " " " 

447. " " Sea  Is lands.  

448. " But tons ,  Ag.  M u s e u m  Un iv .  

o f  Domains .  

449. " S a m a r k a n d .  

450. " K o k a n .  

451. " 

452. " Ag.  M u s e u m  U n i v .  of  Do- 

ma ins .  

458. " K o k a n .  

454. " K a t t a  U r a n c h y .  

455. " B u c h a n a .  

456. " Sea  I s land ,  S a m a r k a n d .  

457. " 1st qua] .  " 

458. " 

TURKEY. 
459. Cot ton.  

460. 

461. " Bagdad .  

462. " K e n n y e k .  

463. " Monas t i r .  

464. " Bagdad .  

465. " Y a n i n a .  

466. " Da]a tmas .  

467. Maidos  cot ton.  

470. Y a n i n a  " 

471. D i a r b e k i r  cot ton.  

472. Cotton.  

INDIA. :NETHERLANDS COLONIES. 

473. Cotton w i t h  seed. 

474. V e g e t a b l e  fibres. 

475. " " 

476. " " 

F I J I  ISLANDS. 

4 7 7 .  S o u t h  Sea  I s l and  Cot ton.  
478. " " " "' 

AUSTRALIA, QUEENSLAND. 

479. Cotton. 
480. " 

481. " NO. 2. 
482. 

483. " NO. 1. 

484. " " 

485. " NO. 2. 

K A N S A S .  

486. Cot ton.  

C H I N A .  

487. Cot ton  seed,  H u p e h  P r o v .  

488. " " S h a n t u n g  Prov .  v a l u e  

a t  Chefoo $0.08 p e  

sample .  

489. " " C h e h k i a n g  P rov .  for  

m a k i n g  oil. V a l u e d  

a t  N i n g p o  $3.00 p e r  

pecu l .  

490. " W h i t e .  

491. " Ye l low.  

EGYPT. 

492. J u t e  f ibre seed. 

493. A r a l i a  papy r i f e r a .  

494. Broussoue t ia .  

494a. R a m i e h  F ib re .  

C L A S S  12. C E R E A L S  ( W H E A T ,  R Y E  7 O A T S ,  E T C . ) ,  W I T H  T H E I R  

P R O D U C T S .  

CHINA. [ 496. W h e a t ,  T a m s u i  Dist .  

495. W h e a t ,  S h a n t u n g  Prov ,  I 497. " Kiangse .  
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498. Wheat ,  Newchwang.  
499. " Shan tung  Prov. 

CAPE OF GOOD HOPE.  

500. Wheat ,  1st qual. 

501. 
CANADA.  

502. Wheat ,  Highgates. 
503. " Manitoba. 
504. " Pr. Ed. Island. 
505. " Manitoba. 
506. " Ontario. 

507. " Spring. 
508. " Nova Scotia, Lost Nation. 
509. " Nova Scotia Spring. 

CHICAGO BOARD OF T R A D E .  

510. Wheat ,  white winter. 
511. " Spring. 
512. " N . W .  Spring. 

513. " l~ed winter.  
514. " N . W .  Spring. 

515. " " " 
516. " Spring. 
517. " Rejected spring. 

D E N M A R K .  

518. Wheat ,  Champion.  
519. " Hallet 's  white. 
520. " Hick l ing ' s  prolific. 

521. " Kolbcheode. 
522. " Spal t ing 's  prolific. 

523. " Manchester.  

524.  " Falveriao 
525. " Kent i sh  red. 
596.  " Fu l l  measure.  

EGYPT.  

527. Wheat,  1st qual. 
528. " Gharbijeh.  

529.  " 
FRANCE.  

530. Wheat,  Golden drop. 

531. " Algeria. 
582. " Clear. 
533. " Brown. 
584. " Algeria.  

535. " 
536.  " de  Hernon.  

537.  " 

538.  " 

539. Wheat ,  Kissengland. 

540. " 
541. " 
542 to 570e. A collection of samples of 

Wheat  from Victoria. 

NETIIERLANDS COLONIES. G U E L D E R -  

LAI~D. 

571. Wheat,  red bunch .  
572. ~ " smooth eared. 

573. " red. 
574. " smooth eared. 
575. " red Swedish. 

576. " rugged eared. 

577. " " " 
578. " tough. 

579. " 
580. " white. 
581. " " Polish. 

582. " " Bunch.  

MEXICO.  

583. Wheat,  Frigode Guanajuato.  

NORWAY.  

584. Wheat ,  Spring heavy.  
585. " Winter ,  1875, " 

586. " " 

RUSSIA.  

587. Wheat,  Kazan,  Model farm. 

588. " " " " 
589. " Pleghin.  

590. " " 

591. " 
592. " " 1st qual. 
593. " " extra.  

594. " " 
595. " Bell. 
596. " Nostilz. 

597. " " 
598. " Maltzoff extra. 
599. " Tablo tzky  Dessetovsky. 

600. " Tablo tzky " 
601. " Dookhinoff. 

602. " Petrovsky.  
603. " Obralnoff. 
604. " Odessa Exchange  Com. 

~05. " " " " 
606. " " " " 

607. " " " " 
608. " " " " 
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609. W h e a t ,  Dyokhinof f .  

610. " Ermoloff .  

611. " Kobzareff .  

612. " L e v c h i n .  

613. " P lechanoff ,  e x t r a  qua l .  

614. " Firsoff,  " " 

615. " " 

616. " Ookhin+ 

617. " Shotiloff.  

618. " S t i c h e n s k y .  

619. " V ~ s i l t c h i k o t f .  
620. +' " 

621. " V i c k b e r g .  
622. " " 

SPAIN. 

623. W h e a t ,  F r igo .  

624. +' " 

625. '+ " 

626. " " A l a z a .  

627. " " Alonso.  
628. " " " 

629. " " " 

630. '+ " " 

631. " " Caudea l .  
632. '+ +' '+ 

633. " " E s q u i v e l  ! No. 1. 
634. " " " 

635. +' '+' Macolo.  

636. " " V a r  Neyro.  

637. " " K y l e b e r y .  

638. +' " P i c h i .  

639. " '+ Raspeb lanco .  

640. +' " " 2d qual .  

641. B l a c k  Whea t ,  Sa r r i a  ( P r o v e n c i a  de 
Lugo) .  

642. W h e a t ,  Fr igo ,  Ucgr i l l o  im  Var ipa .  

643. " Fr igo ,  Ucgr i l l o  i m  Var ipa .  

644.  +' Fr igo ,  Verd ia l .  

SWEDEN. 

645.  W h e a t ,  Ko lbchoede .  

�9 646 .  " C l e a r .  

647 .  " 2d  qual .  

TASMANIA. 

648. W h e a t ,  A r c h e r ,  W.  D. Longford .  
6 4 8 a .  " " +" " 

649. - "  Red  Tuscan ,  Creswel l ,  C. F.  

650. " Golden  Crop,  Creswel l ,  C. F. 

651.  " P u r p l e  s t r aw,  Creswel l ,  C. F. 

652. W h e a t ,  Red  L a m a s ,  Creswel l ,  C. F .  

653. " F a r m e r ' s  F r iend ,  CressweU,  

C . F .  

654. " Goldsmi th .  

655. " - -  Gibson,  W. 

656. +' W i n t e r  B r a e m a r  Velve t ,  Ho-  

gar th ,  D.,  L a n n c e s t o w n .  

657. " L a m o n t ' s  Prol i f ic ,  K e m p ,  G. 

A. ,  U p p e r  Bagdad ,  1875. 

658. " A r m s t r u g ' s  Prol i f ic ,  K e m p ,  

G. A. ,  U p p e r  Bagdad,  1875. 

TUNIS. 

659. W h e a t ,  m e d i u m  q u a l i t y .  

TURKEY, 

661. W h e a t ,  f rom A d a n a  (fair) .  

662. " " A n d u n o p l e s .  

663. " +' A n  Gora .  

664. " " Cand ie  (cr i le) .  

665. " " " (criss) .  

666. " " L a  CanOe. 

667. " " " " 
668. '+' " Cahi l .  
669. " +' D i a r b e k i r ,  e x t r a  l o n g  

and  h e a v y .  

670. " " D i a r b e k i r ,  e x t r a  l o n g  

and  h e a v y .  

671. " " Dardane l les ,  1st qua l -  

i ty .  

672. " L, Dardane l les ,  2d q u a l -  

i ty .  

673. " " E r z e r o u m ,  2d q u a l i t y ,  

674. " " Kouoo .  

675. " " Monast i r .  

676. '+ " " 

677. " " " 
678. " " S ivas ,  e x t r a  qua l i t y .  

679. " " S m y r n a .  

680. " " Yan ina .  

681. " " " 1st qual .  

682. " " " 2d qua l .  

MEXICO. 

684. W h e a t ,  F r igo .  

685. " " de  P u e b l a .  

686. " " " 

NETHERLANDS COLONIES. ZEELAND. 

687. W h e a t ,  Canada .  

688. " C h i d d a w .  

689. " H a l l e t t ' s  w h i t e  Ped ig ree .  
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690. Wheat,  Hunter ' s  white. 
691. " ]~Iacklenburgh. 
692. " Rough chaffed, Essex. 
693. " Rivet 's  Bearded. 
694. " Summer.  
695. " Taunton Dean. 
696. " Walchurern.  
697. '~ White square-headed. 
698. " Zeeland. 

,699. " Brazil. 
700. " " ' 
7OOa. " " 

C A N A . D A .  

701. Rye, Nova Scotia. 
�9 702. " Barley oats. 

703. " Fall rye. 

C f I I C A G O .  

704. Rye, Chicago Board of Trade, No. 1. 
705. " " <' " No. 2. 
706. " " " "Rejected. 

D E N ~ I A R K .  

707. Rye,  Campen. 
708. " Eldenaur Bastard. 
709. " Graf  Valdersdorff. 
71'0. " Jerusalenes. 
711. " Swedish Land.  
712. " Vaia Land. 

F R A N C E .  

713. Rye, Single, 36 Heetolitres de Siglo. 

G U E L D E R L A N D .  

714. Rye,  Great Rije. 
715. " Zeeland Rije. 

I~OI~V, 'AY.  

716. Rye,  Summer.  
717. " Winter. 
718. " " 
719 .  " " 1875 .  

728. Rye, Odessa Exchange Com- 
mittee. 

729. " Vassiltchikoff. 
730. " Vickburg.  
731. " 
732. " 

S ~ V E D E N ,  

733. Rye,  Extra  qualit T. 
734. " " Host Rag. 
735. " 1st quality.  
736. " 2d " 
737. " 3d " 

738. " early common, No. 11. 
739. " early. 
740. " hardy. 
741. " hulled. 
742. " long eared. 

T U R K E Y .  

743. Rye, Cus Kun. 
744. " Monastir. 

Z E A L A N D .  

745. Rye.  
746. " 
747. " New Giant. 
748. " Probster. 

C H I N A .  

749. Millet, Newchwang.  
750. " Shantung Prov.,value at Che- 

foo 7 cts. per sample 6338. 
751. " ]~ianchooria,fr'm Newchwang 

6333. 
752. " Shantung Prov.,value at Che- 

foo, 4 to 7 cts. per sample 
6336. 

753. " Shantung Prov., value at 
Chefoo, 4 to 7 cts. per sam- 
ple 6338. 

754. " Shantung Prov., value at 
RUSSIA. Chefoo, 4 to 7 cts. per . 

720. Rye.  sample 6339. 
721. " Bell. 755. " Shantung P r o v ,  red six cts. 
722. " Dookhlnoff. per sample 6335. 
723. " Kazan Model Farm.  756. " Kiangsi Prov., value at Ku 
724. " " " " Kiang $1,16 to $1.54 per 
725. " NovossUtseff. peeul 6345. . 
726. " " 757. " Kiangsi Prov,,  value at Che- 
727. " " '  foo, 3 cts. per sample 6354. 

!i,. 

I~IT" V '+ .......... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + . . . . . . . . . .  ~' ~ 
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758. Millet, Prey. of Hupeh, used for 
food and sowing. Value 
at  Hankow $6,00 per pe- 
cul 651I. 

UNITED STATES. 

759. Millet, Delaware. 

FRANCE. 

760. Millet, Crefle Rouge. 

RUSSIA. 

761. Millet, Manyuska Model Farm. 
762. " Odessa Exch'nge Committee. 

TURKEY. 

763. Millet, Diarbekir, large. 
764. " Cahif. 
765. " Yanina. 

ZEELA~'D. 

766. Millet, in the ear. 

NETHERLANDS COLO~IES, 

767a. Variety of Bird seed. 

CHINA. 

767. Basil seed, Shantung Province. 

AUSTRALIA. 

768. Millet, Victoria. 
769. Barley, " 
770. " English, from Mayston, Vie., 

56.~ Ibs. per bushel. 
771. " Malt from Melbourne. 
772. " " 5 ~ ? 4  Ibs. per bushel. 
773. " " from Richmond, 58K 

per bushel. 
774. " " St. Armand, 56 lbs.per 

bushel. 
775. " Campbell's creek, 58~ lbs. 

lbs. per bushel. 
776. " " from Melbourne. 

UNITED STATES. 

777. Barley. California malt fr 'mBerguer 
and Eugel, Philadelphia. 

CANADA. 

778. Barley from Canada, 

PHILADELPIIIA, 

779. Barley. Refuse from Bergner & Eu- 
gel, used for feed, 

784. 
785. 

'786. 
787. 

BRAZIL. 

780. Barley. 
781. " 

CANADA. 

782. Barley, Nova Scotia, four rowed. 
783, " lqova Scotia. 

" Manitoba. 
" Ontario two rowed. 
" " six u 
" Toronto. 

CHICAGO. 

788. Barley, Board of Trade No. 1. 
789. " Board of Trade No. 2. 
790. " Board of Trade No. 3. 
791. " Board of Trade Rejected. 

CHINA. 

792. B~ley, Pearl, Prey. of Hupeh, 6329. 
Value at Hankow, $3.00 
per peeul. 

793. " Prey. of Hupeh, Value at 
Hankow, $1.00 per peeul, 
6325. 

" Kiangsi Prey. Value at Kin- 
kiang 50 ets. per bushel, 
6313. 

795. " Kiangsi Prey. Value at Chin_ 
kiang $2.50 per peeul. 
6315. 

" Manchuria fi'om ~ewchwang 
6363. 

" Manehm'ia h'om ~Newehwang 
6323. 

" Pearl, Manchuria, from New- 
chwang, 6827. 

" Shantung Prey. Value at  
Ningpo $18.00 per petal .  
4243, 

800. " Pearl, Shantung Prov., value 
at Chefoo 12 ets, per sam- 
ple 6328. 

801. " Suburbs of Ningpo. Value 
at Ningpo $1.00 per peeul, 
6326, 

DELAWARe. 

802. Barley, Chevaloir. 
803. " Potter's. 
804. " Carter's prolific. 

794. 

796. 

797. 

798. 

799. 



DILWKARK. 

805. Barley, Riis. 
806. " Great Bluih. 
807. " Long specked six rows. 
808. " Kalina. 
809. " Yorkshire. 

EGYPT.  

810. Barley, Upper  Egypt .  

FRANCE.  

810a. Barley. 
811. " 
812. " No. 1.  

813. " Malt. 
814. u , 
815 " " 

NETH]~RLANDS COLONIES. 

816. Barley, Guelderland. 
817. " Guelderland, summer.  
818. " Guelderland, winter. 
818a. " Guelderland. 
819. " Guelderland. 

NOR~,VAY. 

820. Barley, Six rows. 
821. " Supposed four rows, 

RUSSIA. 

822. Barley, Bell. 
823. " Deughins 
824. " Kerr, 
825. " Nostitz, 
826. " Novassiltseff. 
827. " Black, Novassiltseff. 
828. " Odessa Exchange  Com. 
??9. " Pe t rovska  Model farm. 
~30. " Black, Shatiloff. 
831. " Viekburg.  
832. " " 

NORWAY �9 

888. Barley, Two Rows. 
834. " Hulled Hordeum friforcatum. 

SPAIN. 

835. Barley, Cebanda Negra. 
836. " " Caballar. 
837. " " 
888. " malt,  Cebanda. 

S~VEDEN. 

839. Barley, marked No. 15. 
840. " " No. 7. 
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841. Barley, large grained. 
842. " Early.  
843. " and oats for feed. 
844. Malt, No. 1, marked  No. 5. 
845. " No. 2, " No. 20. 

TASMA~.qIA. 

845a. Barley Malt: Win. Graeie, Hobart  
Town. 

846. " " John  Degraves. 

AFRICA.  

847. Barley, Tunis.  

TURKEY.  

848. Barley, 2d quality.  
849. " Aleppo. 
850. " Anonnoples, l s t  qual. 
851. " Cahif, 
852. " Konia, 
853. " " 
854. " La  Can6e, 
855. " Salonique, 
856. " Yolonia, 
857. " Yanina, 1st quality,  
858. " " " 

EGYPT.  

859. Barley, Upper  Eg3Tt. 

NETH~RLANI)S COLONmS. 

860. Barley. Zeeland Chavalier. 
861. " " Gumageu Spring. 
862. " ' " Six Rows First. 
863. " " Summer.  
864. " " T h u m p  Winter. 
865. " " Winter.  
866. " " Winter.  

CANADA. 

867. Buckwheat ,  
868. " Manitoba, 
869. " Nova Scotia, 
870. " Silver Hulled. 

CHINA. 

871. Buckwheat ,  Kiangsi Prey.  Value 
a t  Hinkiang  $2.10 per 
pecul, 6320. 

872. " Value at  Hinkiang 
$2.10 per  pecu], 6320. �9 

873. " Value at  Hinkiang 
$2.10 per  pecul,  6320 



209 

874. Buckwheat ,  Kiangsi Prov. Value 

at Chinkiang ~2.67 
per pecu16321. 

875. " Manchuria from New- 
chwang,  6318. 

DELA~VARE. 
876. Buckwheat .  

EGYPT. 
877. Buckwheat .  
878. " Spinach. 
879. " Hemp Ketmil.  

NETHERLANDS COLONIES, 

880. Buckwheat ,  Guelderhmd, Gray i 
Bunch.  

881. " Guelderhmd. 

RUSSLk. 

882. Buckwheat ,  Grotenfeld. 

SPAIN. 

883. Buckwheat ,  Brioa. 
884. " F'tjol. 
885. " " 

AUSTRALL~. 

886. Oats, Victoria. 

887. " " " from Buangor~ 52~g 

lbs. per bushel. 
888. " " Grown at  Hopton, 

soil heavy clay. 

Yield, 40 bushels  per  

acre. Wt. 43 lbs. 
per bushel.  

889. " " Short oats, 5 2 ~  lbs. 
per bushel .  

890. " " 50K lbs. per bushel.  
891. " " Ta~tarian oats from 

Buangor, 47 lbs. per 
bushel .  

892. " " Tar tar ian oats from 
Colomski 45 lbs. per  

bushel.  
893. " 

894. Oats. 
BEAZIL. 

CANADA. 

895. Oats, Black. 

896. " Pr. Ed. Island Bulman Black. 
897. " " " Black. 

CHICAGO BOARD OF TRADE. 

899. Oats, No. 1. 
900. " " 2. 

901. " Rejected. 

DEN~,IARK. 

902. Oat% Algier. 
903. " Odenbrueher.  

90,t. " Siberian. 

DELA~VARE. 

~)0g'. Oats, b lack  Scotch. 
906. " Sandy.  

907. " Providence. 
908. " Scotch potatos. 
909. " Beuvisk. 

FRANCE. 

910. Oats, black. 

911. " black,  large yield. 
912. " 

913. " black. 
914. " Avoiuc rouge. 

915. ~' " b l a c k . .  
916. " 

GUELDERLAND, NETHERLANDS COLONIES. 

917. 0'tts. Procstein. 
918. " big. 
919. " 

920. " bunch.  
921. " 

NORW,kY. 

922. Oats, bl 'mk. 
923. " No. 2. 

924. " Potato. 
925. " NO. 3 .  

926. " 

927. " Kinn  Bush. 

928. " Mixed barley and oats, 102 
Holland lbs. 

929. 

RUSSIA. 

930. Oats, Ermolofl: 
931. " Shatilotf. 

932. " Odessa Exchange Committee. 
933. " Shatilotf. 

934. " Vassellchikoff, R. W. 
935. " Dookhlnotf. 
936. " Bell. 
937. " F e r e o f f .  

938. " Kazan Model farm, 
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939. Oats) Novossiltseff. 

940. " Dookhinoff. 
941. " Kazan Model fiu'm. 

942. " Leochin. 
943. " St ichinsky.  

944. " " 

SPAII~'. 

945. Oats, Avena.  

946. " " 
947. " " 

S W E D E N .  

948. Oats, No. 3 .  

949. " Hulls. 
950. " Mixed grain. 

951. " 

952. " 
TASMANIA. 

953. O%ts, Pol'utd. 
954. " Tartar ian.  

955. " " 

TURKEY. 

956. O:~ts, C~udc. 
957. " Yanina,  1st qual. 

958. " " 
959. " Kus  Kuri .  
960. " Bevat. 

961. " 

ZEELA~ND, NE'PIIERLAIgDS COI,O~IES. 

962. Oats, Hc' tvy Groningen.  

963. " Fris i 'm.  
964. " Winter .  
965. " Black Tm,tarian. 

966. " Danish. 
967. " Probster .  

BRAZIL. 

970. Rice, unhul led  white. 
971. " " yellow marked 1040. 

972. " Hulled, extra,  marked  Ma- 

ranhou. 
973. " Marked Moranhou, 1043. 

CltIN'A 

974. Rice, Black roasted and t,tkeu as 
eofl'ee, South Formos'l. 

975. " 2d qu:fl., " " 
976. " 3d crop. 
977, " Tamsui  district. 

978. " 
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979, Rice, 2d crop, subm'bs os Ningpo. 

980. 3d " "  " ~' 
981. " Tamsui  districL 

982. " " " 
)88. " Shangtuug Prov. 
984. " Unshelled, 2d crop, suburbs  of  

Ningpo. 
985. " 1st qual.) South Formosa. 
986. " Paddy,  Ki,mgsi Prov. 
987. " " Tamsui  district.  
)88. " ]s~ crop unshelled, subm'bs  

of Ningpo, 
989. " 3d qu'fi., South Formos't.  

990. " /  " " " 
991. " Paddy.  Tnmsui  district.  
992. " 2d qual.,  Kiangsi  Prov. 
993. " Paddy,  Tamsui  district  
994. " 2d qual., Fukien  Prov. 

995. " Red, South Formosa. 
996. " Tamsui  district. 
997. " 2d crop unshelled. Subu rbs  

of ~ ingpo.  
998. " 1st q u a l ,  Kiangsi Prov. 
999. " Paddy, Tamsuid i s t r i c t .  
]000. " " " ,t 

1001. " Kiangsi l?rov. 
1002. " " v 

1003. " 3d crop unshelled.  Suburbs  
of Ningpo. 

1004. " T-m~sui. 
1005. " m~shelled, Prov. of Foochow 

1006. " Suburbs of Xingpo. 

1007. " 
]~GYI'T. 

1008. Rice barley. 
1009. " cleaned. 
1010. " bttrlcy. 

1MEXIC0. 

1011. Arroy de Yucahm, unhnl led  rice. 

TURKEY. 

1012. Variety of rice. 

IiA~VAIIA~ IsLANDs. 

1013. Rice, uuhul led.  
1014. " hulled, ,_No. 1. 
1015. " " " Chaleur  Pl 'ul ta-  

tion. 

1016. " " No. 2. " " 

1017. " " NO. 1. Wiahole Plait- 
tatlon. 



INDIA, NETIIERLANDg COLONIES. 

1018. Rice ,  on the  s ta lk .  

1019. " " " m a r k e d  119. 

1020. " " " m : w k e d  120. 

1021. " " " marked 121. 
]022. " " " m a r k e d  122. 

1023. " " " m a r k e d  123. 

1024. " Shel led ,  m a r k e d  124. 

1025. " Red,  shel led ,  m a r k e d  125. 

1026. " Black ,  " " 126. 

1027. " Whi t e ,  " " 127. 

1028. " " ' "  " 128. 

1029. " " " " 129. 

1030. " " " " 130. 

1031. " Unshe l led  " 131. 

1032. " She l led  " 132. 

SPAIn. 

1037. Rice,  Ar roz  Ci l indrad.  

1038. " " " 

1039. " " " 
1040. v . ,, 

MEXICO. 

1041. Rice ,  Ar roz  de P u e b l a .  

CIILNA. 

1042. Rice ,  S h a n t u n g  Prov .  Basil  seed. 

1043. ,Maize, Kia ! |gs i  P rov .  

1044. Corn,  P rov .  o f  I tul )eh.  Va lue  a t  

H a n k o w  $3.00 p e r  peeul .  

6330. 

1045. " M ' m c h u r i a  f rom N e w e h w a n g ,  

Maize ,  6347. 

1046. " Manchur i , t  f i 'om N e w c h w a n g ,  

M'f ize,  6346. 

1047. " S u b u r b s  o f  Ningpo .  V a l u e  

�9 It N i n g p o  $1.50 pe r  pecul .  

1048. " S h a n g t u n g  P r o v .  V a l u e  a t  

Chefoo  4 ets.  p e r  sample .  

6348. 

1049, " S h a n t u n g  P r o v .  V a l u e  a t  

Che foo  4 cts .  pe r  sample .  

6349. 

1050. " Smal l  s e l l o w .  

CHICAGO BOARD OF TRADE.  

1051. Corn,  No. 1. 

1052. " " ye l low.  

1053. " " wh i t e .  

1054. " ~ o .  2 .  

1055. " N e w  h i g h  m i x e d .  
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1056. Corn,  new m i x e d .  

1057. " :Rejected. 

D ELAVCA R l:.. 

1058. Corn,  A d a m s  ex t ra .  

1059. " Yel low,  known  as Canada .  

1060. " E x t r a  e ' t r ly .  
1061. " Tusc 'u 'o ra .  

1062. " Ear ]y  sugar .  

1063. " Ground seed. 

1064. " Whi t e  F l iu t .  

EGYPT. 

1065. Coru,  Na i re  Maize.  

1066. " Pea r l  " 

.MEXICO. 

1067. Corn~ Maize  de Y u c a t a n .  

SPAI~ ~. 
1068. Corn.  

1069. " ]: ,uc'u 'nado de ]?rancia.  

1070. " Maiz  perht  blal)co. 

1071. " Maiz  per la  inferior.  

1072. " Maiz :mmri l lo  de l.'t per la .  

RUSSIA. 

1073. Corn,  Maize  D e n y l | h | k  red. 

1074. " ~' ' "  ye l low.  

1075. " Odessa E x c h a n g e  Com.  

TURKEY. 

1076. Corn,  Andr[noples ,  1st qual .  

1077. " Cant 'e.  

1078. " Catr i l .  

1079. " D 'wdanel les .  

1080. " Hidg.tr.  

1081. " Voloni.t  Maize.  

1082. " Yanina .  

BRAZIL. 

1083. F | o u r  of  Mandioea .  

1084. " " " " 

1085. F a r i n h a  de " 

10t$0. S c r a p i n g  of  " powdered .  

1087. S t a r c h  of  " 

1088. F e c u l a .  

1089. Corn mea l .  

1090. F r o m  corn. 

1091. P r e p a r e d  corn.  

1092. Starci~. 

1093. Tap ioca ,  Esca ldad .  

1094. A r r o w  root. 

1 0 9 5 .  m a r k e d  8 1 8 .  
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1096. mm'ked  817. 

1097. 
1098. " 179. 
1099. " 816. 
1100. " 792. 

C H I N A .  

1101. W h e a t  flour, Sh ,mtung  Prov.  

1102. Macaroni ,  " " 
1103. Vermice l l i ,  Iqcwehwang.  

CANADA. 

1104. Oatmeal ,  Mount  Forest.  

1105. 
�9 G L E N  C O V E ~  N . Y .  

1106. Duryea ' s  Sa t in  Gloss Starch.  

1107. " " " " 
1108. ,, Improved  Corn Starch.  

1109. " Maizena.  

HAWAIIAN ISLANDS. 

1110. Tapioca .  
1111. Far ina .  
1112. Arrow root. 

1113. " " 
0 S ~ V E G O ,  N .  Y 

1114. Corn-Starch  for cu l ina ry  use. 

1115. Blue Starch.  
1116. Si lver  Gloss Stm'eh. 

1117. Refined Corn-St 'web.  
1118-1120. Variet ies  of st,lrch. 

:NETI1EItLANDS- 

1121. Flour,  Me'd,  &c. 

1122. " " " 
1 1 2 3 .  " " " 

1124. " " " 
1125. " " " 
1126. " " '~ 
1127. " " " 

1 1 2 8 .  " " " 

1129. 
SPAIN. 

1130. Afrei tas .  

SWEDEN. 

1131. lqafn-gr)m. 2 g a u g e r k r o s s o d e .  

1132. Rag-mjol .  
1133. W h e a t  Br 'm. 
1134. Rag-n!j  ol. 
1135. ~ a h l - g r y n .  
1136. Hafregryns  mjol (affan). 

1137. 
TURKEY. 

1138. Bulbed Sclep (a s t a rchy  food). 

TA s~IAI~IA, 

1139. F lour  from Tasmania .  

C L A S S  13. P L A N T S  USED FOR FOOD OTHER T H A N  CEREALS,  ( P E A S ,  
BEA~NS, ETC.).  

AUSTRALIA.~VICTORIA" 

1140. Beans, long pod ;  tile bes t  y ie ld ing 
va r i e ty  k n o w n ;  from Gcelong. 

BRAZIL. 

1141. Beans. 
1142. " speckled.  
1143. " Castor Oil. 
1144. " red mixed .  

1145. " " 
1146. " whi te  fiat. 
1147. " " common.  
1148. " " sweet ear ly .  
1149. " l igh t  si lver " C a r a n a , "  

1020. 
1150. " da rk  silver,  small .  
1151. " l igh t  gray~ 1017. 
1152. " " ve ry  sm'dl .  

1153.' Beans, yellow. 
1154. " yel low, small .  
1155. " reddish  yel low.  

1156. " red, 1004. 
1157. " long mixed ,  1005. 

1158. " brown. 
1159. " " small .  
1160. " " Parana ,  1014. 

1161. " brown. 
1162. " da rk  mixed .  
1163. " yel lowish,  1018. 
1164. " reddish,  1007. 
1165. " htrge yel low,  1018. 
1166. " reddish med ium.  

1167. " horse. 

1168. " " 
1169. " spider,  1048. 
1170. " b lack ,  1009. 
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1171. 
1172. 
1173. 

1174. 

1175. 

1176. 

117 ~" 
1178. 

1179. 

1180. 

1181. 
1182. 
1183. 

1184. 
1185. 
1186. 
1187. 

1188. 

1189. 

1190. 
1191. 

1192. 

1193. 
1194. 
1195, 
1196. 
1197. 
1198. 
1199. 
1200. 
1201. 
1202. 

1203. 
1204. 
1205. 
1206. 
1207. 
1208. 
1209. 

1210. 
1211. 

Beans, black, medium,  1015. 

" black, small, 1019. 

CAI~I 'ADA. 

Beans, Montreal White Pea. 

" Nova Scotia Purple  speck- 
led Bush. 

" " " Dunelourd Bush. 
" " " Yellow-eyed 

Bush. 
" " " Dwm'f China 

Bush. 
" " " Pole. 
't " " Royal pale. 

" " " F a w n .  

" " " Robin ' segg Bush 
" " " Provincial .  
" St. J anv ie r  Early Brown. 
" Pet i te  Cote H. 
" Province Quebec Dwarf  

Butter.  

tt 

C t l I ~ ' A .  

Black beans from Fornmsa. 
Large fl'tt green Peas, Ki 'mgsi 

Province.  

Large blqck Beans, Shantung  
Province.  

Be'ms, white, suburbs of Ningpo. 
" small  green, Kiangsi Prov. 
t, " Shal l tuug " 

" " " Kiangsi " 
" " Hupeh " 
" " Shantung " 
" black,  t Iupeh  Prov. 
" snmll green, Newchwang,  
" black, Formosa. 
" " for rheumatism,  Ki- 

angsu.  
" white, S lmntung  Prov. 
" yellow, Kiangsi " 
" rice, Fornlosa. 

" small black,  S lmntung Prov. 
" white, ,t . 

" black,  " " 
" yellow, " t' 
" large black, " " 
" " red, " " 

1212. 
1218. 

1214. 
1215. 
1216. 

1217. 
1218. 

1219. 
1220. 
1221. 
1222. 
1223. 

1224. 
1225. 

1226. 
1227. 
1228. 
1229. 
1230. 

1231. 

1282. Beans, 

1288. " 
1284, " 
1285. t, 
1236. t, 

1237. t, 

1288. " 
1239. " 
1240. " 
1241. 
1242. " 

1243. Beans, 

Beans, l'u'ge red, Shan tung  Prov. 
" yellow, Hupeh Prov. 
" red, Shantung ,, 
" large, suburbs of Ningpo. 
" flat, Kiangsi Prov. 
~c ~ tt ~t 

" small mixed, Shantung Rrv. 

" fl'om ~ewchwqng.  
" " Kittngsi Prov. 
It It F O l ' n l o s a .  

" " Kiangsi Prov. 
" name unknown,  Kiangsi 

Prov. 
" from Newehwang. ' 
, t  Kiangsi  Prov. 

" medicine,  Newchwm~g. 

" Chcfoo. 
" Newchwang. 
ct 

tt 

D E L A ~ V A . R E .  

Beans, Moh.twk. 

E G Y P T .  

large white. 
" r o u n d .  

speckled butter,  
red kidney. 
Lubia  Doliohos. 

from lower Egypt .  
(C:tstor oil) l~ ieurus  plant. 

fi'om Fayonm. 

Dolichos Lablab.  

F R A N C E .  

large white. 

�9 N E T I I E R L A N D S  C O L O N I E S ,  G U E L D E R L A N D .  

1244, 
1245. 
1246. 
1247. 
1248. 
1249. 
1250. 
1251. 
1252. 

1253. 
1254. 
1255. 

1256. 

Beans, Arab short, 
" wlfitc short. 

~ tt  F l e l l g ] l .  

tt ~t 

" yellow. 
" brown. 
" yellow, short. 
" h o r s e .  

" " mixed. 
" Pigeon. 
" spotted short. 
" Fretillery. 
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1257. Beans, salad short. 
1258. " white. 
1259. " Mottha. 
1260. " spotted French.  

1261. " L'~den big beans.  
1262. " 

�9 1263. " Fri jol  de Puebla .  
1264. " " " Yucatan  red. 
1265. " " " " black.  

RUSSIA. 

1266. Beans, French,  Odessa Exeh 'mge  
Committee.  

1267. " French,  Odessa Exchange  
Commit tee .  

1268. " French,  Manyska  model  
f iu 'm.  

1269. " French,  Manyska  model  
f.trm common.  

1270. " large flat common.  
1271, " gweet French.  

SPAIN, 

1273. Beans, Judias  de Garrot'a. 
1274. " Hab ' l s  de Manteca.  
1275. " Habas Mumda.  
1276. " Judias .  
1277. " J a b a e h a s  blaneas .  
1278. " Fosols. 
1279. " " Jabes .  
1280. " " Renegas.  
1281. " Jud ias  R~negqs senoritas.  
1282. " Jud ias  pif i tadas.  
1283. " Chinas. 
1284. " Fasols Gabachas .  
1285. " Jabas .  
1286. " Fasols Reneyas  dark,  
1287. " Fri joles Americanos .  
1288. " Habas negras  panesquetas .  

S W E D E N ,  

1290. Beans, yellow. 
1291. " brown. 
1292. " green, large.  

TASMAN'IA. 

1293, Beans~ horse. C, F.  Creswell, 

TUNIS. 

1294, Beans, white. 
1295. " small  b l a c k  spots. 
1296. " large, flat. 
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T U R K I ~ Y ,  

1297. Be'ms, Ad 'm 'b  C'lstor OiL 
1298. " Aleppo,  small.  
1299. " C:mt"e, small .  
1800. " Km~ia, white. 
1301. " P,'tl,'una r. 

NETIIEI{LANI)S COI,ONIES. 

1802. Beans, Zeeland. 
1303. " large white,  
1304. " g i 'mt  runners.  
1805. " white  g lobe . ,  
1306. " 

1307. " smtdl white.  

1308. " " " 
1309. " white  dwarf.  
1310. " b l 'mk  Pewet .  
1311. " b rown " 
1312. " large speckled .  
1313. " bt'ow~l " 
1314. '~ large  brown. 
1315. " Pigeon.  

~ u~ LOERL~.tNO. 

1316. Beans, great .  
1317. " " fiat. 
1318. " Gronnigen. 
1319. " l{uiselaer.  
1320, " large,  m ixed .  
1321. " sheep. 
1322. " Besil ian sheep. 
1323. " Thmnp .  
1324. " sugar.  

1325. " 

1 3 2 6 .  " 

1827. " 

AUSTRALIA, VICTORIA. 

1328. Peas,  Bel levine new tbdder. 
1329. " Geelong new fodder. 

�9 1330., " Bcllevine Pruss ian  Blue, crop 
of 1876, 

1331, " Geelong, 1876, Yorkshire  
head,  delicious.  

BRAZIL. 

1332. Peas,  m a r k e d  1080. 
1333. " Chicaro  P,trana. 
1334. " whi te .  
1.335. " small  greem 

CANADA. 

1336. Peas,  whi te .  
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1387. Peas, young.  
1388. " Be.mharions gray .  
1339. " Manitoba Field. 
1340. " 
1341. " " Crown. 
1342. " V.mdeuil Beau. 
134:~. " Nova Scotia nmrrow flit. 

C A N A D A .  

1344. Peas, Yeudon split. 

C H  INA.  

1845. Pe'~s, Hupeh.  V,tlue at  Hankow 
.~2.50 per peeul .  

1346. " Wuton.  Value at  Kiuk i tmg 
$1.46 per bu,~hel. 

1847. " l 'u'ge yellow. V:flue at  Chin-  
k iang  $2.67 pe r  pecul.  

1848. " Kiang~i, sm'fll dried. Value  
nt Chinkiang $2.60 per  pe-  
cul .  

1849. " Plmrbitisconv(}lvulus.  Value 
at  Xingpo $7.00 per  pecul .  

1850. " Pharb i t i s  seed. Value a t  
Ningpo ,,, .00 per  pecul .  

1851. " Kiangsi ,  Vitexir isea.  Va lue  
a t  Xingpo, r per  peeul .  

E G Y P T .  

1352. Peas,  ch ick .  
1353. " sugar  l ' i sum Sat iv ium.  e~ . 
1354. " green crushed.  
1 3 5 5 . .  " fi'om Middle Egypt .  
1356. " roasted chkd~.. 
1357. " Lupine.  
1358. " Vit ia  Stat iva.  
1359. " Cyperus  Eseulentus.  

B R A Z I L .  
1860. Peas. 

F R A . N C E .  

1361. Peas, mixed .  

N E T I I E R L A N D S  C O L O N I E S .  G U E L D E R l i J A N D .  

1362. Peas,  green crown. 
1863. " green field. 
1364. " " " 
1365. " ye l low " 
1366. " Capucin  yellow. 
1367. " " brown. 
1"~6~. " gray .  

N O R W A Y .  
1369. 
1370. Peas, ~ ' ay ,  early ril:)e. 

1371. 

1372. 
1373. 
1874. 
1375. 

1376. 
1377. 
1878. 
1379. 
1380. 
1381. 

13V2. 

1383. 
1384. 
] 885. 
1886. 
13~7. 

1389. 
]390. 
1391. 
1392. 
1393. 
1394. 
1395. 
1896. 

1397. 
1398. 

1399. 

1400. 

]401. 

1402. 
1403. 
1404. 
1405. 
1406. 
1407. 
1408. 
1409., 
1410. 

l?eas, bl 'mk, for fodder. 

I~USSIA. 

Peas, Ermolofl'. 
'" Levehin. 
" Odess'~ Exchange  Com. 

S P A I N .  

Peas,  Melas. 
" 2 ~ t t r ' t l l l l l C e $ .  

"' Guiias.  
" Titos 6 muelas.  
" Garbanzoi .  

" " not cu l t iva ted  in 
U.S .  

" quisantes verdes. 
" Zeros, (Coresha de 1875.) 
c~ A r e p o u c e s .  

" Galgana.  

S W E D E N .  

Peas,  small white,  early.  
" white, grown b y F .  Jacobsen.  
" green. 
" white hvita.  
" ear ly green. 
" small ea r ly  green. 
" Aker  ar ter  (~ra). 
" bl.tek. 

T A S M A N I A .  

Peas. 

" Field green, Hoodfbrd's,  from 
C. F. Creswell. 

" grey,  C. F. Cre,,well. 

T U N I S .  

Peas, yellow. 

T U R K E Y ,  

Peas, Bag&d,  ear ly tqble. 
" La Can(~e, small. 

" Dardanelles, small. 
" Konia. 
" Slnyrna, small. 
" Yanina,  mixed.  

" " small dark.  
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NETHERLANDS COLO]~IES, ZEELAND. 

1411. Peas. 
1412. " white. 
1413. " large blue. 
1414. " sm'tll blue. 
1415. " wrinkled. 
1416. " brown. 
1417. " 

NOR~VAY. 

1418. Tares, Futter Viciar. 

RUSSL~. 

1419. Tares, Mookhin white. 
1420. " " black. 
1421. " Kazan Model farm. 

SPALN. 

1422. Tares, Leegum. 

S~VEDEN. 

1423. Tares and oats used for feed. 

TAS~IANIA. 

1424. Tares, Golden, C. F. Creswell. 
1425. " 

EGYPT. 

1426. Lentils, G]editshia friatanthos. 
1427. " Upper Egypt. 
1428. " Bean, upper Egypt. 
1429. " Lower " 
1430, " Crushed, lower Egypt. 
1431. " " " " 

RUSSIA. 

1432. Lentils, Pem'l Deughink. 

SPAIN. 

1433. Lentils, algarrola. 
1434. " Lente}as. 
1435. " " 

TUNIS. 
1436. Lentils. 

TURKEY. 

1438. Lentils, Adana. 
1439. " Kara ]-lissar. 
1440. " Yanina. 

RUSSIA, 

1441. Ca n'ot~ Zapevaloff. 
1442. 

FRANCE. 

1443. Beet, Betteraves. 
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RUSSIA, 

1444. Beet, Vassiltehikoff. 
1445. " Zablotzky Dcssetovsky. 

SI~AI~. 
1446. Beet. 

NETHERLANDS COLONIES, ZEELAND. 

1447. Beet, maugold wurzel. 

CHINA. 

1448. Onion, Kiangsu Prov. Leek, value 
at Chinkiang, $25 pet" 
pecul. 

RUSSIA. 

1449. Onion, Zapevalofl: 

TU.N'~IS. 
1450. Onion, 

TURKEY. 

1451. Onion, Smyrna. 

RUSSIA, 

1452. Radish. 
1453. " Zapevaloff. 

EGYPT. 

1454. Turnip, etc., Brassica Aveka. 
1455. " Maysus alba. 
1456. " " Rays. 

DELA~VARE. 

1457. Turnip, white fiat. 

TURKEY. 

1458. Turnipt Saxonkhan. 

S~VEDEN. 

1459. Cabbage, etc. 

RUSSIA. 

1460. Cress, Zapewdoff. 
1461. Spinach. 
1462. Lettuce, Zapevaloff. 

EGYPT. 

1463. Lettdee. 
1464. Parsley, Apsium petroselimun, 
1465. Spinach. 

RUSSIA. 

1466. French grass, Ermoloff. 
1467. " " Kharkoo Model flu're. 

EGYPT. 

1468. Endive. 
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1469. Hibiscus Esculentus as used for 
soup. 

1470. IIibiscus Esculentus as used for 
pickles. 

CII INA.  

1471. Seeds, commercial, in paper. 
1472. " Gourd. Kiangsi Prey. 

Value at Amoy $22 per 
pecul. 

EGYPT.  

1473. Seeds, Gourd. Rouora Tavuile. 
~474. " " Pava " 

CHINA. 

1475. Seeds, Pumpkin. Slmntung. 
Value at Chefoo 8 cts. 
per sample, 3846. 

1476. " Pumpkin. Kiangsi, Value 
at Chinkiang $I5.50 
per pecul. 

EGYPT.  

1477. Seeds, Pumpkin. Quara Houpi. 
1478. " " " Ast~ar. 

I{USSIA. 

1479. Seeds, Pumpkin. Z'~pevalofl: 
1480. " Cucumber. " 

EGYI'T.  

1481. Seeds, Melon. Shammam. 

SPAIN. 

1482. Seeds, Melon. Penitas de Melon 
de todo chino. 

1488. " " Penitas. 

EGYPT. 

1484. Seeds, Melon, W'tter, 

CIIINA. 

1485. ~,~o,~ ' '  "" Melon, Water. Ncwehw'mg. 
14SO. " " " Kiangsi Prey. 

An aperient. Value at 
Chinkiang .~19.44 per pe- 
cul. 

TURKEY. 

1487. Seeds, Melon, Winter. Aleppo. 

CLASS 14. NUTS. 

CHINA. 

1488. Brown Lotus Nuts. 
1489. 
1490. " " " Hupeh Prov. 

V'due at Hankow$6.00 per pecul. 
1491. White Lotus Nuts. 
1492. Salisberean Seed. Value at Chefoo 

11 cts. pecul. Hupeh. 
1493. White Nuts for food. Value at 

H,mkow $1.50 per pecul. 
1494. ltazel ~uts from Newchwang. 

RUSSIA. 

1495. Chestnuts from Crimea, Swokhin. 
1496. " Povudooks, Swokhin. 

C l I I N A .  

1497. Cheshmts. Shantung. Value at 
Chefoo 12 ct.s. per sample. 

1498. Pe.muts. Shantung. Vqlue at Che- 
foe 17 cts. per sample. 

EGYPT,  

1499 Pe:muts. 

SPA I N. 

1500. Peanuts. Cacahuet, Mani. 

16 

1502. Phfones in shell. 
1503. " shelled. 

BRAZIL. 

1504. S|q)ucaia Nuts. 
1505. Ahnendras Blamadas del Vale, 

seed imported from Sp,dn. 
1506. Almendra Fina. 
1507. Walnuts. 

SPAIN. 

1508. Walnuts. 

CIIINA. 

1509. :Nuts. Ch~hkiang. 
1610. Apricot kernels, ltupeh. Vahte 

:tt Hankow $7.00 per pecul. 

I{USSIA. 

1511. Sueeory. Swokhin, to adulterate 
coffee. 

EGYPT. 

1512. Hibiscus Esculentus. Clmfa.~. 

SPAIN. 

1513. Chufas. 
1514. " 

}: 



1515. 

1516. 

1517. 

1518. Wahmts .  

C L A S S  15. 
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F L E S H Y  F R U I T S  (DATES.  APRICOTS,  FTC. ) .  

EGYPT. 

Ferones E lephan tum.  

CtlINA. 

Ju.iubes , red. Shan tung  Prov.  
Va lue  at  Chefoo 8 cts. 

per  sample.  
" b lack .  V.due  at  Chefoo 

4 cts. pe r  sample.  

SPAIN. 

EGYPT. 

1519. Melia Azedqraeh .  

1520. " " 

SPAIN. 

1521. Higos bhmeos o' de cofin. 

EGYPT. 

1522. Apr ico t  pqste.  
1528. Preserved dates  h'om the O:~sis. 

1524. " " 

1525. Phoenis  Dactylifer: t  Vohna.  

1526 " " 't 
1527. " " (la gu,'ma. 
1528. " " gondala.  
1529. " , ib r iny .  
1580. " " sld'tmi. 

1531. " " " 
1532. " " yar rou t i s .  

1588. Cer,ltni'L sil iqlm. 

SPAIN. 

1534-1587. Castanas.  

C L A S S  16. T H E I N  PLANTS, (TEA, COFFEE, COCOA, ETC.) .  

BRAZIL. 

1538-1547. Coffee. 
1548. Coffee, Bahia.  
1549. " " mixed .  
1550. " Bemposta .  

.1551. " 
1552. " 
1553. " 
1554. " 
1555. " 
1556. " 

1557. " 
1558. " 

1559. " 
~560. " 
1561. " 

1562. " 
1563. " 
1564. " 

1565. " 

1566. " 

1567. " 
1568. " 

1569. " 

1 5 7 0 .  " 

1571. " 

" Augus to  Sovres.  

" choice.  
wi th  and wi thou t  husk .  
Augus to ,  Sovres.  
Unhul led .  

Brunido Cantagal lo .  
Cantagal lo .  

Brunido Cantag~allo. 
Croguei ra  da gqm't .  
Corovellas.  
Cantagal lo ,  Rio de Janer io .  

Dospolpado. 
Dommgos,  Rio de Janer io .  
Exh ib i t ion  Commit tee ,  Vi-  

elllhq. 
Exh ib i t ion  Commit tee ,  Rio ! 

de ,hmerio. 

Eucreo.  

1572. Coffee, Fezueda  de Tr imnpho .  

1573. " Lavoda.  
1574. " Rio de Janer io .  

1575. " 
1576-1579. Roeha  Leao. 
1580. " Rodrigeus  Jordao.  

1581. " Supelped .  
1582-1585. San Paulo.  
1586. t, Vergueiro.  

1587. " 

n A W A U A ~  ISI, ANDS. 

1588. Coffeo, Kona.  

1589. 't " 

~ I E X I C O .  

1590. Coflbe. Car6 de Colima.  
1591. " " de Cordobq, 
1592-1595. Coffee. Caf~ de Uruqpan .  

INDIA, NETIIERLANDS COLONIES. 

1596-165& Coffee, Nether lands  Cata -  
logue, ~[os. 59-116. 

R U S S I A .  

1655. Coffee. Bqrley,  Sivokhin .  

1656. " Acorn,  " 

1657. " " " 
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BRAZIL. 

1658-1661. Cocoa. 
1662. Cocoa. Dipterius odorator. 
1663. 
1664. " 

EGYPT. 

1665. Tamar ind  husks. 
1666. " " 
1667. Pong'unia  glabra. 
1668. " " 
1669. Acac ia  niloiioa. 
1670. Ceratonia Siliqua. 

CLASS 17. S A C H A R I N E  SEEDS 

CHINA. 

1672. Sorghum, Kittngsi Prey.  Value at 
Chefoo 2 cts. per sam- 
ple. 

1673. " Kiaugsi Prey.  Value at 
Kiukiang $1.50 per 
pecul. 

1674. " Heupeh. Value a t H a n -  
kow $1,50 per pecul. 

T U N I S .  

1675. A seed resembling sorghum. 

AUSTRALIA, QUEENSLAND. 

1677-1682. Sugar.  

AND SUBSTANCES.  

BRAZIL. 
1683. Sugar,  Ceara. 
1684. " " 
1685-1697. Sugar, manuf imtureda t  Cam-" 

p.ts L'io de Janerio.  
1698-1709. Sngar,  manuf. ,  Pernambuco.  

CHICAGO BOARD OF TI{AI)E. 

1711. Sugar, Beet, 1st product. 
1713. ~' " 3(1 " 

t I A  W A I I A . ~  ISI~.~DS. 

1714--1727. Sugitr. 

LNDIA. /~ETIIERLANDS COLONIES. 

1728-1735. Sugar.  

CLASS 18. AROMATICS,  (ANISE,  DILL,  ETC.). 

ALGERIA. FRENCH COLONIES. 

1737. Hops. 
AUSTRALIA, VICTORIA. 

1738. Hops, from tile aboriginal station 
Corrandeuk. 

1739. " California, from Bergner & 
Engel, Brewers, Phila.  

1740. " best  Bavarian, from Bergner 
& E,lgel, Brewers, Phila. 

1741. " ~ e w  York, from Bergner & 
Engel, Brewers, Phila. 

FRANCE. 

1742. tIops. Burgundy.  
1743. " Lorraine. 
1744. " 

R U S S I A .  

1746. Hops, Bohemia. 
1747. " " 

TASMANIA. 

1748. Hops, Golden. 
1749. " known as No. 49. 

SPAIN. 

1750. Cauamones.  
1751. ~ , 

TURKEY. 

1752. Anise seed, from Mardis. 
1753. " " " Aleppo. 
1754. " " " Dardanelles. 

SPAIN. 

1755. Anise seed. 
+ 

T U N I S .  

1756-1759. Anise seed. 

UPPER EGYPT. 

1760-1762. Anise seed. 

.NETIIERLANDS COLONIES. ZEELAND. 

i 1763. Caraway.  

I R U S S I A .  

i 1764. Dill. Zapevaloff. 

T U N I S .  

1765. Coreanda. 
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EGYPT.  

1766-1768. Coriandrum Sativum. 

SPAIN. 

1769. Pimente de BTaboo. 

CII INA.  

1770, Clove Tree seed. 
1771-1772. Cloves. 

INDIA,  2(ETHERLANDS COLONIES. 

1773-1775. Pepper,  white, 
1776-1779. " black. 

EGYPT,  

1781-1782. Pepper,  red~ Capsicmn an- 
IIUUlll ,  

INDIA.  NETIIERLANDS COLONIES, 

1783, Chile Mulato. 
1784-1789, Mace. 

CLASS 19. OLEAGINOUS SEEDS, (FLAX, RAPE, DILL, ETC.). 

CHINA. 

1700. Seed of a plant, Syschuen Prov. 

CANADA t NOVA SCOTIA, 

1791. Flaxseed. 
1792. " Var~nnov.  

FRANCE.  

1793-1794. Flaxseed. 

CUELDERLAm). 

1795. Flaxseed. 
1796, " Crop of 1875. 

1 7 9 7 .  

1798. 

1799. 
1800. 

1801. 
1802. 
1803. 
1804. 
1805. 
1806; 
1807, 
1808. 

1809. 

Direct 
importation from Riga 
at Rotterdam. 

" Crop of 1875. White 
blossom~ Dutch. 

Flaxseed. 

RUSSIA. 

Flaxseed. 
" Bessarablan Horticultuo 

r~fl School. 
" Pskor Statistical Com. 
" Haramycheff.  
" Kazan Model Farm. 
': Obralnofl: 
" Odessa Exchange Com. 
~' Dootehmoff. 
" Repuin Princek. 
" Oil Press Pskor Statisti- 

cal Com. 
" Ploshanoff. 

1810. 
1811. 
1812. 

1813. 

SPAIN. 

Linaza. 
Flaxseed. 

SWEDEN. 

Flaxsee.d. 

T A S M A N I A .  

1814. Flaxseed, from C. F. Creswell. 

TUNIS, 

1815. Flaxseed. 

TU~KF~Y. 

1816. Flaxseed from Tutom's. 

Z E E L A ~ N D .  

1817, Flaxseed. 

GUELDERLAND.  

1818. Lin Meal  

RUSSIA. 

1819. Linseed Oil Cake. 

CHINA. 

1820-1822. Sesamum seed. 
1823. Small Pine " 
1824. Mustard 
1825. Sin " 
1826. Cabbage t, 
1827. Castor oil beans. 
1828. " " " 
1829. Large pine seed. 
1830-1833. Sesamum seed. 

]RUSSIA. 

1834. Canary seed. 

FRANCE.  

1835. Canary seed, from Algeria. 

ZEELAND.  

1836. Canary seed. 

BI{AZIL. 

1837. Mustard. 

ZEELAND.  

1838. Yellow mustard. 
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RUSSIA. 

1839. Sunflower seed, Bessarabian I t o f  
tieultural School. 

TURKEY. 

1840. Sunflower seed, white, f r 'm Aleppo. 

SPAIN. 

1841. Sunflower seed. Alazor. 

:EGYPT." 

1842. Sunflower seed. Carflmmus. 
1843. " " " 
1844. Pistacia therebintus. 
1845. Poppy. 
1846. Lnetuea 0leifera. 
1847. Rqpe seed. 
1848. " " 
1849. White Rape. 
1850. Sesame. 
1852. Mustard. 

FRANCE. 
1853. Cameline. 
1854. Colza seed. 

GUELDERLA:ND. 
1855. Rape seed. 

RUSSIA. 
1856. Rape seed. 
185'L " " 
1858. Camline seed, 
1859. Rape " 
1860. " " wild. 

SPAIN. 
1861. Semilla de madi~t sativa. 

TURKEY. 
1862. Oilseed. 

TASMANIA. 
1863. Rape seed. 

ZEELA~ND. 
1864. Wiuter rape. 
1865-1868. Oilseed, 

CLASS 20. FORAGE PLANTS, (CLOVER, HAY, ETC.). 

DELA~VARE. 

1869. Red Clover. 

:NORWAY. 

1870. Red Clover. 

RUSSIA. 

1871. Clover seed. 
1872. " " 
1873. " " Kazan Model farm. 

SWEDEN. 

1874. Clover seed. 

TASMANIA. 

1875. Perennial Red Clover. 
1876. White Clover. 

RUSSIA. 

1877-1880. Timothy seed. 
1881. Kazan Model farm. 

S~VEDEN. 

1882. Timothy seed. 
1883. t' " 
1884. Grass seed. 

NOR~VAY, 

1885. Mixed grass seed. 
1886. Timothy seed. 

DELA~VARE. 

1877. Timothy seed. 

TASMANIA. 

1888. Italian Rye-grass seed, 
1889. Rape grass seed. 

:EGYPT, 
1890. Cress seed. 

AUSTRALIA. 

1891. Red gross seed. 

FI~kNCE. 

i892. Minette. 

DELA~VARE. 

1893, Hungarian g r ~ s  seed. 

RUSSIA. 

1894, Lucerne. 

CItINA, 

1895. Lucerne. 

RUSSIA, 

1896. German Mohair. 
1897. ~Iohair, 

TASMANIA. 

1898. Lucerne. 



222 

E G Y I r r .  

1899. Melilotus. 
1900. 

S P A I N .  

1901. Mijo. 
S~VEDEN. 

1902. Klofver-fro. 

1908, Mixed Clover. 

RUSSIA.  

1904. Spurry. 
1905. " Kazan Model filrm. 

CHi~i 'A.  

1906. Knot Grass. 

CLASS 21. GUMS, RESINS, E tC .  

B R A Z I L .  

1907. Acacia angico. 

E G Y P T .  

1908. White gum. 

I N D I A .  

1909-1911. Crude gums. 
1912-1915. I{efined wax. 

I~IEXICO. 

1916. Campeehe wax. 

N E T H E R L A N D S  COLONIES IN  INDIA. 

1917-1922. Rubber. 

B R A Z I L .  

1923. Rubber. 

QUEE.NSLAND,  A U S T R A L I A .  

1924. Glue. 
1925. Prepared strings for musical in- 

struments. 

B R A Z I L .  

1926. Glue. 

i t 

CLASS 22. MEDICINAL PLANTS. 

I N D I A .  

1927. Medicinal preparations. 

C H I N A  �9 

1928. Opium, native. Value at H.mkow, 
$340.00 per peeul. 

1929. The fi�9 of a tree, a medicine. 
$11.50 per peeul. 

1930. Rice roasted and prepared as cof- 
fee (not ground) to assist diges- 
tion. 

1931. A tonic and cooling medicine. 
$11.00 per pecul. 

1932. Cassiatora seed for Ophthalmia. 
$12.00 per peeul. 

1983. A stomachic. $7.00 per pecul. 
1934. A tonic and astringent�9 $13.00 per 

peeul. 
1935. Leek seeds for neuralgia. $5.00 

per pecul. 
1936. Poison. ~14.00 per peeul. 
1937. A tonic andantirheumatie. $11.50 

per peeul. 
1938. Caterpillar for bronchial com- 

plaint. $11.00 per peeul. 
1989. Cyperus esculentus, a stimulant. 

$9.00 per peeul. 

1940. Cassia sophora bud, a tonic and 
astringent. $6.80 per peeul. 

1941. Serophulttria seed, a stimul,mt. 
$5.00 per peeul. 

E G Y P T .  

1942. Fraxinus ornus. 
1943. Senna. 

INDIA. NETHERLANDS COLONIES. 

1944-.1951. Medicinal. 

M E X I C O .  

1952. Copal de pudra. 
1953. Copalchi. Croton pseudo china. 
1954. Lengua de Ciervo. Polypodium 

laneeolatum. 
1955. Art~mina MexicanaEstafiata. 
1956. Semillas de balsamo. Mysosper- 

mum. 
1957. Yerba de la Puebla. 
1958. Yerba dulce. Lippia dulcis. 
1959. Zempoalxochitt. Zagetes Mexi- 

c a l l a .  

1960. Yerba del Negro. Malva angusti- 
folia. 

1961. Te de milpas. Bidens tetragona. 
1962. Prodigiosa. Athanaria amara. 



1963. Bonplandi. 
1064. Yerbadel Cafiae. Gomphrena pro- 

cumbells. 
1965. Gqy~tb.t. Arctostaphylos pungens. 
1966. Semill.ts de cominos nerticos. 

Thapsia asclepium. 
1967. Nauchal.thua. Erythrea Sticta. 
1968. l':tlo del Muerto. lpomma Munm- 

coides. 
1969. Raiz de Yesgos Urtica Mexicana. 
1970. Calayuala. Polypodium aureum. 
1971. Tripe de Jud:ts. Cissus tiliaeea. 
1972. Contrayerba. Dorstenia contra- 

yerv.t. 
I973. CITtrina coralodendrum. 
1974. I,in,doe de Mexico. 
1975. Cana festuh. Cassia brasiliensis. 
1976. Coltmcapatli. Solidqgo Montana, 
1977. Salvia Bea l. Buddleh globosa. 
1978.  Mispatle. l~uddleia verticillata. 
1979. Hachinol, Heimia saliciiblia. 
1980. Ceb.tdilla. Veratrium cevadilla. 
1981. Atlanchana, Cuphea lanceolata. 
1982. Dictamo Real, MalTubium pseudo 

dictamus. 
1988. Tacopatle. Aristoloehia Mexieana. 
1984. Peonia Mexieana. Cyperus rotun- 

dus. 
1985. Ahuehueti. Taxodium distiehum. 
1986. Jamaica. Hibiscussabdarifit. 
1987. Yerba del Anel. Eupatorium 

sanctum, 
1988. Gengibre Zingiber officinalis. 
1989. Crameria pauciflora. 
1990. Raiz dC. Yndio.Arisfblochia fcetida, 
1991. Fecuh del Jatropha edulis. 
1992. Acido Pipitzhoie estrado del fixis 

pipitzahoac. 
1993. Tarilla'. Seneeio vernus. 
1994. Gobunadorq de Mexico. Zigophil- 

um fabago. 
1995, T e p o z , m ,  Buddleia Americana. 
1996. Capulin. Cerasuscapollin. 
1997. T d  limon. Andropogou citratus. 
1998. Picosa. Croton ciliatum glandulo- 

Sl.lln. 

1999. Cedron, Aloysia citriodora. 
2O00. Arrayan. Myrtus arn~yan. 
2001. Yerba del Zorrillo. Croton dioicus. 
2002. Flor de Sauso. Sambucus Mexi- 

c a n u s ,  
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2003. 

2004. 
2005. 

2006. 
2007. 
2008. 
2009. 

2010 
2011. 
2012. 
2013. 
2014. 

2015. 

2016. 
2017. 

2018. 
2019, 
2020. 
2021. 
2022. 

2023. 

2024. 

2025. 

2026. 
2027, 
2028, 

Contrayerba. Dorstenia Contray- 
crva. 

Codo dc Frqile. Fevetia icotli. 
Gordolobo del Pals, Gnaphalium 

canesccns. 
Cuapinole. Ambar Mexican:, 
V'deriamt Folucana Collas'ttelus. 
Semilla? de Curcas purg.ms. 
Su(lda Consueida. Potentilla mul-' 

tifida. 
Gonm del mangle, Rizophora. 
Yncienso de Mexico. 
Goma de Sonor~. Mimos.t lacifocra. 
Recitm del schinus molle mejico. 
Goma de Mesquite. Inga circin- 

alms. 
Pimienta de T'~basco. Myrtus pi- 

menta. 
Cortezia do Cuachalalate Rajania. 
Semiila de Tieamt~. Jolichos tube- 

r o s u s .  

Cuayiote. Rhus perniciostt. 
Frittos dela Bixa Orelhnm. 
Toloxochitl. Magnolia Mexictma. 
lCesina del Achrqs Z'Lpota. 
Doradilla, Lycopodium nidiformis. 

RUSSIA. 

Poppy seed, Manywska Model 
Farm. 

c.~PE OF GOOD ImPE. 

Pr'tirie Damask leaves. 

TAS~IANIA. 

Eucalyptus Globulus or blue gum. ~ 
Prevents fever where sown. 

EGYPT, 

Poppies cut for the opium,, 
Tamarind cakes from Dar/bor. 

t t  t~ , t  , t  

CHINA. 

2029-2041. Tobacco. 
2042. Large leaf tob.mco. Port Foochow. 
2043. " " " Newchwang. 

GUELDERLAND, 

2044-2047. Leaf tobacco for wrappers. 
2048. Tobacco. 
2049. " for snuff. 
2050. " for cigar wrappers. 
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BRAZllJ. 
2051. Tobacco.  

cjUEtJmut,,~z~. 
2052-2063. Tobacco.  

BRAZIL. 
2064. Tobacco  fi'om the Colony of  St. 

Maria.  

(; UELI) r:ItL,AND. 

2065. Tobacco tbr wrappers,  

2066. " " " 

I|RAZII., 

2067-2069. Stalks  of" r ice ttltd 1-3-o. 

CLA~S 23. MISCELLANEOUS SEEDS AND P L A N T S .  

A. Fibrous Plants. 

]tUltSlh. 

2070. F ibrous  barks .  

2071. " " 

2072. Bast  s t r ing  for m a k i n g  rope. 

BRAZIL. 

2073. F ib rous  plants.  
2074. " b ' t rks  for m a k i n g  rope. 
2075. " " as used for rope. 
2076. Rope samples,  
2077, Broom made  from fibrous plants .  
2078. F ib rous  plants .  
2079-2082. Barks  t~rom trees as used for 

paper  s tock.  
2083-2084. Colored fibres as used for 

coarse cloth. 
2084a-2084h. Cer ta in  Brazi l ian fibres. 

T U R K E Y ,  

2085. Samos Sole, 

CIIINA. 

" 2087. Coarse fibrous barks .  
2088. F ib rous  grass. Newchwang,  
2089. " " Takow.  
2090. " " " '  
2091. " " 
2092. " " Tnmsui ,  
2093, F ib rous  ~lants for mak ing  ropes.  
2094, Coarse  hemp.  King Ma. 
2095. F ib rous  plants  for mak ing  rope, 
2096. " " " " Alnoy. 

) IEXICO.  

2 0 9 7 .  F i b r e s  o f  t h e  A g a v e  S i s a l i n a .  

2098. " " " " 

2099. Sisal  hemp,  AgaveSis01ina ,  
2100. F ib res  of the Maguey  Agave ,  
2101. " Leehugue l l a  Agave .  

CItINA, 

2102-2103, F ib rous  gr ' tss for m. lk ing 
cloth, C:mton, 

2104. Maj ' tgua.  

MEXICO. 

2105. P i ta  fibres of  a b romaeeous  phmt.  

2106. F ibres  of the M:tguey Agave  Mex-  
icttlla, 

2107. P i t a  de Leehuguelhl .  

QUEENSLAND. 

2108. Sida Ratusa,  
2109. Fibres .  
2110. " 

t[A~VAIL~/g ISLANDS. 

2111, Fibrous  barks .  

RUSSIA ~.:ND HOLLAND. 

2114. F lax ,  blue Dutcl  b hand seutehed.  
2115. " " " " " 
2116, Fl,~x, 1st qual ,  
2117. " 51~ " 
2119. " 
2120. Tow No. 2. 
2121, F lux ,  blue blossom seed, mil l  

seutehed.  
2122. " Blue Dutch,  Gueldcrl ,md.  
2123. '~ ~' " " 
2124. "' " " Kin of  Riga  seed. 

2125. " " " Grown in Gronin- 
gen. 

2126, '" " " Imnd seutehed.  
2127. " " " Fr ies land Prov. 
2128. " " " hand  scutched.  
2129. " " " mil l  " 
2180. t, ,, " white blossom seed 

l : r ies land,  
2131. F l a w  b lue  blossom seed, mill  

scutched.  
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2132-2145. Flax. 
2146. Best Frieshm~l flax. Blue Blossom- 

seed. 
2147-2149. Flax. 
2150. Best Groningen flax. Blue Blos- 

som, Riga. 
2151. 2d qual. flax. 
2152. Prime Friesland flax. 
2153-2155. 2d quality B flax. 
2156. 2d quality flax. 
2157. Tow flax. 
2158-2161. Flax. 
2162-2165. Half  combed flax. 
2166. 
2167. 
2168. 
2169. 
2!70. 
2171. 
2172. 
2173. 
2174. 
2175. 
2176. 
2177. 
2178. 
2179. 

A. H. Whishaw & Co. flax. 

1st qual. W. flax. 
" " flax. 
Best Friesland, hand scutched flax. 

1st qual. flax. 
2d " " 
White flax, growth of 1875. 

" Zceland flax. 
Groningen, mill scutched flax. 
1st qual. flax. 
Best Groningen flax. 

TURKEY. 

2180. Fibre resembling flax. 
2181. " uncombed. 
2182. Italian flax, unscutched. 
2183. ". " scutched. 
2184. Fibrous barks. 
2185. " " 

RUBSIA. 

2186. Flax unscutched. 
2187. " " 
2188. "' 
2189. Tow. 
2190. Flax, 2d quai, 

MEXICO. 

2191. Certain fibrous barks. 
2192. " " "" 

HAWAIIAN ISLANDS. 

2193. Cloak made from grass. 
2194-2220. Various fibres. 

NEW YORK. 

Contributed by H. W. Jones. 
2221. Asbestos from Cecil Co., Md. 
2222. " ~Iitchel Co., 1~. C:trolina. 
2223. " Felting. 
2224. " paper. 
2225. " as used for steam pack- 

ing. 
2226, " thread. 
2227. " as used for cement felt- 

ing. 
2328. " as used for board, paper 

and thread. 
2229. " from Harford Co., Md. 
2230. " for paints, :New York. 
2231. " froni Harford Co., Md. 
2232. " used for lining felt, N. Y.- 
2233. " Italian. 
2234. " from Richmond Co., N. Y. 
2235. " " Oconee Co., S. C. 

B. Seeds and Bar'S. 

TURKEY. 

2236. Black cherries. 
2237. Hawthorn berries for hedge plants. 
2238. " " 

2239. 

2240. 
2241. 
2242. 
2243. 
2244. 
2245. 

RUSSIA. 

Cedar nuts. 

EGYPT. 

Capia fistulata. 

Cassia faliata. 

Goat's Thorn. 
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2246. red Coreopsis. 
2247. yellow " 
~248-2250. Dianthus sinensis. 
2251. Gomphrena globosa. 

EGYPT. 

2254. Forest tree. 

SWRDEN. 

2255. Tall-fro, pine seed. 
2256. Gran-fro. 

BRAZIL. 

2252. Marcella. 
2253. ~' 
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EGYPt. 

257 .  Wigella. 
CIHI~A. 

2258. Buckthorn kernels. 
2259. Sesammn seed. 
2260. Thorn seeds, for hedge. 
2261. Seeds. 

EGYPT. 

2262-2266. Gourds. 

TURKEY. 

2267-2269. Gall nuts. 

CHINA. 

2270. Wllite nuts. 

TURKEY. 

2271. Gal! nuts. 
2272. Yello~v berries, for a dye. 
2273. Sumac berries. 

ZEEL~ND. 

2274. Two years' dried madder root. 

GUELI)ERLAND. 

2275. Oak tan. Peeled by steam engine. 

CAPE OF GOOD HOPE. 

2276. Damask tree. 

SPAIN. 

2277. Saffron. Prnin. 
2278. Alazor. 

ZEELAND. 

2279. Dried madder. 

CAPE OF GOOD HOPE. 

2280. Waggon tree. 
2281. Leucandendrnm No. 2. 
2282. Pro-tea Mellifera. 
2283. Knotted tree. 
2284. Rockwood. 

GUELDERLAND. 
2285. Oak tan. 

NETIIERLAMDMo 

2280. Indigo seed. 

cIIINA. 

2287. Indigo seed. 

EGYPT. 

2288-2291. Various seeds. 

TUNIB. 

2292-2294. Various seeds. 

EOYI'T. 
2295. Seeds. 
2296. Forest tree seeds. 

BRAZIL. 
2297. Seeds. 
2298. Seeds, marked 1038. 

TASMANIA. 
2299. Blackwood. 

E G Y P T .  
2300. Seeds. 

NETIIERLANDS. 

2301. Marked No. 265. 
2302. " 266. 

BRAZIL. 

2303. Southern moss. 

EGYPT. 
2304. Gauve. 

MEXICO. 
2305. Dye stuff. 

TURKEY'. 

2306. Various seeds. 

EGYPT. 

2307-2309. Various seeds. 

BRAZIL. 
2310. Nuts. 

CHINA. 

2311-2318. Various seeds. 

GUELDERLAND. 

2319. Oak tree. Peeled by  hand. 
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D E P A R T M E N T  I l L -  M I N I N G  A N D  M E T A L L U R G Y .  

CLASS 25. CLAYS, KAOLI.~, SILEX, EARTHS AND IH'~FRACTORY STONES 

2321. 

2322. 

2323. 

2324. 

2325. 

2326. 

2327. 
2328. 
2329. 
2330. 
2331. 
2332. 
2333. 
2334. 
2335. 
2336. 
2337. 

2338. 
2339. 
2340. 

FOR FURNACE LININGS. 

KENTUCKY. 

Pea Ridge soil. Taken 18 in. be- 
low surfiice. 

J. W. Scott. Taken 1 foot below 
surfiLce. 

Grayson County. T~tkcn 2 feet 
below surfiwe. 

Little Sandy River. Taken 6 in. 
below surfitce. 

h'on Hill. Taken 18 in. below sur- 
f:tee. 

Woods in valley of L. S. River. 
Taken 6 in. below surface. 

Virgin soil in open woods. 
Old field subsoil. 
Old field soil. 
Tygert's Creek. Surface soil. 
W. Abbot farm. Old field soil. 

,, ,, ,, L, subsoil. 
V. Calvin fiirm. Virgin soil. 
Iron Hill. Top soil. 
Surface soil. 
Iron Hills. Top soil. 

" " Subsoil 18 in. below 
surface. 

Siliceous grit. 
Old field subsoil. 
Iron Hills. 18 in. from surface. 

FRANCE. 

2417. Portland cement. 

RUSSIA. 

2418. Riga cement. 
2419. Jabe cement. 

HOWE'8 CAVEj N. Y. 

2420-2430. Jars of powdered cement. 
2431-2437. Specimens prepared for the 

testing machine. 
2438-2441. Specimens under water two 

years. 
2442-2456. Specimens of the crude rock 

from various parts of the 
cave. 

2457. Rough stalagmite. 
2458. " " broken lengthwise. 

2341. W. Abbott fitrm. 1 foot from sur- 
fiLce. 

2342. Iron tlills. Top soil. 
2343. Gr:lyson County. Red marl. 
2344. J .W.  Scott. Subsoil. 
2345. " " " 
2346-2401. Soils fi'om v.lrious counties 

in Kentucky. 

QUEENSLAND~ AUSTRALIA. 

2402-2405. S~il. 

AFRICA. 

2406-2411. Sand from the Groat Desert. 
2412. Sable s:md. 

KENTUCKY. 

2413. Various samples of clay. 

NEW JERSEY. 

2414. Fire bricks for furnace linings, 
manufactured by A. Hall & 
Sons, New Jersey. 

ENGLAND. 

2415. Fire bricks, manufactured by King 
Brothers, Stourbridge, England. 

WISCONSIN. 

2416. Fire bricks from B. W. Felt- 
housen, Milwaukee, Wis. 

CLASS 26. LIMES CEMENTS, ETC. 

2459. Rough stalagmite broken crosswise. 
2460. Polished stalagmite. 
2461. Rough stalactite from the cave. 

FIRE PROOF BUILDING CO., N. Y. 

2462-2.170. Artificial stones, manufac- 
tured for building purposes. 

JOSEPH HA2~IBLET, STAFFORDSHIRE, ENG. 

2471-2475. Artificial stones for building 
purposes. 

ROTTERDAM, HOLLAND. 

2476. Various specimens of building 
stones and bricks. 

2477. tJolleetions of tiles and sidewalk 
paving bricks. 

2478. Artificial street paving stones. 
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CLASSES 27, 28. 

A. Ores and Associated Minerals. 

CANADA. 

2479-2530. Collections of ores and rain. 
erals from various parts of 
the Dominion. 

NEVADA AND CALIFOR~iA. 

2531-2536. Rich gold and silver ores. 

AUSTRALIA, QUEENSLAND. 

2537-2545. Native copper, lead, and tin 
ores. 

PENNSYLVANIA. 

2546-2549. Rich iron ores. 

OlIIO. 

2550-2555. Specimens of rich native 
ores. 

WEST VIRGINIA. 

2556-2606. Specimens of ores and mln- 
er:tls from wtrious parts of the 
State. 

KENTUCKY. 

2607-2631. Selected specimens from ~ev- 
eral counties. 

NEW YORK. 

2632. Seven specimens of Ferroman- 
ganese containing w~rious per- 
cents of Manganese collected 
and furnished by H. Chapman. 

2633-2640. Specimens of coal, ore, and 
flux, used by the Union Iron 
Co., Buffalo. 

B. Iron Specimens in the Pi  9 and Rolled Bar. 

UNION IRON CO., BUFFALO, N .Y .  TRENTON CO.~ TRENTON, N. J .  

2641. Specimens of pig iron. 2698-2734. Specimens of rolled beams 

2642-2698. Specimens of rolled bars, andrails. 
rails and iron for building RUSSIA. 

2735. Pig iron. purposes. 
2736. Specimens of rolled bar. 

CLASS 29. LEAD AND SILVER. 

BELGIUM. 

2737-2783. Specimens of lead and silver, the products obtained by work upon a 
silver lead ore. 

D E P A R T M E N T  I V . - -  M A N U F A C T U R E S .  

CLASS 30. COTTON SHEETING AND SHIRTING, PLAIN AND 
TWILLED. 

BRAZIL. 

1-16. Plain and twilled heavy cotton 
cloths. 

AMSTERDAM, NETHERLANDS. 

Samples of the Reuendoom Steam Spin- 
ning and Weaving. 
17. White heavy sheeting. 
18. " " " with sample 

of filling. 
19. Bleached. 
20. Unbleached. 

Samples of Theversmusche Steam Spin- 
ning and Weaving. 
21. Unbleached plain 42 inches wide. 
22. Twilled sheeting dressed. 
23. Unbleached. 

Komuklykeweefcoederen Fabrik, Van 
C. T. Stark & Co. te Hencelo. 
24-28. Cottonnets, Java. 
29-45. Prentanieres Sevant. 
46-52. Ginghams. 
53-88. Tringano sarongs (British India). 
89. Coarse heavy sheetings. 
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CLASS 31. COARSE FABRICS OF BARK, GRASS, ETC. 

CHINA. 

2784,2927. Specimens of grass cloth of various varieties. 

CLASS 32. WOOLEN AND MIXED FABRICS, YARd, S, ETC. 

TURKEY. 

2927-~939. Linen yarns and threads. 
2930. Cotton thread. 

I 2931-2933. Woolen yarns. 
2934. Specimen of silk. 

CLASS 33. TELEGRAPHIC WIRES AND INSULATING MATERIALS. 

SIEMENS BROS., LONDON. 

2935. Mediterranean cable. 
2936. Military cable, braided. 
2937. Harvey's Torpedo cable, 
2938. Black Sea cable. 
2939. Hong Kong-Shanghai-Posiette. Gt. 

Northern Telegr. Co. Deep Sea 
cable. 

2940. Shore end of 2939. 
2941. Platino Brazilera Telegr. Co.'s 

cable. Shore end. 

2942-2958. Sample coils of various insu- 
lated wires. 

2959-2962. Specimens of crude gutta 
�9 percha used for insulating 

wire. 
2963-2970. Specimens of" gutta pereha 

in various stages of the 
process of~manufacture. 

2971-2976. Gutta percha in tile finished 
products. 

CLASS 34. SPECIMENS OF NAILS, TACKS, ETC. 

BOSTON, MASS. I 2983. Sample card of nails and tacks 
2976-2982. Samples of Horse shoe nails I from the manufilctory of Dunbar, 

from Globe Nail Co. Hobart & Whidden. 

CLASS 35. FILES AND HARDWARE. 

FRANCE. 

2984-3128. Files from the manufactory. 
of Limet Lapareille & Cie. 

3129-3148. Horse shoe magnets from the  
same fi|m. 

PROVIDENCE, R, L 

3149-3207. Files from the Nicholson File 
Co. 

FROM THE WASHINGTON MILLN, ASH- 

LAND, MASS. 

3208-3243. Collection of samples of 
Turkish emery in the rock 
as found, and in the man- 
ufactured state. 

3244. Cascade evaporator. Presented by 
Win. R. ~Lafourcade. 

CLASS 36. BRICKS, DRAIN TILES, ETC. 

NETHERLANDS ROYAL COMMISSION. 

3245. Various specimens of building 
and drain bricks, also samples 
of drain pipes. 

ENGLAND. 

3246-3248. Ornamental bricks for build- 

ing purposes, by Joseph Hamblet, 
Staffordshire. 

NEW JERSEY. 

3249. Varieties of bricks, by A. Hall & 
Sons, Perth, Amboy. 
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CLASS 37. FIRE CLAY GOODS (CRUCIBLES, POTS, ETC.).  

TAUNTON, MASS. 

3250-3305. Crucibles and pots from 
Phcenlx M'fg. Co., as fol- 
lows : 

I Spelter basin. 
1 No, 40, the ordinary, size, steel crucible. 
1 No. 50 Brass crucible. 
2 No, 25 " " 
2 No. 20 " " 

2 No. 18 " " 
2 No. 16 " " 
2 No. 14 " " 
2 No. 12 " " 
2 No. l0 " 
2 No. 8 " " 
2 No. ? " " 
2 No. 6 " " 

2 No. 5 Brass crucible. 
2 No. 4 " " 
2 No. 3 " " 
2 No. 2 " " 
2 No. 1 " " 
3 Jeweller's, special. 

All of file sizes from No. 1 to 14 are 
used by jewellers for melting silver, etc. 
2 No. 1 Covers. 
1 No. 40 Steel cover. 
2 No. 4 Dips, used by Reed & Barton. 
2 ~o.  3 " " " U. S. Assay Office. 
4 No. 2 " " " " " " 
2 No. I " " " " " " 
2 Stirrers " " " , " 

2 Muzzles used by Bessemer steel works. 
2 Stoppers " " " " " 

CLASS 38. TILES, PLAIN AND ENCAUSTIC, ETC. 

LUXEMBOURG. 

3306-3312. Specimens of plain floor tiles. 

NETHF~RLANDS. 

3313. Various specimens of plain and 
ornamental floor tiles. 

3314. Specimens of roofing tiles. 
3315. " " sidewalk paving tiles. 

PHILADELPHIA. 

3316-3322. Enamelled and encaustic 
tiles, presented by  Sharp- 
less & Watts. 

NEW YORK. 

3323-3334. Plain and ornamental floor 
tl]eso presented by the Fire 
Proof Building Co. 

CLASS 39. PORCELAIN AND POTTERY. 

NEW JERSEY. 

3335. Various samples of earthern ware, 
presented by  A. Hall & Sons, 
Perth Amboy, N. J. 

8336-8337. Danish Terra Cotta. 

I~IILADELPI~/A. 

3338. Ornamental vase from British Mu- 
seum, London, presented by  Gal" 
loway & Graft. 

3339. Vase, imitation of Danish ware, 
from Galloway & Graft. 

CLASS 24. MINERAL COMBUSTIBLES, (COALS, ETC.). 

WEST VIRGII~LL 

3340-33?4. Coals from various parts of  
the Stale. 

PENNSYLVANIA. 

3375-3380. Coals from varipus coal fields. 

MEXICO, 

3381. Rich gas coal. 

AFRICA. 

3382-3383. Soft coal from Orange Free 
State. 



3884-3385. 

8386-3398. 

3399-8t00. 

3401-3418. 

AUSTRAIAA.  

Queensland coal. 

BRAZIL.  

Various coals. 

CANADA.  

Pictou coal, ~ova Scotia. 

K EN TUCKY.  

Coals from different parts of 
the State. 
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INDIANA.  

8419. Samples of various coals collected 
and presented by the State Com- 
mission. 

E N G L A N D ,  

8420. Pressed coal dust from Birchgrove 
Colliery. 

SWEDEN.  

8421-3425. Samples of coke and peat. 
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MEMBERS OF THE SOCIETY OF ARTS 

OF T H E  

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
J U N E  1, 1877. 

H O N O R A R Y  M E M B E R .  

�9 Prof .  Dan ie l  T r e a d w e l l ,  Cambr idge ,  Mas l .  

A l l en ,  S t e p h e n  M . .  Bos ton .  
A m o r y ,  W i l l i a m  . 
A tk inson ,  E d w a r d  " 

B a k e r ,  Wi l l i am E .  �9 " 
e B a n c r o f t ,  E . P .  . " 
OBeebe ,  J a m e s  M. �9 " 
B o w d i t c h ,  J . I .  . �9 " 
Bowd i t eh ,  Mrs .  J . l .  " 
B r i m m e r ,  M a r t i n  . " 
B r o w n e ,  C. A l l en  . " 
Bu l l a rd ,  W . S .  . �9 " 

Colby ,  G a r d n e r  . . " 
Cummings ,  J o h n  W o b u r n .  

Da l t on ,  Chas.  H .  . Bos ton .  
D a v e n p o r t ,  H e n r y  . " 
Dupee ,  J a m e s  A.  " 

OEdmands ,  J .  Wile) . .  " 
e E l d r e d g e ,  E . H .  . " 
Emerson~ G e o r g e  B .  " 
E n d i c o t t ,  Win . ,  J r . .  " 

F a y ,  J o s e p h  S. . " 
F a y ,  Mrs.  S a r a h  S. " 

Forbes ,  J o h n  M . .  " 
F o r b e s ,  R o b e r t  B .  . " 
Fos t e r ,  J o h n  . . . " 

Gafl leld,  T h o m a s .  . " 

� 9  G. A . .  . " 
G a r d n e r ,  J o h n  L.  . " 
Gookin ,  S a m u e l  H . .  " 
e G r a n t ,  Michae l  . . " 
Green lea f ,  R.  C . .  . " 
Grove r ,  Win .  O . .  . " 

L I F E  M E M B E R S .  

H e m e n w a y ,  Mrs .  M. Bos ton .  
H o a d l e y ,  J . C .  . . L a w r e n c e .  
e H u n t i n g t o n ,  R a l p h .  Bos ton .  

J o h n s o n ,  S a m u e l .  . " 

K i d d e r ,  H e n r y  P .  �9 " 

K u h n ,  G e o .  H .  �9 . " 

O La w r e nc e ,  J a m e s  . " 
L e e ,  H e n r y  �9 �9 . " 
L e e ,  J o h n  C. " 
i L e e ,  T h o m a s  . . " 

L i t t l e ,  J a m e s  L . .  . " 
Lowel l ,  J o h n  A . .  . " 
L y m a n ,  Geo.  W .  �9 " 

Mat thews ,  N a t h a n  . " 
�9 M e G r c g o r ,  J a m e s  . " 
Mudge ,  E .  R . .  . " 

Nichols ,  L y m a n  . . " 
Norcross ,  O t i s  " 

oP i e r c e ,  Car los  . . Canada .  
P r e s t o n ,  J o n a t h a n  B o s t o n .  
P r a t t ,  Mrs .  W i l l i a m  . " 
P r a t t  Miss . . . .  " 

R i cha rdson ,  Geo.  C . .  " 

ORichardson ,  J . B . .  " 
Rogers ,  H e n r y  B.  . " 
Rogers ,  W i l l i a m  B.  '~ 
R o s s ,  ]~[. Denma~i W.,Roxhury.__ 
Ross,  W a l d o  O . .  . 
Rugg les ,  S . P .  . . Bos ton .  

�9 Deeeued. 



* S a v a g e ,  , lames  . . Bos,~n.  
Savles H e n r y  r " " 
Sa~,les, Mrs .  ~ i i l a rd  " 
*Sea r s  Dav id  . . " 
Shaw,  M a r y  S. . . " 
* S k i n n e r ,  ~Franeis " 
* S t e t s o n ,  J o s h u a  . " 

T h a y e r ,  N a t h a n i e l  . " 
T h o r n d i k e ,  J o h n  t i .  " 
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]~obev~ E d w a r d  S .  . Bos ton .  
'llt'l'lurllel', J .  h i .  �9 't 

* U p t o n ,  G e o r g e  B . .  " 

Wa l e s ,  Geo.  W . .  . " 
Wales ,  T.  B . . . .  " 
Wa l e s ,  Miss . . " 
* W h i t n e y ,  J o s e p h  " 
W o l c o t t ,  J ,  H .  . " 

A S S O C I A T E  

Adams,  J a m e s  . Char les town.  
Adams ,  J o s e p h  I / .  Boston.  
A m o r y ,  T .  C'  �9 . " 
A n d e r s o n ,  L u t h e r  ~V. Quincy .  
App le ton ,  ' r ims.  G . .  Bos ton .  
Atk inson ,  W i n .  P .  . " 

Aust in ,  E d w a r d  . . " 

B a r b e r ,  L y m a n  L . .  Char les town.  
B a r n a r d ,  J a m e s  h i . .  Bos ton .  
Ba t cheh t e r ,  J o h n  M. Cambr idge .  
Beal ,  J a m e s  H .  . . Boston.  
B e n d e r ,  R i c h a r d  W .  " 

B i g e l o w ,  A . O .  . . " 
Bigelow,  J a c o b  " 

Bishop,  Chas .  J . .  . " 
B l a n e y ,  H e n r y  . . " 
Bond ,  G e o l ~ e  W .  W .  R o x b u r y .  
Bond ,  W .  S .  . . 

Boo t t ,  Wi l l i am . . Bos ton .  
Bouvd,  T .  T . .  " 
Bowdi t ch ,  Win .  I'. . Brook l ine .  
B r o w n e ,  C a u s t e n .  . Boston .  

Cabot ,  S a m u e l  . . " 
C a r p e n t e r ,  Geo .  O. �9 " 
Ca r ru th ,  Char les  " 
Clapp,  Win .  W . .  . " 
Clinch,  J o h n  M. " 
Cummings ,  N a t h ' l  . " 

Curt is ,  F r e d e r i c k  " 

D a n a ,  E d w a r d  A. . " 
Dan tb r t h ,  I . W . .  . " 
Davis ,  B , ~ r n a b a s .  " 
Delano ,  Jos .  C . . N e w  Bedford .  
Denn) ' ,  H e n r y  G.  . Bos ton .  
Dewson ,  F . A .  . ,' 

M E M B E R S .  

D i x ,  J o h n  H . . . .  Bos ton .  
Dresser ,  J a c o b  A. " 

Eastman, Ambrose . " 

F a r m e r ,  Moses  G. . 
F l in t ,  Char l e s  L.  . 
F o r b e s ,  F r a n k l i n  . Cl in ton .  
F r a n c i s ,  J a m e s  B.  . Lowel l .  
Fu l l e r ,  H .  W e l d  . . B o s t o n .  

G a r d n e r ,  J a m e s  B . .  " 
Gibbens ,  J o s e p h  M. " 
G r a n d g e n t ,  L . H .  " 
Gui ld ,  C h e s t e r  . " 
Gui ld ,  H e n r y  . . " 

Hal l ,  T h o m a s  . . . " 
H a v e n ,  F r a n k l i n .  . " 
H~tyes, S. D a n a  . . " 
H e a r d ,  J o h n  T .  " 
H e n c k ,  J o h n  B . .  �9 Brook l ine .  
H e n s h a w ,  J o h n  A. �9 Cambr idge .  
Hewins ,  E d m u n d  H .  Bos ton .  
H i l t o n ,  W i l l i a m  . . " 
H ohne s ,  O. W .  . . " 
H o m a n s ,  C . D .  . . " 
H u b b a r d ,  Char les  T .  " 
I t y d e ,  G e o r ge  B.  . " 
H y d e ,  H e n r y  D. . " 

J a c k s o n ,  J .  B . S .  . " 

J a s p e r ,  G u s t a v u s  A .  " 

J e n k s ,  L e w i s  E . .  " 

K e h e w ,  J o h n  . . . " 
K n e e l a n d ,  Sa mue l  . " 
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L a m s o n ,  Chas .  D .  . B d s t o n .  
' 

O 

L a w r e n c e ,  A . A .  �9 " 
L e e ,  F r a n c i s  L .  �9 �9 " 
L e e ,  T h o m a s  J .  �9 �9 " 
L e u e h a r s ,  R . B .  �9 �9 " 
L e w i s ,  C h a r l e s  W .  . C h a r l e s t o w n .  
L e w i s ,  W i n .  K .  . . Bos ton .  
L i n c o l n ,  F . W .  �9 �9 " 
L i t t l e ,  J a m e s  L. ,  J r .  " 
L i t t l e ,  J o h n  M.  �9 �9 " 
L o t h r o ~ ,  S a m ' l  K .  . " 
L o w e ,  l ~ . M .  �9 �9 �9 " 
L o w e l l ,  J o h n  �9 �9 �9 " 
L y m a n ,  T h e o d o r e  . B r o o k l i n e .  

M a r k o e ,  G .  F . H .  . B o s t o n .  
M a s o n ,  R o b e r t  M.  �9 " 
M a y ,  F .  W . G .  �9 . D o r c h e s t e r .  
M a y ,  J o h n  J . . . .  
M c M u r t r i e ,  H o r a c e  B o s t o n .  
M e P h e r s o n ,  W . J .  �9 " 
Mer r i l l ,  N .  F . . . .  C a m b r l d g e p ' t .  
M o n t g o m e r y ,  H u g h  �9 B o s t o n .  
M o o r e ,  A l e x  . . . .  " 
M o r s e ,  S a m u e l  T .  �9 " 

N e w e l i ,  J o h n  �9 �9 �9 " 
Nichols ,  J a m e s  R�9 . H a v e r h i l l .  
~ o r t o n ,  J a c o b  . . Bos ton .  

O r d w a y ,  J o h n  M.  . W .  R o x b u r y .  

P a g e ,  W .  H . . . .  Bos ton .  
P a r s o n s ,  ~ l n .  
Pau l ,  J .  F . . . . .  " 
P e a b o d y ,  O . W .  �9 �9 " 
P e r r y ,  O . H .  �9 �9 " 
P h i l b r i c k ,  E d w a r d  S. " 
P h i l b r i c k ,  J o h n  D.  �9 " 
P i c k e r i n g ,  E .  C . .  �9 " 
P i e k e r i n g ,  H . W .  �9 " 
P o p e ,  1.]dward E .  �9 " 
P r a n g ,  L o u i s  . �9 �9 " 
P u t n a m ,  J .  P . . . .  " 

R ice ,  A l e x a n d e r  H .  �9 Bos ton .  
R i c h a r d s ,  R . H .  �9 �9 " 

R i t e h i e ,  E .  S . . . .  
R o b b i n s ,  J a m e s  M .  . 
R o b i n s o n ,  J . R .  . �9 
R o t e h ,  Ben j .  S.  �9 �9 
Rugg les ,  J o h n  
R u n l d e ,  J o h n  D.  
Russe l l ,  L e B a r o n  �9 

B r o o k l i n e .  
M i l t o n .  
B o s t o n .  

6~ 

Brook l ine .  
B o s t o n .  

S a l i s b u r y ,  D .  W a l d o  
S a w y e r ,  E d w a r d  �9 
S a w y e r ,  T i m o t h y  T .  
Sea r s ,  P h i l i p  H .  �9 , 
S h e r w i n ,  [Fhos. . . 
S h i m m i n ,  Chas .  F .  . 
Shur t l e f f ,  A . M .  �9 �9 
S inc la i r ,  A l e x .  D .  . 
S m i t h ,  C h a u n e y  . �9 
S p r a g u e ,  Chas .  J .  
S t evens ,  B e n j .  F .  
S turg is ,  J o h n  H .  
S u l l i v a n ,  R i c h a r d  

N e w t o n .  
C h a r l e s t o w n .  
B o s t o n .  
D e d b a m .  
Bos ton �9  

C a m b r i d g e � 9  
Bos ton .  

tg 

T h o m p s o n ,  W i n .  H .  ,, 
Tu f t s ,  J o h n  W .  �9 . " 
T u x b u r y ,  G e o .  W . .  " 

U p h a m ,  J . B .  �9 �9 '~ 
U r b i n o ,  S. R .  �9 �9 " 

W a r e ,  Chas.  E . .  �9 " 
W a r e ,  W i n .  R .  �9 �9 " 
~Var ren ,  C y r u s  M.  . B rook l ine .  
W a n ' e n ,  Geo .  W .  B o s t o n .  
W a r r e n ,  J o s e p h  H . .  " 
W a r r e n ,  S a m ' l  D.  �9 �9 
W a t e r s ,  C. H . . . .  C l in ton .  
W a t s o n ,  R . S .  . . Mi l ton .  
W a t s o n ,  W m .  . Bos ton .  
W e s t o n ,  D a v i d  M~ " 
W h i p p l e ,  E d w i n  P . .  " 
W h i t m a n ,  H e r b e r t  's " 
W h i t m o r e ,  W m .  H .  �9 " 
W h i t o n ,  D a v i d  . . " 
W i l d e r ,  M a r s h a l l  P .  Dorches t e r .  
W i l l i a m s ,  H .  W . .  . Bos ton .  
W i n t h r o p ,  R o b e r t  C. " 
W r i g h t ,  J o h n  H . .  �9 " 
W y ~ n a n ,  Mor r i l l  �9 C a m b r i d g e .  
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~ & $ E M E 1 V r  F L O O R .  
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U 
A. l'rofessors' Chemical Laboratory, 25 v oft by 22v lltV. 
B. General and Qualitative Chemical Laboratory, 4of 7v ? by 8u OVV. 
C. Quantitative Chemical Laboratory, 3~/8 vr by 341 0tr. 
D. Quantitative Chemical Laboratory, 2fr u  by 2u Oft. 
F~. Balance Room, 8," by 13 r. 
F. Professor Wing's Private Laboratory, 16 t O ff by 1~ Off, 
G. ]lining Laboratory, 40t 2It by 27 t loft. 
H. Metallurgical Laboratory, 36v 8vt by 3u  Off. 
1. Chemical Lectttre Room, 49f 7 ft by 3u 0 tt. 

J . J .  ]btechanical Engineers' Laboratory, 251 Or/by 69r 1~'. 
K. Daily Chemical Supply l~oom, l y f C t  by 12v Oft. 
L. Boiler Room, 15 p by 7di~ Off. 
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F I R S T  S T O R Y  F L O O R .  

-i 1- 
F 

1 i t ~ ~ ii 

B A _ H 

A. Ent rance  Hail ,  42f 2 ft by 25 t 0 ft. 
B. :President's Office, 25r 0tl by 22 z l l t t .  
C. I 'hysical Lecture Room, 49f 7 t l  by 28 r 3 tr. 
D. :Physical Laboratory and Apparatus I{oom, 35t 8it by 28 t 3r/. 
E. Physical Laboratory and Apparatus I{oom, 92t 0tf by 271 10 rl. 
F. Geological Lecture Room, 35 f 8 tt by 28f 3 ff. 
G. Society of Arts  Room, 491 7t! by 28 r 3 tt. 
H.  Secretary's Office, 25 f 0 It by 22f l l t t .  
I. Stairway Hall, 8T t 3 rt by 26/10ft. 
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S E C O N D "  S T O R Y  F L O O R .  

II 

G G 

B ___ 

. . d . - -  . . . l _  _ . i i  

I v I E 

A. Huntington Hall, 92t 0rf by 65t 5tt. 
B. Mathematical Lecture Room, 3~/9tt by 28 t 3 ff. 
C. Civil Engineering Lecture Room, 32/2 rt by 25f 0 pl. 
D. Modern Language Lecture Roo~u. 26f 2rl b y  20/6tr. 
E. English Lecture Room. 32P 2r! by 2~ 0t/. 
F. Mathematical ~n d Astronomical Lecture Room. 3~ 9it by 28 t 3 rf. 
G . G .  Passageways to Huntington Hall. 
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H A L F  8 T O R Y  ' F L O O R .  

A.  Archi tec tura l  Museum, ~ v  ~ v  by 25v0/v. 
B. Archi tec tura l  L ib ra ry  and Study Room, ~ v  2rt by 25P OVt. 

C. Arch i tec tu ra l  Museum, 28 v 3 v / b y  20v 9 pt. 
D. Na tura l  His tory  Lecture Room, 26/2 v! by ~0 I 6 t t .  
R. Prof .  Richards '  Lec tu re  Room,  84/9 vt b y  28 / 3/t. 
F .  Prof.  Atkinson ' s  Study,  28 v 3 vf by 14 t 2vv. 
G. Prof .  Hun t ' s  Study,  28 / 3 pt by  14 / 2/f. 
H.  H u n t i n g t o n  Hall .  
1. Prof .  Howison 's  Studyp 28 t 3/f by 14 t .  �9 
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T H I R D  S T O R Y  F L O O R .  

I ~ D E 

mind ~ 

B I 'A 

�9 �9 �9 �9 

A. Reading and Stlidy Room, 62 v Wf by 25 v Wv. 
B.B.  Civil Engineers' Drawing Rooms. 4of 7 tt by 28f 3Yr." 

C. First Year's Drawing Room, 49v 7f! by 28 f 3 f/. 
D. Mechanical Engineers' Drawing Room, 65 p 5 pt by 26 v Oft. 
E. First Year's Drawing Room, 6fit 5 vt by 26f 0ft. 
F. Mechanical Engineering Lecture Room, 37t Oft by 17 v 0P/. 
G. Mathematical and Descriptive Geometry Lecture Room, 87f Oft by 2~ Oft. 
H. Model Room, 21t Oft by 13 v 0Iv. 
I. I. I, Passageways. 
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F O U R T H  STORY FLOOR.  

J 

l~'-g.,,illl I II.II, . 

~ ; ' "  ~I 
E . 

- 

~ , 

A. Prof. Lanza's  and Prof. Whitaker 's  Study, 24 r 5r162 by l V  6 re. 
B. Prof. Henck 's  Study, 24 t 5 f f  by 11 f 6 f f .  

C. Prof. Osborne's Study, 24 v 9 f! b y 71 6 vv. 
D. Prof. Richards's and Prof. Nichols's Study, 28 v 0 fl by 7 f 6n. 
E. Instructor Hoyt ' s  Study, 21f 6 f / b y  7 t 6 f l .  

F. Prof. Ware 's  Study, 2 ~  9 f! by 7 / 6 If. 
G. Architects '  Drawing Room, 65v ~ff by 211 ]0 ff. 
H. Lowell School of Design, 65 v 5 f! by 211 10 ff. 
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